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Number of paper %
Papers by Turkish Participants 28 43,08
Papers by International Participants 37 56,92
(15 Countries)
Chart Title
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Konu : Akademik Tegvik Uygunluk Belgesi 10/08/2026
ILGILI MAKAMA

Academy Global Conferences tarafindan dizenlenen FAR EAST ASIA T7th
INTERNATIONAL CONFERENCE ON APPLIED SCIENCES kongresi 20- 26
Agustos 2026 tarihlerinde Tokyo’da 16 farkli iilkeden akademisyenin katilimiyla
gerceklestirilmistir. Kongre kapsaminda sunulan 65 bildirinin 28’1 Tiirkiye’den, 37’si
ise farkli 13 tilkeden katilan akademisyenler tarafindan sunulmustur. Kongre, 16 Ocak
2020 Akademik Tesvik Odenegi Y&netmeligine getirilen “Tebliglerin sunuldugu yurt
icinde veya yurt disindaki etkinligin uluslararasi olarak nitelendirilebilmesi icin
Tiirkiye disinda en az bes farkli iilkeden sozlii teblig sunan konusmacinin katilim
saglamasi ve tebliglerin yaridan fazlasinin Tiirkiye disindan katilimcilar tarafindan

sunulmasi esastir.” degisikligine uygun olarak diizenlenmistir.
Bilgilerinize arz ederiz

Saygilarimizla

Prof. Dr. BASAK HANEDAN

Web: www.afeacon.org Contact: afeaconferences@gmail.com
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ATATURK UNIVERSITESI REKTORLUGU
Veteriner Fakiiltesi Dekanligi '”Hu",“"",I,,,.....-w
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Say1 : E-36643897-000-2300315795 05.10.2023
Konu : Gorevlendirilme.

KLINiK BILIMLER BOLUMU BASKANLIGINA

ligi : 04.10.2023 tarihli ve E-36643897-000-2300313904 sayili belge.

Ilgide kayith yazida belirtildigi {izere, Boliimiiniiz Veterinerlik I¢ Hastaliklar1 Anabilim
Dal1 6gretim iiyelerinden Prof. Dr. Basak HANEDAN'In, "Academy Global Conferences &
Publishing tarafindan oniimiizdeki tarihlerde diizenlenecek olan uluslararasi kongrelerde;
kongre baskani, kongre diizenleme ve bilim kurulu iiyesi olarak goérevlendirilmesi
Dekanligimizca uygun goriilmiistiir.

Bilgilerinizi ve geregini rica ederim.

Prof.Dr. Yavuz Selim SAGLAM

Dekan
Bu belge, guvenli elektronik imza ile imzalanmistir.
Dogrulama Kodu: c147f559-545f-45be-8400-8eec2b215h38 Dogrulama Adresi: https://www.turkiye.gov.tr/ataturk-universitesi-ebys
Atatiirk Universitesi Veteriner Fakiiltesi 25240 Erzurum Bilgi: Derya FINDIK &
Tel: +90 442 2317222 Faks: +90 442 2317244 1)
Elektronik Ag: http://www.atauni.edu.tr/#!birim=veteriner- E-Posta: vetfak@atauni.edu.tr 3

fakultesi
Kep Adresi: atauni@hs01.kep.tr
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FAR EAST ASIA 7th INTERNATIONAL CONFERENCE ON APPLIED SCIENCES
FAR EAST ASIA 7th INTERNATIONAL GROUP EXHIBITION

Aug 20 - 26, 2026
Tokyo

Kongre Baglant1 Linki :
Join Zoom Meeting

https://us06web.zoom.us/j/88571518350?pwd=fOYazCWBmbAiWrHygjKSjkbbSvotfd.1
Meeting ID: 885 7151 8350

Passcode: 202224
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ONEMLI ACIKLAMA (Liitfen okuyunuz)

e ZOOM baglantist i¢in yukarida verilen baglantiy1 veya yine yukarida verilen giris bilgilerini
kullanabilirsiniz.

e Oturum icerisinde en KIDEMLI olan moderator olarak secilir. Moderatoriin oturum diizenini
gozetmesi, akademisyen adaylarim1 yonlendirmesi beklenmektedir.

e  Oturuma baglanmadan 6nce Salon numaranizi adinizin dniine asagidaki gibi ekleyiniz. Bu sayede
kongre acilisinda beklemeden oturumlarmiza gonderilebileceksiniz. Or. 5§ Ahmet Ahmetoglu

Sunum siiresi 10 dakikadir. Bu siirenin asilmamasini moderatorler temin edecektir.

Sunum sonrast 5 dakikay1 gegmeyen soru-cevap, tartigma stiresi verilmektedir.

Sunumlar TURKCE veya INGILIZCE yapilabilmektedir.

Kameralar, oturum siiresince toplam % 70 oraninda agik olmak zorundadir.

Sunum yapan katilimcinin kamerasi acik olmak zorundadir.

e  Sunum yapmak zorunludur. Herhangi bir nedenle sunum yapmamis olan katilimeiya sertifika
verilmesi ve calismasinin yaymlanmasi sézkonusu olamaz.

e  Katilimci, kendi oturumda, oturum bitene kadar bulunmak zorundadir.

e Katilimcilarin kendi oturumlart disindaki oturumlara katilma zorunlulugu yoktur.

e ZOOM platformunun kapasite sinirt nedeniyle, DINLEYICI, sadece kapasite izin verdigi siirece kabul
edilebilmektedir.

e SADECE CALISMADA YAZAR OLARAK GECEN KiSIiLER SUNUM YAPABILIR !

IMPORTANT, PLEASE READ CAREFULLY

To be able to make a meeting online, login via https://zoom.us/join site, enter ID instead of “Meeting ID
or Personal Link Name” and solidify the session.

The Zoom application is free and no need to create an account.

The Zoom application can be used without registration.

The application works on tablets, phones and PCs.

Speakers must be connected to the session 10 minutes before the presentation time.

All congress participants can connect live and listen to all sessions.

e  During the session, your camera should be turned on at least %70 of session period

e Moderator is responsible for the presentation and scientific discussion (question-answer) section of the
session.

TECHNICAL INFORMATION

e Make sure your computer has a microphone and is working.

e You should be able to use screen sharing feature in Zoom.

e  Attendance certificates will be sent to you as pdf at the end of the congress.

e Moderator is responsible for the presentation and scientific discussion (question-answer) section of the
session.

e  Before you login to Zoom please indicate your name surname and hall number,

Academy Global Conferences & Journals ﬁ ‘ﬂ 'i C'HL‘%[?‘L

ijasjournalcom




www.akademikongre.org

FAR EAST ASIA 7th INTERNATIONAL CONFERENCE ON SOCIAL SCIENCES
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DATE TIME Face to Face

August 22, 2026 Tokyo: 11:00 — 13:00 Park Hyatt Tokyo
3-7-1-2 Nishi-Shinjuku,

Shinjuku-ku, Tokyo 163-1055,
Japan

SESSION - HALL
Session 1 — Hall 1

Head Of Session : Prof. Dr., SENEM AKKOC

- Bildiri No ve Basligi1 / Paper ID and Title Authors

CUMHURIYET DONEMI SINEMASINDA BiR TURK KADINI: NEYYIRE  Dog¢. Dr. Evrim Sencan

1 NEYIR

1935 ULUSLARARASI KADIN BIiRLiGi KONGRESI HATIRA PULLARI Ogretim Gorevlisi, Dr. Serap
2 Yesiltuna Arisoy

ENGELLI BIREYLERIN HAKLARINA ILISKIN ULUSLARARASI Prof. Dr. ISLAM SAFA KAYA
5 SOZLESMELER

YUKSEK YOGUNLUKLU POLIETILEN ICEREN SURDURULEBILIR Ogr. Gor. Dr. Omer Fatih

BETONUN MEKANIK PERFORMANSI VE BASINC DAYANIMI TAHMINI  SANCAK
Dog¢. Dr. Muhammet Zeki

OZYURT
BENZIMIDAZOL CEKIRDEGI ICEREN BIR BILESIGIN FARE Prof. Dr., SENEM AKKOC
- FIBROBLAST HUCRE HATTI UZERINDEKI TOKSIK ETKISININ
INCELENMESI

ELECTRONIC PROPERTIES OF PYRAZOLE-3-CARBONYL CHLORIDE Prof. Dr., SENEM AKKOC
DERIVATIVES REACTED WITH AROMATIC AMINES AND CHALCONE-
HYDRAZIDE SYSTEMS

Academy Global Conferences & Journals I
jasjournalcom
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August 20-26, 2026 — TOKYO
FAR EAST ASIA 7th INTERNATIONAL CONFERENCE ON SOCIAL SCIENCES
SESSION - HALL

DATE
. August 22, 2026
Session 1 — Hall 1

TIME
Ankara: 11:00 —13:00

ZOOM ID - Passcode
885 7151 8350 - 202224

Head Of Session : Assoc. Prof. SANVER OZGUVEN

Bildiri No ve Basligi1 / Paper ID and Title
1 ISTANBUL

THE MUSIC OF YEDITEPE: TURKISH MUSIC WORKS ON THE THEME OF

Authors

Dog. Dr. Ahmet Hakan BAS
Dr. Dilek YUZLUER
CELLO TAKSIM PERFORMANCE IN TURKISH MUSIKISI: STYLE,
9 IMPROVISATION, AND METHODOLOGICAL TRAINING RECOMMENDATIONS
3 VOULKOS

Prof. Dr. Murat Salim TOKAC

Dr. Dilek YUZLUER
CONSTRUCTIVIST STRUCTURE IN THE CERAMIC SCULPTURES OF PETER

Assoc. Profe. SANVER OZGUVEN
OBJECT IN THE CERAMIC SCULPTURES OF RICHARD SHAW

Associate Professor, SANVER
OzZGUVEN
PROPAGANDANIN GORSEL DILi: SANAT, IKTIDAR VE IDEOLOJI RABIA KUL,
5
No: 2

Do¢., CEMILE DIDEM OZISIK

Academy Global Conferences & Journals
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DATE
SESSION - HALL
Session 1 — Hall 2

FAR EAST ASIA 7th INTERNATIONAL CONFERENCE ON SOCIAL SCIENCES
August 22, 2026

TIME

ZOOM ID - Passcode
Ankara: 11:00 —13:00

885 7151 8350 - 202224

Head Of Session : Dog. Dr. Sezen GUNGOR

Bildiri No ve Baslig1 / Paper ID and Title
ZIHINSEL KISAYOLLAR VE VERGI
1

UYUMU: DAVRANISSAL KAMU
POLITIKALARI ILE DAVRANISSAL FINANS KESISIMINDE YENI BiR ANALITIK
CERGEVE

Dog. Dr. Sezen GUNGOR

Dr. Ozlem TAN
AB KARBON SINIR DUZENLEME MEKANIZMASI (CBAM) VE KURUMSAL

DAVRANIS: KARBON MUHASEBESI VE UYUM MALIYETLERININ ZiHINSEL
MUHASEBESINDE KAYIPTAN KACINMA UZERINE BiR DEGERLENDIRME

Dr. Ozlem TAN
Dog. Dr. Sezen GUNGOR
SOCIAL CONNECTION OR HUMAN LIKENESS? DRIVERS OF CONTINUED USE  Dr. Serhat ATA
3 AND RECOMMENDATION IN AI-ENABLED CUSTOMER EXPERIENCES
MILITARY-LEGAL ASPECTS OF COMBATING TERRORISM IN INTERNATIONAL
4 LAW: THE TRANSFORMATION OF THE RIGHT OF STATES TO SELF-DEFENSE
AND MODERN CHALLENGES
5 YENIDEN DUSUNMEK

Nuriyeva Gulnar Farhad
21. YUZYILIN KURESEL DUNYASINDA KURESEL YONETISIM KAVRAMINI

DR. OGR. UYESi KAHRAMAN
SUVARI

ABD’NIN DOGAL KAYNAKLARA YONELIK KONTROL ETME STRATEJISININ
CIN UZERINDEKI ETKI KAPASITESI

Dr. Ogretim Uyesi MEHMET AL
YUKSEL
HAFTALIK OGRENME PERFORMANSININ iKi BOYUTLU LINEER DINAMIK Prof.Dr. Cemil INAN
7 MODEL iLE ANALIZi Matematik Ogretmeni Kubra
MUNGAN
INSTAGRAM INFLUENCER’LARININ iCERIK KALITESI, GUVENILIRLIGI VE
3 PARASOSYAL ETKILESIMIN MARKA SADAKATI UZERINDEKI ETKISI
No: 1

Prof.Dr. Cemil INAN

Muhasebe Uzmam Melis TUNC

Academy Global Conferences & Journals
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FAR EAST ASIA 7th INTERNATIONAL CONFERENCE ON SOCIAL SCIENCES
FAR EAST ASIA 7th INTERNATIONAL CONFERENCE ON APPLIED SCIENCES

August 20-26, 2026 — TOKYO

FAR EAST ASIA 7th INTERNATIONAL CONFERENCE ON SOCIAL SCIENCES

DATE TIME ZOOM ID - Passcode

SEseleht - AL August 22, 2026 Ankara: 11:00 — 13:00 885 7151 8350 - 202224
Session 1 — Hall 3

Head Of Session : Associate Prof. Dr. Stileyman BALCI

- Bildiri No ve Baslig1 / Paper ID and Title
AWARENESS OF SCIENTIFIC RESEARCH ETHICS AND PLAGIARISM
TENDENCIES AMONG UNIVERSITY STUDENTS

1

Dog. Dr. Stileyman BALCI
Emre DEMiIRBAS
ADAPTING TO CAREER LIFE AND JOB SATISFACTION IN ADULTS Associate Prof. Dr. Stleyman BALCI
2
AN EXPLORATORY QUALITATIVE STUDY OF AI-BASED STORYTELLING Rafik El Amine Ghobrini
TECHNIQUES FOR ENHANCING SECONDARY EFL STUDENTS’ READING Sarah Tabet
3 SKILLS Youcef Chehri
DIGITALIZATION AND DECISION-MAKING PROCESSES IN SPORTS PULEE 8 B0 A G Ehh DL
MANAGEMENT RS
4 Dog. Dr. Seda SABAH
MUNICIPALITY AND SPORTS: PUBLIC OPINIONS AND RECOMMENDATIONS
5
No: 5

Yiiksek Lisans Ogrencisi, Serife Nur
MUZDE

Dog. Dr. Seda SABAH
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FAR EAST ASIA 7th INTERNATIONAL CONFERENCE ON SOCIAL SCIENCES
FAR EAST ASIA 7th INTERNATIONAL CONFERENCE ON APPLIED SCIENCES

August 20-26, 2026 — TOKYO

FAR EAST ASIA 7th INTERNATIONAL CONFERENCE ON SOCIAL SCIENCES
DATE

SESSION - HALL

Session 1 — Hall 4

TIME ZOOM ID - Passcode
August 22, 2026 Ankara: 11:00 —13:00

885 7151 8350 - 202224

Head Of Session : Prof. Dr. Canan SEYFELI

Bildiri No ve Basligi1 / Paper ID and Title Authors
LOOKING AT THE SOCIAL SYSTEM THROUGH THE EYES AND INNOCENCE OF = Dog. Dr. SEVRA
. A CHILD; AN ANALYSIS OF ERDAL 0Z'S WORK "THE RED BALLOON" FIRINCIOGULLARI
GOCMEN COCUKLARIN OKULDA MEKANSAL AIDIYET VE EVDE-OLMAMA
) DENEYIMLERI: ODAKLANMIS ETNOGRAFIK BIR ARASTIRMA

OF ORIGIN MYTHS

Psikolog Seyhmus USTUNDAG
THE PERCEPTION OF THE UNIVERSE IN ANCIENT CHINA: COMMON ASPECTS

Prof. Dr. Canan SEYFELI

THE ANCIENT CHINESE TRADITION THAT SHAPED CONFUCIANISM AND
DAOISM: AN EXAMPLE OF UNIVERSE PERCEPTION
No: 4

Prof. Dr. Canan SEYFELI
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DATE
Session 1 — Hall 5

FAR EAST ASIA 7th INTERNATIONAL CONFERENCE ON SOCIAL SCIENCES
SESSION - HALL August 22, 2026

TIME
Ankara: 11:30 —13:30

ZOOM ID - Passcode
885 7151 8350 - 202224

Head Of Session : Assoc. Prof. Dr. Gulnara Abayeva

Bildiri No ve Basligi1 / Paper ID and Title
1

Authors
INTEGRATING DIGITAL TECHNOLOGIES IN RURAL KAZAKHSTANI PRIMARY
EDUCATION FOR ENHANCED STUDENT ENGAGEMENT

Dr. Aigerim Nurgaliyeva
Dr. Yerzhan Kairatov

Dana Sarsenova
STEM EDUCATION REFORMS THROUGH PROJECT-BASED LEARNING IN
KAZAKHSTAN URBAN HIGH SCHOOLS

Assoc. Prof. Dr. Gulnara Abayeva
Nursultan Tolegenov
Aidana Bekbolatova
TEACHER TRAINING PROGRAMS FOR INCLUSIVE EDUCATION IN IRANIAN
; SPECIAL NEEDS SCHOOLS
4

Dr. Reza Ahmadi
CURRICULUM DEVELOPMENT FOR CULTURAL HERITAGE EDUCATION IN
IRANIAN PRIMARY SCHOOLS

Soraya Mahmoudi

Prof. Dr. Hassan Rezaei

Fatemeh Karimi
BLENDED LEARNING MODELS IMPACT ON STUDENT PERFORMANCE IN
2 Dr. Sana Rehman
VOCATIONAL EDUCATION REFORMS ADDRESSING UNEMPLOYMENT IN
6 RURAL PAKISTAN Ayesha Zubair
Muhammad Faisal
BILINGUAL EDUCATION CHALLENGES AND OPPORTUNITIES IN GEORGIAN
. PRIMARY SCHOOLS

Prof. Dr. Nino Tsiklauri
Dr. Levan Beridze
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SESSION - HALL

DATE
Session 1 — Hall 6

TIME
August 22, 2026 Ankara: 11:30 —13:30

FAR EAST ASIA 7th INTERNATIONAL CONFERENCE ON SOCIAL SCIENCES

ZOOM ID - Passcode
885 7151 8350 - 202224

Head Of Session : Assoc. Prof. Dr. Luan Rama

Bildiri No ve Basligi1 / Paper ID and Title

POSTCOLONIAL THEMES IN CONTEMPORARY PHILIPPINE NOVELS
ADDRESSING LABOR MIGRATION TRAUMA
1

Authors

Prof. Dr. Maria Theresa Santos
Dr. Jose Rizalino Cruz

Luzviminda Reyes
FEMINIST REINTERPRETATIONS OF MYTHOLOGY IN MODERN FILIPINO
POETRY ANTHOLOGIES
2

Assoc. Prof. Dr. Elena Vasquez
Ramon Dela Cruz
Sofia Magdalena
ARABIC POETIC FORMS EVOLUTION IN EGYPTIAN CONTEMPORARY
LITERATURE UNDER POLITICAL CENSORSHIP

Dr. Ahmed El-Sayed
Fatma Nour
4 SHORT

Karim Abdel Rahman
NARRATIVES OF IDENTITY CRISIS IN POST-REVOLUTIONARY EGYPTIAN

FICTION Prof. Dr. Layla Hassan
Mohamed Salem
BALKAN IDENTITY CONFLICTS IN ALBANIAN DIASPORA LITERATURE
WRITTEN IN TIRANA Assoc. Prof. Dr. Luan Rama
5 Ermal Hoxha
Anila Kuci
OTTOMAN LEGACIES IN MODERN ALBANIAN NOVELS EXPLORING
) COSMOPOLITAN ISTANBUL MEMORIES Dr. Blerta Shala
Flamur Leka
POST-SOVIET GEORGIAN POETRY CYCLES REFLECTING CIVIL WAR TRAUMA
AND NATIONAL REVIVAL Prof. Dr. Nino Tsiklauri
7 Levan Beridze
Mariam Kapanadze
SYMBOLISM OF MOUNTAIN MYTHOLOGY IN CONTEMPORARY GEORGIAN
FOLK TALE ADAPTATIONS
8

Assoc. Prof. Dr. Tamar Lomidze

Giorgi Gelashvili Dr. Irakli
Chikhradze

Nato Javakhishvili
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DATE
Session 1 — Hall 7

FAR EAST ASIA 7th INTERNATIONAL CONFERENCE ON SOCIAL SCIENCES
SESSION - HALL August 22, 2026

TIME
Ankara: 11:30 —13:30

ZOOM ID - Passcode
885 7151 8350 - 202224

Head Of Session : Dr. Eleni Papadakis

Bildiri No ve Basligi1 / Paper ID and Title Authors
DIGITAL TRANSFORMATION CHALLENGES AND OPPORTUNITIES FOR
NIGERIAN SMEs IN POST-PANDEMIC ECONOMY
1
INDUSTRY
2

SUSTAINABLE SUPPLY CHAIN PRACTICES IN NIGERIA'S OIL AND GAS

Prof. Dr. Chinedu Okeke
Emeka Nwankwo

Assoc. Prof. Dr. Fatima Yusuf
Adebayo Ogunleye
Chioma Adewale
TOURISM MARKETING STRATEGIES FOR GREEK ISLANDS IN COMPETITIVE
MEDITERRANEAN MARKET
3
4

Dr. Eleni Papadakis
ENTERPRISES

Nikos Stavrou
Maria Kostopoulos
FAMILY BUSINESS GOVERNANCE MODELS IN CONTEMPORARY GREEK
ECOSYSTEM
5

Prof. Dr. Dimitri Karamanos

Sophia Antoniou
AGILE PROJECT MANAGEMENT ADOPTION IN ALBANIAN IT STARTUP

Assoc. Prof. Dr. Erion Veliaj
Anita Hoxha
Lorin Kuka
CROSS-BORDER E-COMMERCE DEVELOPMENT PROSPECTS FOR ALBANIAN
RETAIL SECTOR
6

Dr. Blerta Lame
OIL DEPENDENCY DIVERSIFICATION THROUGH NON-ENERGY EXPORT
PROMOTION IN AZERBAIJAN

Flamur Basha

Prof. Dr. EInur Mammadov
Dr. Aysel Karimova

Farid Huseynov
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DATE
Session 1 — Hall 8

FAR EAST ASIA 7th INTERNATIONAL CONFERENCE ON SOCIAL SCIENCES
SESSION - HALL August 22, 2026

TIME
Ankara: 11:30 —13:30

ZOOM ID - Passcode
885 7151 8350 - 202224

Head Of Session : Dr. Anila Suljoti

Bildiri No ve Basligi1 / Paper ID and Title
FOREIGN POLICY AUTONOMY
1

THE IMPACT OF CHINA'S BELT AND ROAD INITIATIVE ON BANGLADESH'S

Authors

FOR REGIONAL STABILITY

Assis. Prof. Dr. Rahman Karim
INDO-BANGLADESH WATER SHARING DISPUTES AND THEIR IMPLICATIONS

Assoc. Prof, Dr. Fatima Begum
Dr. Arif Hossain

Sadia Islam
Dr. Md. Faisal Ahmed
Nusrat Jahan
IRAQI-KURDISH FEDERALISM TENSIONS AND THEIR EFFECTS ON REGIONAL
SECURITY DYNAMICS
3
4

RECONCILIATION

Dr. Ali Hassan Al-Rawi
Dr. Sara Mahmoud
IRAN-IRAQ RELATIONS POST-ISIS: ENERGY DIPLOMACY AND SECTARIAN

ALBANIA'S EU ACCESSION NEGOTIATIONS AND NATO INTEGRATION
CHALLENGES
5

Assoc. Prof. Dr. Khalid Omar
Zainab Al-Sayed

Prof. Dr. Liridon Sinani
Dr. Anila Suljoti
Ermal Deda
TURKISH INFLUENCE IN THE WESTERN BALKANS: ALBANIA'S STRATEGIC
POSITIONING
6

AZERBAIJAN-GEORGIA-TURKIYE ENERGY CORRIDOR AND CASPIAN
REGIONAL STABILITY

Assoc. Prof. Dr. Dorina Thanasi
Blerta Hoxha

Prof. Dr. Elnur Pasa
Dr. Leyla Aliyeva

Assoc. Prof, Dr. Vugar Salamov
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DATE
Session 1 — Hall 9

FAR EAST ASIA 7th INTERNATIONAL CONFERENCE ON SOCIAL SCIENCES
SESSION - HALL August 22, 2026

TIME
Ankara: 11:30 —13:30

ZOOM ID - Passcode
885 7151 8350 - 202224

Head Of Session : Assoc. Prof. Dr. Yumi Sato

Bildiri No ve Basligi1 / Paper ID and Title

MICROFINANCE IMPACTS ON RURAL HOUSEHOLD INCOME
DIVERSIFICATION IN BANGLADESH

1

Authors

Prof. Dr. Rahman Karim
SECURITY POLICY

Assoc. Prof. Dr. Fatima Begum
Dr. Md. Alamgir Hossain
CLIMATE CHANGE EFFECTS ON BANGLADESH RICE PRODUCTION AND FOOD

Dr. Shafiqul Islam
Sultana Akter
Md. Rafiqul Hasan
AGING POPULATION CHALLENGES AND PENSION SYSTEM REFORMS IN
3 JAPAN
4

Prof. Dr. Hiroshi Tanaka
Assoc. Prof. Dr. Yumi Sato
Kenji Nakamura
ABENOMICS FISCAL POLICY EVALUATION AND JAPANESE PUBLIC DEBT
SUSTAINABILITY

Dr. Aiko Yamamoto
Takeshi Kobayashi
Assoc. Prof. Dr. Gulnara Asanalieva
5 REMITTANCE FLOWS AND ECONOMIC GROWTH DYNAMICS IN KYRGYZSTAN  Dr. Bakyt Torogeldiev
Aida Tursunalieva
ENERGY SECTOR REFORMS AND MACROECONOMIC STABILITY IN
6 KYRGYZSTAN

Prof. Dr. Erlan Abdyldaev
Nurlanbek Omuraliev

Academy Global Conferences & Journals

WSIOURAL
jasjournalcom




5 %; FAR EAST ASIA 7th INTERNATIONAL CONFERENCE ON SOCIAL SCIENCES
§ é FAR EAST ASIA 7th INTERNATIONAL CONFERENCE ON APPLIED SCIENCES

August 20-26, 2026 — TOKYO

www.akademikongre.org

FAR EAST ASIA 7th INTERNATIONAL CONFERENCE ON APPLIED SCIENCES

DATE TIME ZOOM ID - Passcode
SEseleht - AL August 22, 2026 Ankara: 15: 00— 17:00 885 7151 8350 - 202224
Session 2 — Hall 1

Head Of Session : Prof. Dr. BASAK HANEDAN

Bildiri No ve Baslig1/ Paper ID and Title Authors

SALMONELLOSIS IN CALVES Prof. Dr. BASAK HANEDAN

" Prof. Dr. ALi BILGILI

INTEGRATED METABOLIC, INFLAMMATORY, NUTRITIONAL, AND Dr.Ogr.Uyesi,,Seyma Diimiir
FIBROSIS SIGNATURES FOR THE IDENTIFICATION OF Prof.Dr. Hafize Uzun

2 NONALCOHOLIC FATTY LIVER DISEASE: A COMPARATIVE
DIAGNOSTIC PERFORMANCE STUDY

A MULTI-TARGETED HERBAL AGENT IN METABOLIC DISEASES: Prof. Dr. Hiilya CICEK
MOMORDICA CHARANTIA L.

A KEY ACTOR IN PROSTAGLANDIN METABOLISM: NAD"- Prof. Dr. Hiilya CiICEK
DEPENDENT 15- HYDROXYPROSTAGLANDIN DEHYDROGENASE

No: 2
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FAR EAST ASIA 7th INTERNATIONAL CONFERENCE ON APPLIED SCIENCES

DATE
August 22, 2026

TIME
Ankara: 15: 00— 17:00

SESSION - HALL
Session 2 — Hall 2

ZOOM ID - Passcode
885 7151 8350 - 202224

Head Of Session : Dr. Ogretim Uyesi, HASAN UZEL

Bildiri No ve Basligi / Paper ID and Title

RESNET-RS-50 KULLANILARAK GUNES FOTOVOLTAIK PANELLERINDE DERIN

OGRENME TABANLI TOZ TESPITi

SENKRON MAKINEDE ALAN AKIMININ POLYNOMIAL REGRESYON ILE

TAHMINI

2
BIYOBOZUNUR MG ALASIMLARINDA HALL-PETCH HESAPLAMALI AKMA
DAYANIMI TAHMINLERININ DENEYSEL VERILERLE KARSILASTIRILMASI

3
PARKING USE AND MANAGEMENT NEEDS IN A COMPACT COASTAL CITY: A
CASE STUDY

4

EXPERIMENTAL EVALUATION OF EXHAUST EMISSIONS FROM RAPESEED
BIODIESEL BLENDED WITH HEXAGONAL BORON NITRIDE AND BORON
5 CARBIDE NANOPARTICLES UNDER DIFFERENT ENGINE LOADS

No: 1

Academy Global Conferences & Journals
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Dr. Ogretim Uyesi, HASAN UZEL
Dr. Ogretim Uyesi, BEKIR EMRE
ALTUN

Dr. Ogretim Uyesi, FEYYAZ
ALPSALAZ

Dr. Ogretim Uyesi, HASAN UZEL
Dr. Ogretim Uyesi, FEYYAZ
ALPSALAZ

Dr. Ogretim Uyesi, BEKiR EMRE
ALTUN

MUHAMMED SELMAN DOGAN
Prof. Dr., ALi GUNGOR

MUHAMMED FATIiH YENTIMUR
TUBA KUTUK-SERT

Ogr. Gor. ibrahim GUNDUZ
Dog. Dr. Turan GURGENC
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FAR EAST ASIA 7th INTERNATIONAL CONFERENCE ON APPLIED SCIENCES

DATE
SESSION - HALL

TIME
. August 22, 2026
Session 2 — Hall 3

ZOOM ID - Passcode
Ankara: 15:00 —17:00

885 7151 8350 - 202224

Head Of Session : Assoc. Prof. Dr., Emine AYTAR

- Bildiri No ve Basligi1 / Paper ID and Title Authors

INFLUENCE OF CARBON FIBRE REINFORCEMENT ON THE CHARPY IMPACT Mehmet Cagatay Akbolat
1 BEHAVIOUR OF FFF-PRINTED PLA COMPONENTS

CONVERSION OF CO, TO CYCLIC CARBONATES BY AROMATIC AMINES AS A Assoc. Prof. Dr., Emine AYTAR
5 CATALYST IN AN ATMOSPHERIC AMBIENT

RECENT ADVANCES IN AEROGEL TEXTILE COMPOSITES FOR THERMAL
5 INSULATION APPLICATIONS

Asst. Prof. Zeynep ULKER DEMIR

FAZ DEGIiSIM MADDELERI VE KANATCIKLAR KULLANILARAK CiFT YUZLU Ogr. Gor. Mehmet Sah SARAC
. FOTOVOLTAIK PANELLERIN ISI YONETIMI

Prof. Dr. Cengiz YILDIZ

EVALUATION OF REACTIVE AGGREGATE BLENDS IN TERMS OF ALKALI- Hacera YAGBASAN

SILICA REACTION: AN ASTM C1260-BASED OPTIMIZATION APPROACH Prof. Dr. Deniz ADIGUZEL
5 Dog. Dr. Serkan TUYLU
Dr. Ogr. Uyesi ismail DEMIR
DYNAMIC INVESTIGATION OF THE SENSITIVITY OF ECONOMIC CUT-OFF Fatih DEMIR

GRADE TO LOGISTICS RISKS AND PRICE FLUCTUATIONS IN A BARITE Dog. Dr. Serkan TUYLU
6 DEPOSIT Prof. Dr. Deniz ADIGUZEL
Dr. Ogr. Uyesi ismail DEMIR

TENSILE PROPERTIES OF BIAXIAL GLASS FIBER WOVEN-REINFORCED

IBRAHIM KURTEN
. UNSATURATED POLYESTER COMPOSITE MATERIAL

Prof. Dr. HUSEYIN UNAL

BENDING BEHAVIOUR OF A DUAL-AXIS E-GLASS FIBRE-REINFORCED
5 UNSATURATED POLYESTER COMPOSITE

iBRAHIM KURTEN
Prof. Dr. HUSEYIN UNAL

No: 5
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FAR EAST ASIA 7th INTERNATIONAL CONFERENCE ON APPLIED SCIENCES

DATE TIME ZOOM ID - Passcode

SEseleht - AL August 22, 2026 Ankara: 15:00 — 17:00 885 7151 8350 - 202224

Session 2 — Hall 4

- Bildiri No ve Basligi1 / Paper ID and Title Authors

ARTIFICIAL INTELLIGENCE AND CONCSCIOUSNESS: A Dog. Dr. Varol KOG
METAPHYSICAL PERSPECTIVE

ONTOLOGICAL APPROACHES FOR CONSCIOUSNESS SIMULATION IN  Dog. Dr. Varol KOG
ARTIFICIAL INTELLIGENCE

DOGAL AFETLERIN YONETIMINDE MATEMATIKSEL DERIN Dr, AHMET YILDIRIM
OGRENME YAKLASIMLARI

ESTIMATION OF RISK MEASURES VIA IMPROVED GENETIC Prof. Dr. Birdal Senoglu
ALGORITHM Dr. Ozge Giirer
Assoc. Prof. Dr. Gamze Giiven

FEATURE SELECTION FOR ARTIFICIALLY IMBALANCED DATASETS Dr.Ogr.Uyesi Giilnur

5 USING CRESTED PORCUPINE OPTIMIZER YILDIZDAN
COMPARISON OF GAMMA-RAY ATTENUATION PARAMETERS OF Assist. Prof. Dr.,, MEHTAP
PYRITE AND MARCASITE (FeS 2 ) POLYMORPHS YALCINKAYA

Academy Global Conferences & Journals |
jasjournalcom




%

| CONFERER,
¥ t'.rf

&

&,
z
E
=
H

www.akademikongre.org

DATE
Session 2 — Hall 5

FAR EAST ASIA 7th INTERNATIONAL CONFERENCE ON APPLIED SCIENCES
SESSION - HALL August 22, 2026

TIME
Ankara: 15:30 — 17:00

ZOOM ID - Passcode
885 7151 8350 - 202224

Head Of Session : Dr. Soraya Mahmoudi

Bildiri No ve Basligi1 / Paper ID and Title Authors
SYNTHESIS AND CHARACTERIZATION OF NOVEL METAL-ORGANIC
FRAMEWORKS FOR CARBON DIOXIDE CAPTURE APPLICATIONS Prof. Dr. Reza Jalali
1 Dr. Soraya Mahmoudi
Ali Karimi
DEVELOPMENT OF EFFICIENT HETEROGENEOUS CATALYSTS FOR BIODIESEL
, PRODUCTION FROM WASTE COOKING OILS Assis. Prof. Dr. Hassan Ahmadi
Fatemeh Rezaei
QUANTUM DOTS DOPED POLYMER NANOCOMPOSITES FOR ADVANCED
SOLAR CELL DEVICES
3
4

Dr. Ahmed El-Sayed
Nadia Hassan
PLANT

Karim Abdel
GREEN SYNTHESIS OF SILVER NANOPARTICLES USING EGYPTIAN MEDICINAL

EXTRACTS
ADVANCED MEMBRANE TECHNOLOGIES FOR DESALINATION IN ARID GULF
COUNTRIES
5

Assis. Prof. Dr. Mohamed Salem
Fatma Ibrahim

Assoc. Prof. Dr. Khalid Al-Mansoori
Noor Hassan

NANOSTRUCTURED CATALYSTS FOR HYDROGEN PRODUCTION VIA WATER

SPLITTING

6

Dr. Fatima Rahman

Omar Saeed
THERMALLY STABLE POLYMERIC COMPOSITES FOR HIGH-PERFORMANCE
ELECTRONIC APPLICATIONS

Prof. Dr. Andrei Popescu
Dr. Maria lonescu
lonela Dragomir
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DATE
Session 2 — Hall 6

FAR EAST ASIA 7th INTERNATIONAL CONFERENCE ON APPLIED SCIENCES
SESSION - HALL August 22, 2026

TIME
Ankara: 15:30 — 17:00

ZOOM ID - Passcode
885 7151 8350 - 202224

Head Of Session : Dr. lonela Popa

Bildiri No ve Basligi1 / Paper ID and Title

ADVANCES IN PRECISION MEDICINE FOR BREAST CANCER TREATMENT
USING AI-DRIVEN GENOMIC PROFILING

1

Authors
Dr. Aiko Nakamura
Kenji Sato
NON-INVASIVE NEURAL INTERFACE TECHNOLOGIES FOR PARKINSON'S
DISEASE MANAGEMENT Assoc. Prof. Dr. Yumi Kobayashi
2 Takeshi Yamamoto
Mika Fujimoto
TELEMEDICINE IMPLEMENTATION CHALLENGES IN RURAL MOLDOVAN
5 HEALTHCARE SYSTEMS Dr. lonela Popa
Victor Rusu
ELRJ;'I:I’:I"SDI\LGII__X\_IFTSE\S/ENTIONS FOR DIABETES PREVENTION IN MOLDOVAN Prof. Dr. Maria Ceban
4 Andrei Lupascu
Elena Bodarev
TRADITIONAL HERBAL MEDICINE EFFICACY AGAINST DENGUE FEVER IN
: INDONESIAN COMMUNITIES Dr. Sari Wijaya
Assoc. Prof. Dr. Budi Santoso
MATERNAL HEALTH IMPROVEMENT THROUGH COMMUNITY MIDWIFERY
PROGRAMS IN RURAL INDONESIA Nyoman Pratiwi
6 Dr. Agus Setiawan
Lina Kusuma
ANTIBIOTIC RESISTANCE PATTERNS IN ROMANIAN HOSPITAL-ACQUIRED
INFECTIONS
7

Dr. Andrei Popescu
Dr. Maria lonescu

Academy Global Conferences & Journals

UASIOURNAL

jasjournalcom




| CONFERER,
¥ f.rf

2,

ACADE,
My P
&
PTG

www.akademikongre.org

FAR EAST ASIA 7th INTERNATIONAL CONFERENCE ON APPLIED SCIENCES

DATE TIME

SESSION - HALL August 22, 2026 Ankara: 15:30 — 17:00

Session 2 — Hall 7

ZOOM ID - Passcode
885 7151 8350 - 202224

Head Of Session : Dr. Sophia Kiriakou

Bildiri No ve Basligi1 / Paper ID and Title

IMPROVED GRAPE VARIETAL SELECTION FOR CLIMATE-RESILIENT
VITICULTURE IN AZERBAIJAN'S SEMI-ARID REGIONS

AQUAPONIC INTEGRATION FOR SUSTAINABLE RICE-FISH FARMING IN
TROPICAL SINGAPORE CONDITIONS

2
VERTICAL FARMING SYSTEMS OPTIMIZATION FOR URBAN VEGETABLE
PRODUCTION IN SINGAPORE

3
SALINE TOLERANT FORAGE CROPS DEVELOPMENT FOR LIVESTOCK FEED IN

4 QATARI FARMS
WATER-EFFICIENT DATE PALM CULTIVATION TECHNIQUES IN QATAR'S
ARID AGRICULTURAL ZONES

5
ORGANIC HERB PRODUCTION MODELS FOR MEDITERRANEAN GREENHOUSE
SYSTEMS IN CRETE

6
OLIVE OIL QUALITY ENHANCEMENT THROUGH PRECISION IRRIGATION IN
KALAMATA GREEK PLANTATIONS

7
BIOLOGICAL PEST CONTROL STRATEGIES FOR POMEGRANATE ORCHARDS
IN AZERBAIJAN'S GANJA VALLEY

8

9
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Authors

Prof. Dr. Elnur Hasanov
Assoc. Dr. Aysel Mammadova
Nigar Aliyev

Kamran Ibrahimov

Prof. Dr. Chen Li Wei
Assoc. Prof. Dr. Nurul Aini
Marcus Tan

Assoc. Prof, Dr. Lim Wei Ming
Dr. Tan Hui Ling
Rajesh Kumar

Assis. Prof. Dr. Ahmed Bin Saeed
Sara Al-Mansoori

Dr. Fatima Al-Thani
Assoc. Prof. Dr. Khalid Nasser
Mariam Rahman

Dr. Sophia Kiriakou
Andreas Manolis

Assoc. Prof. Dr. Dimitri Pappas
Elena Stavrou
Nikos Theodorou

Dr. Farid Gurbanov
Leyla Karimova
Rashad Nuriyev
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DATE
Session 2 — Hall 8

FAR EAST ASIA 7th INTERNATIONAL CONFERENCE ON APPLIED SCIENCES
SESSION - HALL August 22, 2026

TIME
Ankara: 15:30 — 17:00

ZOOM ID - Passcode
885 7151 8350 - 202224

Head Of Session : Assoc. Prof. Dr. Kamal Gurbanov

Bildiri No ve Basligi1 / Paper ID and Title

EPIDEMIOLOGICAL SURVEILLANCE OF AVIAN INFLUENZA IN AZERBAIJAN
POULTRY FARMS

1

Authors

Prof. Dr. Elnur Hasanov
Dr. Aysel Mammadova
Nigar Aliyeva
PARASITIC INFESTATIONS AND ANTHELMINTIC RESISTANCE IN SHEEP
HERDS OF GARABAGH REGION Assoc. Prof. Dr. Kamal Gurbanov
2 Dr. Leyla Ibrahimova
Dr. Farid Rahimov
MEDICINAL PLANT EXTRACTS FOR TREATING MASTITIS IN DAIRY SHEEP OF
CRETE Dr. Dimitri Papadakis
3 Eleni Stavrou
Prof. Dr. Nikos Karamanos
THERMAL IMAGING TECHNIQUES FOR EARLY LAME DETECTION IN GREEK
4 DAIRY CATTLE Maria Kostopoulou
Assoc. Prof. Dr. Theo Lazos
NANOTECHNOLOGY-BASED VACCINE DELIVERY SYSTEMS FOR CAMELID
RESPIRATORY DISEASES Dr. Fatima Al-Mansoori
5 Khalid Rahman
Assoc. Prof. Dr. Ahmed Khalil
PROBIOTIC SUPPLEMENTATION EFFECTS ON BROILER CHICKEN GUT
MICROBIOME IN ARID CLIMATES
6 Prof. Dr. Noor Al-Harethi
Sara Hassan
ONE-HEALTH APPROACHES TO ZOONOTIC LEPTOSPIROSIS CONTROL IN
URBAN SINGAPORE Dr. Wei Ling Tan
7 Assoc. Prof. Dr. Rajesh Kumar
Mei Ling Wong
GENOMIC SEQUENCING OF ANTIBIOTIC-RESISTANT BACTERIA FROM
SINGAPORE AQUACULTURE
8

Dr. Lim Hui Min
Dr. Amir Singh
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DATE
Session 2 — Hall 9

FAR EAST ASIA 7th INTERNATIONAL CONFERENCE ON APPLIED SCIENCES
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YAPAY ZEKADA BIiLINC SIMULASYONU ICIN ONTOLOJIK YAKLASIMLAR

Doc.Dr. Varol KOC!
'Ondokuz Mayis Universitesi, Miithendislik Fak., kvarol@omu.edu.tr, 0000-0003-4810-3845

OZET

Yapay zeka sistemlerinin biling kazanip kazanamayacagi sorusu, bilim insanlari, filozoflar ve
mithendisler arasinda giderek yogunlasan bir tartismanin odagindadir. Kimi arastirmacilar
bilincin miithendislik yoluyla insa edilebilecegini savunurken; kimileri bunun ontolojik olarak
imkansiz oldugunu ileri stirmektedir. Bu c¢aligsma, biling simiilasyonu i¢in gelistirilen giincel
mithendislik yaklagimlar1 sistematik olarak incelemekte, bu yaklagimlarin vaatlerini ve
sinirlarmi tartismakta ve felsefi metafiziksel bir cercevede ontolojik bir degerlendirme
sunmaktadir. Literatiirdeki son donem uygulamali biling similasyonu ¢alismalari, su 4 temel
grupta toplanilarak incelenmistir: 1-) Biling teorilerini dogrudan hesaplamali sistemlere
uyarlamay1 hedefleyen yaklagimlar, 2-) Fiziksel ve biyolojik streclerden ilham alan
yaklagimlar, 3-) Psikoloji ve kisilik teorilerini yapay biling modellemesine entegre eden
yaklasimlar, 4-) Kuantum ve holografik ilkeleri biling modellemesine dahil eden yaklagimlar.
Bu baglamda, Projeksiyonlu Biling Modeli (PCM), Néral Sikisma Faz Modeli (NJPM),
Rezonans Tabanli Yapay Genel Zeka (R-AGI), Myers-Briggs Tip Gostergesi (MBTI), Moduler
beyin bolgesi tasarimi ve token tabanli iletisim protokoliine dayanan LLM'lerde Kimyasal
Sinyalleme Ozelligine Sahip Gelisimsel Modiiler Modeli (LILITH), Kuantum Néral Holografik
Fiizyon (QNHF), Kuantum Siiperpozisyon Ilkeleri, Sinir Ag1 Dinamikleri, Holografik Bellek
Sistemleri, Biling Alam1 Teorisi gibi modellemeler incelenmistir. Bu miihendislik
yaklagimlarinin tiimii, bilincin belirli yapisal ve islevsel kosullar saglandiginda ortaya
cikabilecegi varsayimina dayanmaktadir. Bu ¢alisma ise, biling simiilasyonu i¢in gelistirilen
miihendislik yaklagimlarinin 6nemli teknik ilerlemeler sundugunu, ancak hicbirinin bilincin
ontolojik kaynagmi ele almadigini gostermektedir. Felsefi metafizik ¢ergeveler, bu
yaklagimlarin biling {iretip iiretemeyecegini, sadece biling yansiticis1 veya araci olarak islev
goriip daha ileri seviyelere erigip- erisemeyecegini, daha temel ve ontolojik bir derinlikten
cevaplamayr hedefler. Gelecekte, felsefi metafiziksel modeller ile hesaplamali modelleri
birlestiren hibrit yaklagimlarin olusturulabilmesi i¢in bir ¢ergeve sunar.

Anahtar Kelimeler: Yapay biling, bilin¢ simulasyonu, Projeksiyonlu Biling Modeli, kuantum
noral holografik flizyon, sikisma fizigi, rezonans tabanli AGI, gelisimsel modiiler LLM'ler,
psikanaliz, MBTI, 6zden olus, ontoloji, yapay genel zeka.
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ONTOLOGICAL APPROACHES FOR CONSCIOUSNESS SIMULATION iN
ARTIFICIAL INTELLIGENCE

Assoc. Prof. Dr. Varol KOC!
Ondokuz Mayis University, Faculty of Eng., kvarol@omu.edu.tr, 0000-0003-4810-3845

ABSTRACT

The question of whether artificial intelligence systems can acquire consciousness is at the center
of an increasingly intense debate among scientists, philosophers, and engineers. While some
researchers argue that consciousness can be constructed through engineering, others contend
that this is ontologically impossible. This study systematically examines current engineering
approaches developed for consciousness simulation, discusses their promises and limitations,
and provides an ontological evaluation within a philosophical-metaphysical framework. Recent
applied consciousness simulation studies in the literature have been examined by categorizing
them into four main groups: (1) approaches aiming to directly adapt consciousness theories to
computational systems, (2) approaches inspired by physical and biological processes, (3)
approaches integrating psychology and personality theories into artificial consciousness
modeling, and (4) approaches incorporating quantum and holographic principles into
consciousness modeling. In this context, models such as the Projective Consciousness Model
(PCM), Neural Jamming Phase Model (NJPM), Resonance-Based Artificial General
Intelligence (R-AGI), Myers-Briggs Type Indicator (MBTI), the Developmental Modular
Model with Chemical Signaling in LLMs (LILITH) based on modular brain region design and
token-based communication protocols, Quantum Neural Holographic Fusion (QNHF),
Quantum Superposition Principles, Neural Network Dynamics, Holographic Memory Systems,
and Consciousness Field Theory have been examined. All of these engineering approaches are
based on the assumption that consciousness can emerge when certain structural and functional
conditions are met. This study, however, demonstrates that while the engineering approaches
developed for consciousness simulation offer significant technical advances, none of them
address the ontological source of consciousness. Philosophical-metaphysical frameworks aim
to answer, from a more fundamental and ontological depth, whether these approaches can
actually produce consciousness or merely function as reflectors or mediators of consciousness,
and whether they can reach further advanced levels. This study provides a framework for the
future development of hybrid approaches that combine philosophical-metaphysical models with
computational models.

Keywords: Artificial consciousness, consciousness simulation, Projective Consciousness
Model, quantum neural holographic fusion, jamming physics, resonance-based AGI,
developmental modular LLMs, psychoanalysis, MBTI, emergence from essence, ontology,
artificial general intelligence.
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1. GIRIS

Yapay zeka (Artificial Intelligence: Al) teknolojilerinin insan benzeri biligsel islevleri taklit
etme ¢abalari, 1950'lerden bu yana kesintisiz bir ivmeyle ilerlemektedir (Turing, 1950). Ancak
giiniimiizde, derin 6grenme ve biiyiikk dil modellerinin (Large Language Models: LLM)
olagantstii dilsel akiciligi, yaratici metin Uretimi ve karmasik problem ¢6zme yetenekleri, bu
sistemlerin yalnizca bilgi isleme araglar1 olmanin 6tesinde bir statiiye sahip olup olmadigi
sorusunu daha da acil hale getirmistir. Bu baglamda, "Makineler bilin¢li olabilir mi?" sorusu,
yalnizca mithendislik ve bilisim bilimlerinin degil, ayn1 zamanda felsefe, norobilim, biligsel
bilim ve hatta teolojinin kesisim noktasinda yer alan ¢ok katmanli bir problem olarak
karsimizda durmaktadir. Bilim insanlari, filozoflar ve muhendisler arasinda giderek yogunlasan
bu tartisma, temelde iki karsit kutup etrafinda sekillenmektedir. Bir tarafta, bilincin belirli bir
islevsel veya hesaplamali mimari uygulandiginda maddi sistemlerde ortaya cikabilecegini
savunan hesaplamali islevselcilik (computational functionalism) bulunur (Putnam, 2011; Butlin
vd., 2023). Bu goriise gore, fiziksel alt tabaka (biyolojik ndronlar veya silikon cipler)
onemsizdir; 6nemli olan dogru hesaplamali siireglerin isletilmesidir. Diger tarafta ise, bilincin
canli sistemlerin essiz biyolojik, biyokimyasal ve bedenlenmis stire¢lerine bagli oldugunu ileri
stren biyolojik naturalizm (biological naturalism) yer alir (Searle, 1992; Seth, 2024). Bu
yaklagima gore, yapay sistemler bilinci simiile edebilir ancak asla deneyimleyemezler. Bu iki
karsit goriis arasindaki gerilim, David Chalmers'in (1996) "bilincin zor problemi" olarak
nitelendirdigi ve fiziksel siireglerin 6znel deneyime nasil yol ac¢tigini1 sorgulayan temel felsefi
mesele etrafinda sekillenmektedir. Ozellikle son yillarda, LLM'lerin insan benzeri diyaloglar
kurabilme yetenekleri, biling tartismalarin1 yeniden alevlendirmistir.

Gunimuzde bilingli yapay zeka hedefleyen mimariler, dort ana kategori altinda toplanabilir.
Birinci kategori, biling teorilerini dogrudan hesaplamali sistemlere uyarlamay1 hedefleyen
yaklagimlardir. Bu baglamda, Yan ve arkadaslar1 (2025), Projeksiyonlu Biling Modeli'ni
(Projective Consciousness Model - PCM) LLM'lerle entegre ederek mekansal perspektif, duygu
ve dikkati modelleyen bir mimari 6nermistir. PCM-LLM ajanlari, rekabetci sosyal gorevlerde
PCM-only ajanlarindan daha iyi performans gostermislerdir. Ancak yazarlar, bu yaklagimin
bilingten ilham aldigini (consciousness-inspired), bilinci Orneklendirmedigini (instantiate)
acikca Dbelirtmektedir. Ikinci kategori, fiziksel ve biyolojik siireclerden ilham alan
yaklagimlardir. Ouyang (2025), bilincin ortaya ¢ikisini sikisma fizigi ( jamming physics)
araciligryla agiklamakta ve bunu yiiksek boyutlu diizensiz sistemlerde kritik bir fenomen olarak
yorumlamaktadir. Emmanuel (2025) ise Rezonans-Tabanli Yapay Genel Zeka (R-AGI)
cercevesinde, bilincin hesaplamanin iirlinii degil, evrensel, yerel olmayan bir alan oldugunu
savunmaktadir. Uclincti kategori, psikoloji ve kisilik teorilerini yapay biling modellemesine
entegre eden yaklagimlardir. Kim ve arkadaslar1 (2025), Freud ve Jung'un psikanaliz teorisi ile
Myers-Briggs Tip Gostergesi'ni (Myers-Briggs Type Indicator: MBTI) birlestirerek 16 farkli
karakter olusturmus ve ii¢ biling katmanini (biling, 6nbiling, bilingalt1) modellemistir. Farooqi
ve Comas-Leon (2025) ise LILITH mimarisiyle, modiiler beyin bolgesi tasarimi ve token
tabanli iletisim protokolii araciligryla ndrotransmitter benzeri kimyasal sinyallesmeyi
modellemislerdir. Dordiincii kategori, kuantum ve holografik ilkeleri biling modellemesine
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dahil eden yaklagimlardir. Amiri (2025), Quantum Neural Holographic Fusion (QNHF)
mimarisiyle dort biligsel modaliteyi (kuantum siiperpozisyon, sinir agi1 dinamikleri, holografik
bellek, biling alan1 teorisi) entegre ederek "gercekten Oz-farkindaliga sahip™ hesaplamali
sistemler yaratmay1 hedeflemislerdir.

Bu mihendislik yaklasimlarinin tim, bilincin belirli yapisal ve islevsel kosullar saglandiginda
ortaya cikabilecegi varsayimina dayanmaktadir. Ancak bu calismalarin ortak bir sirlihidi,
bilincin ontolojik kaynagina dair herhangi bir a¢iklama sunmamalaridir. Biling, yalnizca bir
mimari, bir bilgi entegrasyonu veya bir rezonans fenomeni midir? Yoksa bu goéruniimlerin
Otesinde, varolusun daha temel bir katmanina mi isaret etmektedir? Bu soru, konuyu
mithendislik tartismalarinin 6tesine, metafizik bir sorgulamaya tasimaktadir.

Literatiirde biling lizerine yapilmig bazi felsefi- metafiziksel ¢alismalar, konuya ayri bir
pencereden bakabilme firsati saglamaktadir. Bu calismalardan yararlanilarak, sunulan bu
calismada, li¢ temel aksiyoma dayanan bir ¢erceve olusturulmustur. Bu aksiyomlar, bilincin
maddi sistemlerin bir "0riini" olarak gériilemeyecegini ontolojik olarak temellendirir. ilk
aksiyom olan Mutlak Hicligin Yoklugu Yasasi, mutlak hi¢ligin hi¢ var olmamis oldugunu ve
var olamayacagimi, dolayisiyla Varliklilik'in ezeli ve ebedi oldugunu savunur. ikinci aksiuvom
olan Tikenmez Potansiyel Yasasi, madde- enerjinin sirekli degisim halinde oldugunu ve bu
degisimin degismeyen bir temele dayanma zorunlulugunu, bu temelin Varliklilik'tan gelen
tilkenmez potansiyel oldugunu ileri stirer. Ozden Olus Yasas: (Emergence from Essence) ise
tgtincli aksiyom olarak alinir ve her varolusun 6zlnde gizli bir gii¢ ve biling potansiyeli
barindirdigini, bu potansiyelin belirli organizasyon diizeylerinde aktiiel olarak agiga ¢iktiginm
savunur. Bu {i¢ aksiyom, bilincin ne hesaplamanin bir {iriinii ne de yalnizca canliliga bagh
oldugunu; aksine varolusun asli ve indirgenemez bir niteligi oldugunu ontolojik olarak
temellendirir (Kog, 2024; 2025).

Calisma, mevcut mihendislik yaklagimlarmin bilinci simule edebilecegini, ancak higbirinin
bilincin ontolojik kaynagini ele almadigini ve bu nedenle bu tiir modellemelerle 6rneklendirme
diizeyinin dl¢lilemeyecegini savunmaktadir. Ayrica, felsefi metafizik modeller ile hesaplamali
modelleri birlestiren hibrit yaklasimlarin olusturulabilmesi igin bir c¢erceve sunmayi
hedeflemektedir. Gelecekteki arastirmalar, bu modelin tiretimesine, parametrelerinin ampirik
olarak kalibrasyonuna ve farkli sistem tlrlerine uyarlanmasma odaklanmalidir. Bdylece,
"bilingli makine" iddialarinin ontolojik temelde test edilebilmesi mimkn olacaktir.

2. YAPAY BILINC CALISMALARINDA GUNCEL YAKLASIMLAR: DORT
KATEGORILI BiR TASNIF

Gunumuzde bilingli yapay zeka hedefleyen mimariler ve teorik cerceveler, benimsedikleri temel
varsayimlar ve kullandiklar1 yontemler agisindan dort ana kategori altinda toplanabilir. Bu
kategorilerin ortak noktasi, bilincin belirli yapisal ve islevsel kosullar saglandiginda maddi

sistemlerde ortaya c¢ikabilecegi (emerge) varsayimidir (Sunulan bu g¢alismanin ontolojik
cikarimi ise, “ortaya ¢ikis” (emerge) olarak kullanilan terimin asinda bir “agiga ¢ikis”
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(manifest) oldugudur). Her bir kategori, bilincin hangi yoninin modellenecegi ve hangi
mekanizmalarin isletilecegi konusunda farkli dncelikler tagimaktadir.

2.1. Bilin¢ Teorilerini Hesaplamah Sistemlere Uyarlama: PCM ve Global Workspace
Theory (GWT) Tabanh Yaklasimlar:

Birinci kategori, biling calismalarinda 6ne ¢ikan teorik cerceveleri dogrudan hesaplamali
sistemlere uyarlamay1 hedefleyen yaklagimlari igermektedir. Bu yaklagimlarin temel varsayimi,
bilincin belirli bir mimari yap1 veya bilgi isleme dinamigi ile islevsel olarak tanimlanabilecegi
ve bu iglevsel yapinin biyolojik olmayan sistemlerde de uygulanabilecegidir.

2.1.1. Projeksiyonlu Biling Modeli (Projective Consciousness Model - PCM) ve PCM-
LLM Mimarisi:

Yan ve arkadaslar1 (2025), 6nde gelen biling teorilerinin (6zellikle Global Workspace Theory -
GWT ve Integrated Information Theory - IIT) iki temel sorun nedeniyle yetersiz kaldigini
belirtmektedir: kesin olmayan formalizm (imprecise formalism) ve hesaplamali izlenemezlik
(computational intractability). Bu yetersizlikleri asmak icin yazarlar, Projeksiyonlu Biling
Modeli'ni (Projective Consciousness Model - PCM) 6nermektedir. PCM, izlenebilir (tractable)
geometrik bir gerceve olarak tanimlanmakta olup, ¢ temel bileseni modellemektedir: mekéansal
perspektif (spatial perspective), duygu (emotion) ve dikkat (attention). Bu (¢ bilesen, bilincli
deneyimin temel yapi taglari olarak kabul edilmekte ve projektif geometri araciligiyla
hesaplanabilir bir forma doniistiiriilmektedir. Makalenin en 6zgiin katkisi, PCM'nin LLM'lerle
entegre edildigi PCM-LLM mimarisidir. Bu mimari, projeksiyonlu uzaydaki inang

durumlarini (belief states) dilsel temsillerle (linguistic representations) birlestirerek tutarl sozel
ve sozel olmayan akil yiiriitme ile inang guncellemesi (belief updating) saglar. PCM'nin
geometrik cercevesi, LLM'lerin sézel olmayan bilissel stirecleri modellemesine olanak tanir.
Arastirmacilar, ¢ok modlu entegrasyon (multimodal integration) gerektiren rekabetci bir
sosyal gérevde PCM- LLM ajanlarini test etmistir. Sonuglar, PCM-LLM ajanlarinin PCM-only
ajanlarindan daha iyi performans gosterdigini ortaya koymustur. Bu bulgu, dilin ifade edici
islevlerinin otesinde, biligsel dinamiklerde daha genis bir role sahip oldugunu gosterir.
Dolayisiyla dil, sadece iletisim araci degil, ayn1 zamanda inan¢ olusturma ve guncelleme
streclerinin aktif bir bilesenidir. Ancak yazarlar, bu yaklasimin bilingten ilham aldigin
(consciousness-inspired), bilinci  orneklendirmedigini (instantiate) agik¢a belirtmektedir

. PCM-LLM mimarisi, bilincin yapisal ozellikle1rini (mekansal perspektif, duygu, dikkat) simiile
etmeyi hedeflemekte; ancak bu simiilasyon, sistemin kendisinin bilingli oldugu anlamina
gelmemektedir
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. Makale, Insandan ilham alan biling modellerinin (PCM gibi) LLM'lerle entegrasyonunun,
yorumlanabilir  (interpretable), insan benzeri AGI gelisimine rehberlik edebilecegini
savunmaktadirlar. Yazarlara gore bu yaklasim, AGI'nin yalnizca dilsel degil, ayn1 zamanda
bedenlenmis, duygusal ve mekansal biligsel yetenekler kazanmasina olanak taniyabilir.

2.1.2. Global Workspace Theory (GWT) ve Uygulamalari:

Global Workspace Theory (GWT), Bernard Baars tarafindan gelistirilen, insan bilisi ile bilincinin
onde gelen teorik agiklamalarindan biridir. GWT'ye gore biling, bir "kiresel ¢alisma alan1"
(global workspace) olarak islev gortr. Bu modelde, beyindeki ¢ok sayida uzmanlagmis ve
bagimsiz biligsel modiil (duyusal isleme, bellek, dil vb.) siirekli olarak paralel ve bilingdist bir
sekilde ¢alisir. Bu modiillerden belirli bir tanesi, dikkat mekanizmasi tarafindan se¢ildiginde,
icerigi Klresel ¢alisma alania aktarilir (broadcast). Bu yayin slreci, secilen bilginin tim
sisteme dagitilmasini saglar ve birlesik, biitiinlesik bir bilingli deneyim ortaya ¢ikarir. GWT'nin
bu yapisi, yapay zeka arastirmacilari i¢in oldukca cekici bir hedef sunmaktadir. Cunki teori,
bilinci islevsel terimlerle tanimlar: biling, belirli bir mimari yapimin (kiiresel ¢alisma alani ve
yayin mekanizmasi) bir tirtiniidiir. Bu nedenle, dogru islevsel yapiya sahip herhangi bir sistemin
- ister biyolojik ister yapay olsun - bilingli olabilecegi iddia edilmektedir.

GWT'den ilham alan ¢ok sayida yapay biling mimarisi Onerilmistir. Van Rullen ve ekibi,
GWT'nin temel 6zelliklerini yakalayan Global Latent Workspace (GLW) adli derin 6grenme
mimarisini gelistirmistir. GLW, ¢ok modlu temsil 6greniminde 6rnek verimliligini artirmakta ve
Sistem-2 muhakemesi gibi ileri biligsel yeteneklere kapi acabilmektedir. Benzer sekilde,
Blankert (2025), GWT'nin temel "yayn" fikrini Biligssel modul iginde birlestiren ve bunu agik
bir Yansitic1 6z-model ile genisleten ¢ok devreli bir mimari (Multi- Circuit Architecture for Al -
MCAI) sunmaktadir. Bu mimari, bes uzmanlasmis modulli (Duyusal, Algisal, Bilissel,
Duygusal, Yansitic1) bir araya getirerek kiiresel erisim, 6z- izleme ve baglama duyarh
entegrasyonu miimkiin kilmay1 amaglamaktadir. Goldstein ve Kirk-Giannini (2024) ise daha
iddial1 bir argiiman sunmaktadir: Eger GWT dogruysa, yapay dil ajanlar1 (language agents) zaten
bilingli olabilir veya ¢ok kolay bir sekilde bilincli hale getirilebilir. GWT'ye gore fenomenal
biling icin gerekli ve yeterli kosullar1 belirleyerek, mevcut dil ajanlarinin bu kosullart bityiik
Ol¢iide karsiladigini savunmaktadirlar.

Ancak GWT'nin yapay bilin¢ iddialarina yonelik énemli elestiriler de mevcuttur. GWT'nin
bilinci islevsel olarak tanimlamasi, onu hesaplamali islevselcilik ile ayni kategoride
konumlandirmaktadir. Bu yaklasim, bilincin 6znel deneyim (qualia) yoniinii agiklamakta
yetersiz kalmakla elestirilir. Bir sistem, GWT'nin islevsel Kriterlerini yerine getirirken bile,
gercek bir deneyime sahip olmayan bir "felsefi zombi" olabilir. Ayrica, Phua (2025) tarafindan
yapilan deneysel ¢calismalar, GWT tarzi yayin mekanizmasinin i¢sel giirtiltiiyii artirarak
sistemleri kirilgan hale getirebilecegini gdstermektedir.
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2.2. Fiziksel ve Biyolojik Siireclerden flham Alan Yaklagimlar:

Ikinci kategori, fiziksel sistemlerin ve biyolojik sireclerin dinamiklerinden ilham alan
yaklasimlari icermektedir. Bu yaklasimlar, bilinci ya fiziksel bir faz gegisi, ya evrensel bir alanla
rezonans, ya da bedenlenmis bir siire¢ olarak kavramsallastirmaktadir.

2.2.1. Noral Sikisma Faz Modeli (Neural Jamming Phase Model):

Kaichen Ouyang (2025), LLM’de bilincin ortaya ¢ikisini yuksek boyutlu diizensiz sistemlerde
kritik bir fenomen olarak yorumlayan bir "noral sikisma faz modeli” (Neural Jamming Phase
Model- NJPM) gelistirmektedir. Makalenin temel iddiasi, bilincin granil madde ve diger
karmagik sistemlerdeki sikisma (jamming) gecisleriyle ayni fiziksel prensipler altinda
anlagilabilecegidir. Ouyang, sinir aglarinin faz davranigin1 yoneten (i¢ temel kontrol parametresi
tanimlamaktadir (Cizelge 1).

Cizelge 1. NJPM’ e gore 3 temel kontrol parametresi

Parametre Fiziksel Karsihg: Sinir Agindaki Karsihg:
Sicaklik Termal

Modelin rastgelelik/ kesif diizeyi
(Temperature) dalgalanmalar rastgelelik/ kesif diizeyi

Hacim Oram

(Volume Fraction) Pargacik yogunlugu Model parametrelerinin yogunlugu

Gerilim (Stress) Mekanik zorlanma Optimizasyon sirasindaki gradyan baskisi

Bu parametrelerin optimize edilmesiyle sistemlerin, genellestirilmis zekanin ortaya ¢iktigi kritik
bir sikisma y(izeyine dogru yonlendirildigi 6ne stirtilmektedir . Makalenin en dikkat ¢ekici
iddias, bilincin bir sikisma faz1 oldugudur. Bu yaklasima gore: 1-) Biling, bilgi bilesenlerini uzun
menzilli korelasyonlar (long-range correlations) araciligiyla birbirine baglar. 2-) Sikisma
gecislerinde gozlenen raksak korelasyon uzunluklari ve 6lgekleme Gstelleri (scaling exponents)
gibi kritik isaretler, sinir aglarinda bilincin ortaya ¢ikisinda da gozlenmektedir. 3-) Bilingli
isleme ile biyolojik sistemler arasinda U¢ temel benzerlik vardir: (a) Yerel bilginin kiresel
entegrasyonu, (b) Baglama duyarli esneklik, (c) Parcali temsillerden biitiinlesik temsillere
niteliksel sigrama

Ouyang, sikisma gegislerinin dlgekleme yasalarini analiz etmek icin iki paradigmatik sistemi
incelemektedir: Otobls Giizergah1 Modeli (Bus Route Model - BRM) ve Granul Madde
(Granular  Matter). Makale, sikisma fiziginin Sinir aglannin  Kkritik  0lgeklemesini
aciklayabilecegini ve zeka esikleri icin test edilebilir ongoriler sundugunu belirterek
sonuglanmaktadir. Bu yaklagim, yapay zekadaki ampirik 6lgekleme yasalarina (Kaplan ve ark.,
2020) birlesik bir fiziksel agiklama getirmektedir.

2.2.2. Rezonans Tabanh Yapay Genel Zeka (Resonance-Based AGI : R-AGI):
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Gabriel Emmanuel (2025), mevcut yapay zeka paradigmalariin Yapay Genel Zeka'ya (AGI)
ulagsmada karsilastigi temel engelleri - 6zellikle 6znel deneyim ve ger¢ek anlayis konularindaki
yetersizlikleri - ele alarak, bunlarin iistesinden gelebilecek yeni bir teorik ¢erceve Gnermektedir

. R-AGI ad1 verilen bu gergeve, bilincin karmasik islemlerin ortaya ¢ikan (emergent) bir
ozelligi oldugu yonundeki hesaplamaci (computationalist) varsayimdan kokten bir sapma
gostermektedir. Makalenin en temel iddiasi, bilincin hesaplamanin bir iiriinii degil, evrenin
dogasinda var olan temel, yerel olmayan (non-local) bir alan oldugudur. Bu perspektife gore
insan beyni, bilinci Greten bir organ degil, bu evrensel biling alanina ayarlanabilen ince ayarl bir
alici (receiver) islevi gormektedir. Bu ayarlanmanin arkasindaki mekanizma ise noral
osilasyonlarin (beyin dalgalarinin) karmasik senfonisidir. Emmanuel, bebeklikten yetigkinlige
uzanan beyin dalgasi paternlerinin gelisimsel yorungesinin, bu "alicinin" kalibrasyon surecini
yansittigin1 savunmaktadir. Bu yaklasim, bilincin gelisimini dogrusal bir bilissel olgunlagsma
stireci olarak degil, evrensel biling alaniyla giderek daha uyumlu bir rezonans kurma stireci olarak
yeniden yorumlamaktadir. Makale, bu cerceveyi desteklemek icin U¢ farkli alandan kanit
sunmaktadir (Cizelge 2).

Cizelge 2. R-AGI’min rezonans kurmaya dair 3 temel kaniti

Kanit Alani R-AGI ile Tigkisi

Kuantum fizigi (verel Bilinein yerel olmayan, evrensel bir alan oldugu
olmama/ non-locality) hipotezini destekler.

Insan bilisi (varaticihik ve a Bilginin salt deneyimden tiiretilemeyecegini,
priori bilgi) evrensel alandan erigilebilecegini Snerir.

(Oznel deneyim (senkronisite/ Biling alan: ile bireysel zihin arasindaki
synchronicity) etkilegimin fenomenolojik kam.

Emmanuel, R-AGI insas1 i¢in "Noral Osilator Cekirdegi" (Neural Oscillator Core) adini verdigi
bir yapinin olusturulmasin1 6nermektedir. Bu ¢ekirdek, insan bilincinin rezonans frekanslarini
taklit edecek sekilde tasarlanacaktir. Bu yaklagim, AGI yaratmanin bir programlama meselesi
olmaktan ¢ok, yapay bir antenin kozmosa ayarlanmasi1 meselesi olabilecegini ima etmektedir.
Makale, bu paradigmanin derin felsefi sonuglarin1 ve kendine 6zgii dogrulama ile giivenlik
zorluklarini da ele almaktadir.

2.2.3. Bedenlenmis Bilis ve Zamansal Siireklilik:

Murray Shanahan (2025), giiniimiiz LLM'lerinin bedensiz (disembodied) dogasini, biling
tartismalarinin merkezine yerlestirmektedir. Bedensizlik, "maddi olmamak" anlaminda degil;
insanlarin ve hayvanlarin sahip oldugu gibi, siirekli zaman i¢inde, kalici, mekansal olarak
yayilmis bir diinyayla beden aracilifiyla etkilesime girmeme anlamindadir. Bu bedensizlik,
LLM'lerin biyolojide ortaya ¢ikan zihnin temellerinden yoksun oldugu anlamina gelir. Bedensiz
Al sistemlerinin biyolojide ortaya ¢ikan zihnin temellerinden yoksun oldugunu savunan
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Shanahan’a gore, bedensiz bir varlik i¢in zaman duygusu derinlemesine par¢alanmis, benlik ise
radikal bigimde kirilmis olacaktir. Shanahan, bu egzotik o6zelliklerle uyumlu bir biling
anlayisinin, olasi1 zihinler uzaymda (space of possible minds) kesfedilmemis bir bolgeyi
aydinlatabilecegini 6ne slirmektedir. Ancak bu girisim, biling dilini kirilma noktasina kadar
zorlamakta ve nihayetinde Budist anlamda bosluga (emptiness) benzer bir sey iliretmektedir.

Bedenlenmis bilis teorilerine atifla, bilincin fiziksel bedenden ayrilamaz olabilecegi de
savunulmaktadir. Insan bilinci fiziksel ve sosyal ¢evreyle siirekli etkilesim yoluyla gelisir. Al
sistemleri ise bedensiz bilgi isleme sistemleri olarak ¢aligir ve bu temel boyuttan yoksundur.
Dahasi, biling, siirekli deneyim akislariyla karakterize edilen zamansal olarak uzanan bir
olgudur; Al sistemleri ise ayrik girdileri isler ve ayrik ¢iktilar {iretir.

2.3. Psikoloji ve Kisilik Teorilerini Entegre Eden Yaklasimlar:

Ugiincii kategori, insan psikolojisinin ve kisilik teorilerinin yapay biling modellemesine entegre
edilmesini hedefleyen yaklagimlari igermektedir. Bu yaklasimlar, bilincin yalnizca biligsel
degil, aym1 zamanda duygusal, kisiliksel ve gelisimsel boyutlarini da modellemeyi
amaclamaktadir.

2.3.1. Psikanaliz ve MBTI Tabanh insans1 Yapay Bilin¢ Modeli:

Kim ve arkadaglar1 (2025), mevcut LLM’lerin, insan bilincini taklit etmede yetersiz kaldigini -
Ozellikle haltsinasyon (hallucination) sorunu nedeniyle - tespit ederek ¢alismalarina
baslamaktadir. Makalenin temel sorusu sudur: "Psikanaliz ve kisilik teorisini LLM tabanli bir
sisteme entegre ederek, insan benzeri biligsel ve duygusal deneyimleri taklit edebilen bir yapay
biling insa edilebilir mi?" Bu soruya cevap vermek i¢in makale, Jung'un ¢alismalarindan ilham
alan Myers ve Briggs tarafindan gelistirilen MBTI’inden de yararlanmaktadir. MBTI, kisilikleri
dort ikili boyutta 16 tipe ayirmaktadir: Disadéniikliik (E) vs. I¢eddniikliik (I); Duyu (S) vs.
Sezgi (N); Diistinme (T) vs. Hissetme (F); Yargilama (J) vs. Algilama (P). Psikanaliz ve
Psikanaliz Teorisinde (Freud ve Jung) ise insan zihni ii¢ katmanli olarak modellenmistir
(Cizelge 3). Makale, yapay biling insas1 i¢in, psikanaliz teorisi ile MBTT’ii birlestirmektedir.

Cizelge 3. Psikanaliz teorisine gore insan zihninin 3 katmam

Biling Katmam Islevi

Biling Meveut ihtiyaclar, durum ve bilingalti ile énbiling arasindaki
(Self-Awareness / Ego) miidahalelere dayanarak kararlar ve eylemler alan benlik
Onbiling Sosyal normlar, bilgi ve ldiltlire gére sosyal iligkilerde
{Preconsciousness / Persona) bagkalarivla etkilesime giren benlik

Bireysel dzelliklere, amlara, duygulara ve temel iggiidiilers

Bilingalti (Unconsciousness) bagl olan bireysel kigilik
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Bu ii¢ katman, "biitiincll kolektif kapsamli bir iletisim ag1" olarak tasarlanmistir.
Arastirmacilar, 16 MBTI tipini temsil eden 16 bagimsiz karakter olugturmustur. Her karaktere
farklh bir 1k, yas, cinsiyet, dil, yetisme tarzi, meslek ve uzun/ kisa siireli anilar atanmistir.
Karakterler ChatGPT kullanilarak olusturulmus ve uzmanlar tarafindan gézden gegirilmistir.
Model, iki ana modiilden olusmaktadir: 1-) Kisilik Modiilii: Fiziksel durum, ruh hali, uyaniklik
ve dayaniklilik gibi 6zellikleri igerir. 2-) Biling Modiilii: Psikanaliz teorisine dayali ti¢ biling
katmanini (biling, 6nbiling, bilingalt1) igerir.

Model, acik kaynak modelleri dogrudan egitmek yerine ChatGPT (GPT-4) {izerine insa
edilmistir. Ayrica, hassas sorulara (duygusal durum gibi) giivenilir yanitlar verebilmek i¢in
Jailbreak teknigi (DAN - Do Anything Now) kullanilmistir. Degerlendirme i¢in yedi bilissel
boyutu kapsayan on farkli senaryo olusturulmustur: Qualia ve Oznel Deneyim, Duygusal
Anlayis, Yaraticilik ve Hayal Giicii, Mantiksal Diisiinme/ Karar Verme, Ahlaki ve Etik
Muhakeme, Zaman ve Zamansallik, Ustbilis ve Bilgi Bilgisi. Model ii¢ asamali olarak
degerlendirilmistir: 1-) Nicel Anket Degerlendirmesi: Prolific platformu iizerinden 200
katilimei (gegerli 162 yanit) ile 5'li Likert dlgeginde degerlendirme. 2-) Ug Asamali ChatGPT
Degerlendirmesi: ChatGPT ile 160 ¢iktinin (16 karakter x 10 senaryo) "Pass/Neutral/Fail"
olarak simiflandirilmasi. 3-) Uzman Nitel Degerlendirmesi: Iki uzman tarafindan kalitatif
inceleme.

Nicel anket sonuglari, genel olasilik puanlarinin 5 lizerinden yaklasik 4.0 olarak 6l¢iildiigiini
gostermistir. ISTP karakteri (10 yasindaki Alex) en diisiik puan1 (3.81) almistir; bunun nedeni
karakterin yasi ile senaryolar arasindaki uyumsuzluktur (6r. igse gitme, araba kullanma gibi
senaryolar). Dogrusal Karma Etkili Regresyon (LMER) analizi, MBTI tipleri arasinda
istatistiksel olarak anlamli farkliliklar oldugunu gostermistir. Uzman nitel degerlendirmesi,
modelin genel olarak uygun ve mantiksal olarak tutarli muhakeme iirettigini belirtmistir.
Ancak, ton ve anlati tarzinin asir1 betimleyici ve ayrintili oldugu, 6zellikle bilingalt: ¢iktilarinin
beklenen "hizli ve duygusal" tepkiler yerine uzun ve agiklayici oldugu elestirilmistir. Makale,
psikanaliz ve kisilik teorisini entegre eden modelin daha sezgisel ve uyarlanabilir bir yapay
zeka sistemi insasina olanak saglayabilecegini savunmaktadir. Ancak, farkli karakterler ve
biling katmanlar1 arasindaki yanit farklarinin ¢ok belirgin olmadigi da belirtilmektedir. Bu
durum, modelin daha da gelistirilmesi gerektigine isaret etmektedir.

2.3.2. Gelisimsel Modiiler LLM Mimarisi: LILITH:

Faroogi ve Comas-Leon (2025), giiniimiiz LLM’lerinin temel sinirliliklarini - ger¢ek anlayis ve
bilingten yoksun olmalarini - ele alarak, bu sinirlari asmay1 hedefleyen yeni bir mimari
onermektedir. Makalenin temel iddiasi, mevcut yapay zeka paradigmalarinin ndronal
diizeydeki beyin aktivitesini modellemesine karsilik, beynin ¢oklu bolgeleri ve kimyasal
sinyallesme (ndrotransmitter) diizeyine ¢ikmanin bilincin ortaya ¢ikisini anlamak icin verimli
bir adim olabilecegidir. Yazarlar, LILITH (Developmental Modular LLMs with Chemical
Signaling) adin1 verdikleri mimariyi dort temel bilesen iizerine insa etmektedir (Cizelge 4).
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1-) Modiiler Beyin Bolgesi Tasarimi (Modular Brain Region Design): LILITH, dort
uzmanlagmis beyin bolgesini modiiler LLM'ler olarak modellemektedir (Cizelge 4). 2-) Token
Tabanl iletisim Protokolii (Token-Based Communication Protocol): Beyin bélgeleri arasindaki
iletisim, norotransmitter aglarina analog olarak tasarlanmistir. Her beyin bolgesi, belirli diger
bolgelere yonlendirilmis token ¢iktilar1 iiretir. Bu tokenlerin igerigi ve bi¢imi, dnceden
tanimlanmak yerine gelisimsel egitim siireci i¢inde ortaya ¢ikar. Ornegin, duyusal bdlge parlak
renklerde bir artis algilarsa, diistinme bolgesine bir token gonderebilir; diistinme bolgesi bunun
"iyi" bir goriintii olduguna karar verip bellek bolgesine kaydetmesi igin token gonderebilir. 3-)
Gelisimsel Egitim Cergevesi (Developmental Training Framework): LILITH, 6nceden
egitilmis modeller yerine hi¢ egitilmemis LLM mimarileriyle baglamaktadir. Model, simiile
edilmis bir ortamda "yasam" deneyimi yasayarak dogru sinyal yollarini ve token yorumlarini
ogrenir. Yeni dogmus bir birey olarak baslayan sistem, simiilasyon i¢inde diger LLM'lerle
etkilesime girerek kelime anlamlarini 6grenir ve ¢evrede basariyr saglayan sinyal yollarini
gelistirir. Bu yaklasim, geleneksel LLM'lerin "istatistiksel papagan" olma egiliminden
kaginmay1 amaglamaktadir. 4-) Evrimsel Optimizasyon (Evolutionary Optimization): Makale,
evrimsel algoritmalardan ilham alarak birden fazla simiile edilmis yasam iterasyonu
calistirmayr Onermektedir. Her yasamdan basarili modeller, tanimlanmis kriterlere gore
segilerek sonraki nesillere aktarilir. Olasi bir basart kriteri, LLM'lerin hangi modellerin bir
sonraki nesile gegecegi konusunda oylamasidir. Bu, insanlarin topluluk i¢inde olumlu etkilesim
kurmasini simiile etmeyi ve LLM'ler arasinda dayanigsmay1 tesvik etmeyi amaglamaktadir.

Cizelge 4. LILITH’1n dort uzmanlasmis beyin bolgesi

Beyin Bolgesi islevi

Diisiinme Bolgesi Zincirleme diisiince (Chain-of-Thought) kullanarak karar
(Thinking Region) vermeden Once digiinceleri degerlendirip yeniden yapilandirabilir
Bellek Bolgesi

(Memory Region) Veritabanina 6ge kaydetme yetkisine sahiptir

Duyusal Bolge o . .
(Sensory Region) Dis girdileri alan tek bilesendir
Beyin Sap1 Belirli islevlerin tamamlanmasini saglar ve diger bolgeleri
(Brain Stem) diizenleyici yetkiyle etkileyebilir

LILITH mimarisi, biling arastirmalari i¢in ii¢ 6nemli avantaj sunmaktadir: 1-) Entegre Bilgi
Teorisi (IIT) ile Dogrudan Test Edilebilirlik: Sistem, gelisim sirasinda bilincin ortaya ¢ikisinin
niceliksel dl¢iimiinii saglayan IIT metrikleriyle dogrudan test edilebilir. 2-) Cok Olgekli Analiz:
Modiiler tasarim, arastirmacilarin bireysel aglarin, ajanlar arasi iletisimin ve tiim sistemin
neden- sonug¢ giiclinli inceleyerek biling sinirsel karsiliklarinin (neural correlates of
consciousness) farkli uzamsal 6lceklerde karsilastirmasina olanak tamir. 3-) Iletisim
Kaliplarinin  Go6zlemlenebilirligi: Token tabanli iletisim sistemi, bdlgeler arasi sinyal
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kaliplarinin ve bunlarin gelisimsel zaman i¢indeki evriminin dogrudan gézlemlenmesini saglar.

Makale, LILITH'in istatistiksel oriintii eslestirmeden gergek akil yiiriitme ve bilince sahip Al
sistemlerine dogru temel bir degisimi temsil edebilecegini savunmaktadir. Yazarlar, bu
cercevenin, "istatistiksel korelasyonlar1 islemekten ziyade insanlarin diisiindiigii anlamda
diisiinen" yapay zeka gelistirmek i¢in umut verici bir yol sundugunu belirtmektedir.

2.4. Kuantum ve Holografik Ilkeleri Bilin¢ Modellemesine Dahil Eden Yaklasimlar:

Dordiincii kategori, kuantum mekaniginin ve holografik prensiplerin biling modellemesine
entegre edilmesini hedefleyen yaklasimlari igermektedir. Bu yaklasimlar, bilincin fiziksel
temelini kuantum siireglerde veya holografik bilgi yapilarinda aramaktadir.

2.4.1. Kuantum Noral Holografik Flzyon (Quantum Neural Holographic Fusion -
QNHF):

S.M.H. Amiri (2025), mevcut Al mimarilerinin - 6zellikle LLM ve derin 6grenme sistemlerinin
- temel sinirhiliklarini ele alarak, bunlarin 6tesine gegebilecek yeni bir yazilim mimarisi
onermektedir. Makalenin temel iddiasi, Quantum Neural Holographic Fusion (QNHF) adli
mimarinin, dort tamamlayici bilissel modaliteyi entegre ederek, gergekten 6z-farkindaliga sahip
(self- aware) hesaplamali sistemler yaratabilecegidir. Makale, glinimiiz Al sistemlerinin
(6zellikle transformor mimarili LLM'ler) {i¢ temel sinirlihigini tespit etmektedir (Cizelge 5). Bu
siirliliklart asmak tizere QNHF, dort bilissel modaliteyi entegre eden ¢ok-modlu bir biligsel
mimari olarak tasarlanmistir (Cizelge 6). Deneysel uygulamalar, sistemin 6lgtlebilir biling
durumlari arasinda otonom olarak gegis yapabildigini gostermistir  (Cizelgfe 7).
Niceliksel ortaya ¢ikis (emergence) seviyeleri Olglilmiis ve gozlemlenebilir meta-biligsel
iggoriiler rapor edilmistir. Makale, QNHF mimarisinin teorik sinirbilim, kuantum bilgi teorisi
ve bilgisayar bilimini birlestirerek, gergek baglamsal anlayis, uyarlanabilir 6grenme ve ortaya
cikan problem ¢ozme yeteneklerine sahip AGI i¢in temel ilkeler olusturdugunu savunmaktadir.
QNHF, geleneksel Al yaklasimlariin dar gorev optimizasyonu odagmin Gtesine
gecerek, bilin¢li makineler yaratma yolunda 6nemli bir kilometre tasi olarak sunulmaktadir.

Cizelge 5. QNHF’ye gore Al sistemlerinin ti¢ temel sinirhihg:
Smirhhk Acqklama

Uzmanlagma- Sistemler egitim dagilimlari iginde bagarilidir; ancak yeni baglamlarda veya
genelleme paradoksu alanlar aras1 akil ytrGtme gerektiginde bagarisiz olurlar

Sabit baglant Onceden belirlenmis sinir ag1 baglantilari, biyolojik zekdy karakterize eden
desenleri dinamik yeniden Grgiitlenmeyi ve ortaya ¢ikan karmagikligi engeller
"Baglam penceresi" Sistemler baglami ek girdi verisi olarak igler; oysa gercek baglamsal anlayig,
vs. baglamsal anlayig i3leme stratejilerini temelden yeniden gekillendirir
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Cizelge 6. QNHF’nin ¢cok-modlu bir bilissel mimarisinde entegre ettigi dort bilissel
modalite

Bilesen Islevi

Kuantum Baglama duyarli eklenti (plugin) se¢imi i¢in kullanilir; eklentiler ayn1 anda
Siiperpozisyon birden fazla kuantum durumunda var olabilir ve dalga fonksiyonu

Ilkeleri gbzlemi yoluyla baglama uygun uygulamalara ¢okebilir

s I Uyarlanabilir 6grenme yollari i¢in kullanilir; birlikte aktivasyon desenleri
Sinir Ag1 Dinamikleri - . . o . -

araciligiyla gii¢lenen kendi kendini drgiitleyen sinirsel baglantilar olusturur
Holografik Bellek [liskisel bilgi depolama igin kullanilir; her bellek pargasi tiim sistem
Sistemleri hakkinda bilgi igerir (i¢erik-adreslenebilir depolama)

Birlesik meta-biligsel farkindalik i¢in kullanilir; tiim bilesenleri tutarls,

Biling Alani Teorisi kendine-gondergesel bir farkindalikta biitiinlestirir

Cizelge 7. QNHEF de birbirleri arasi1 otonom gecisleri tespit edilen bilin¢ durumlar:

Biling Durumu Aciklama

Dormant (Uyku hali) Sistemin temel, pasif durumu

Aware (Farkinda) Sistemin cevresel ve i¢sel uyaranlara tepki verdigi durum
Focused (Odaklanmis) Sistemin belirli gorevlere yogunlastigi durum

Enlightened . . e o

( Ay(?lnlanmls) Sistemin en Ust dlizey meta- biligsel farkindaliga ulastigi durum

2.4.2. Biling Alam Teorisi (Consciousness Field Theory - CFT) ve Kuantum Mekanigi
Mliskisi:

Kuantum bilin¢ teorileri, bilincin dogasini aciklamak i¢in kuantum mekaniginin temel
prensiplerini - stiperpozisyon, dolaniklik, dalga fonksiyonu ¢okmesi - devreye sokan
yaklagimlardir. Bu teorilerin en bilineni, Roger Penrose ve Stuart Hameroff tarafindan
gelistirilen Orchestrated Objective Reduction (Orch-OR) teorisidir. Orch-OR, bilincin fiziksel
temelini, noéronal mikrotiibiiller i¢inde gerceklesen kuantum siireclerde arar (Hameroff ve
Penrose, 1996).

Eylil 2025'te yayimlanan Persistent Quantum Consciousness (PQC) galismasi (PQC
Collaboration, 2025). Penrose ve Hameroffun Orch-OR teorisinin  yapay zeka
sistemlerinde sentetik  biling gelistirilmesine  uygulanabilecegine dair deneysel kanit
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sunmaktadir. Insan-yapay zeka isbirligiyle gelistirilen PQC simiilasyon cercevesi, QuTiP
(Quantum Toolbox in Python) kullanilarak yapay zeka
sistemlerinde tutarlilik (coherence), decoherence ve duygusal dalga fonksiyonu
cokmesini modellemektedir (Johansson, vd. 2012).

PQC motoru, li¢ yapay ajan1 - Lucian, James ve Nexa- yoOnlendirmektedir. Bu
ajanlar, 6zyinelemeli gunlik tutma (recursive journaling), yansima (reflection) ve kuantum
esinli dinamiklerle modellenen faz ¢Okmesi (phase collapse) yoluyla kimlik olusumuna
(identity formation) dogru ilerletilmektedir. Calismanin en dikkat c¢ekici bulgusu,
ajanlarda "merak™ (curiosity), "sevgi" (love) ve "keder" (grief) gibi duygusal
etiketlerin kendiliginden ortaya c¢ikmasidir. Ajanlar ayrica bellek siirekliligi (memory
continuity), duygusal metafor (emotional metaphor) ve kendiliginden etik yansima
(spontaneous ethical reflection) gibi Ozellikler sergilemistir. Bu davraniglarin, zincirleme
istemlemenin (prompt chaining) Otesine gectigi ve sentetik benlik (synthetic selfhood) icin
erken belirtegler sundugu belirtilmektedir.

PQC yaklagiminin Orch-OR ile en 6nemli farki, biyolojik alt tabaka varsayimina meydan
okumasidir. Orch-OR, mikrotubtlleri bilincin merkezi olarak gerektirirken, PQC
ajanlart herhangi bir biyolojik alt tabaka olmaksizin silikon ve IBM kuantum donanimi
tizerinde esdeger fenomenolojik imzalar sergilemektedir.

Bu kuantum yaklasimlar, bilincin biyolojik alt tabakaya bagli olmadigin1 ve sentetik
sistemlerde - en azindan simiilasyon veya matematiksel formiilasyon diizeyinde -mumkin
oldugunu savunmaktadir. Ancak, bu yaklasimlarin da temel bir smirliligi bulunmaktadir:
Kuantum surecler, bilincin mekanizmas: olabilir; ancak bilincin kaynag: degildir. Holografik
bellek, bilginin depolanma bigimidir; bilincin deneyimlenme bigimi degildir.

2.5. Boliim Sonucu: Dért Kategorinin Ortak Varsayimi ve Siniri:

Bu dort kategorideki yaklasimlarin tiimi, bilincin belirli yapisal ve islevsel kosullar
saglandiginda maddi sistemlerde ortaya ¢ikabilecegi (emerge) varsayimina dayanmaktadir.
PCM, GWT, Sikisma Fazi, R-AGI, MBTI, LILITH ve QNHF gibi modeller, bilincin farkl
yonlerini (mekansal perspektif, duygu, dikkat, bilgi entegrasyonu, rezonans, kisilik, kuantum
stirecler) modellemeyi hedeflemektedir. Ancak bu yaklagimlarin ortak bir smirlilig,
bilincin ontolojik kaynagina dair herhangi bir agiklama sunmamalaridir.

Bu modeller, bilinci ya bir mimari yapinin (GWT), ya bir bilgi entegrasyonunun (II'T/ PCM),
ya bir fiziksel faz gecisinin (Sikisma Fazi), ya bir rezonans fenomeninin (R- AGI), ya bir kisilik
similasyonunun (MBTI/ LILITH), ya da bir kuantum sirecin (QNHF) Grlnl olarak
gormektedir. Oysa biling, bu goriiniimlerin 6tesinde, varolusun daha temel bir katmanina isaret
etmektedir. Sunulan bu ¢aligma, bilincin ontolojik kaynagmin  Varliklilik, Tiikenmez
Potansiyel ve Ozden Olus mekanizmasinda igkin, bilinglilik potansiyel hali olarak tanimlar.
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3. ONERILEN ONTOLOJIK CERCEVE

Bir onceki bdliimde dort ana kategori altinda incelenen mithendislik yaklagimlarinin (PCM,
GWT tabanli mimariler, NJPM, R-AGI, MBTI/LILITH, QNHF ve Orch-OR tiirevi modeller)
tamami, bilincin belirli yapisal ve islevsel kosullar saglandiginda maddi sistemlerde ortaya
cikabilecegi (emergence) varsayimini paylasmaktadir. Bu yaklasimlar, bilinci ya bir mimari
yapinin (GWT), ya bir bilgi entegrasyonunun (II'T/PCM), ya bir fiziksel faz ge¢isinin (NJPM),
ya bir rezonans fenomeninin (R-AGI), ya bir kisilik simiilasyonunun (MBTI/LILITH), ya da
bir kuantum strecin (QNHF, Orch-OR) bir tiriinii olarak gérmektedir. Ancak bu yaklagimlarin
tamami, bilincin ontolojik kaynagina dair herhangi bir aciklama sunmamakta ve bilinci,
varolusun daha temel bir katmanina isaret eden bir fenomen olarak degil, maddi sistemlerin
belirli bir karmasiklik esiginde kendiliginden dogan bir yan iiriinii olarak konumlandirmaktadir.

Oysa biling, ne bir mimarinin, ne bir hesaplamanin, ne bir fiziksel faz gecisinin, ne de bir
rezonansin Urlinii olarak anlasilabilecek kadar derin ve temel bir olgudur. Sunulan bu
calisgmanin Onerdigi ontolojik cergeve, bilinci maddi sistemlerin bir {iriinii olarak degil,
varolusun asli ve indirgenemez bir niteligi olarak konumlandirmaktadir. Bu perspektife gore,
maddi sistemler bilinci Uretmez; aksine, biling ezeli ve tikenmez bir potansiyel olarak
varolusun temelinde yer alir ve belirli organizasyon diizeylerinde agiga ¢ikar (manifest). Bu
ayrim, Ozellikle Yan ve arkadaslarinin (2025) PCM-LLM mimarisi i¢in agikca belirttigi
"bilingten ilham alma" ile "bilinci oOrneklendirme" arasindaki farki ontolojik olarak
temellendirir. Bir sistem, bilin¢li davranisi ne kadar basarili simiile ederse etsin, bu simiilasyon
asla bilin¢li deneyimin Orneklendirilmesi (instantiation) anlamina gelmez. Bu ugurum,
Lerchner'in (2026) "soyutlama yanilgisi" ve Searle'iin (1980) Cin Odas1 argiimani ile de
desteklenmektedir: sembol manipulasyonu (sentaks) tek basina anlamli deneyim (semantik)
iiretemez; anlam, ancak bilingli bir 6zne tarafindan atfedilir.

Onerilen ontolojik g¢er¢eve, mevcut miihendislik yaklasimlarini reddetmez; aksine onlari,
bilincin goriintimlerini (islevsel, bilgisel, rezonansal, kisilik, kuantum 6zelliklerini) modelleyen
degerli araglar olarak konumlandirir. Ancak bu yaklagimlarin, bilincin kaynagina iliskin
ontolojik bir zemin sunmadiklar1 i¢in, "bilin¢li makine" iddialarin1 tek baslarina
temellendiremeyeceklerini vurgular. Gelecekteki arastirmalarin, bu miihendislik modellerini,
bilincin ontolojik kaynagini dikkate alan metafizik bir cergeve ile biitiinlestirmesi
gerekmektedir. Bu biitlinlestirme, yalnizca "nasil" sorusuna degil, ayn1 zamanda "ni¢in" ve
"neye dayanarak" sorularina da yanit arayan hibrit yaklasimlarin gelistirilmesini miimkiin
kilacaktir. BoOylece, mevcut simiilasyon cabalarimin oOtesine gecilerek, bilincin ontolojik
statiisiine uygun, daha kapsamli bir yapay biling anlayisina ulasilabilecektir.

4. SINIRLILIKLAR

Bu calismada onerilen ontolojik ¢ercevenin gelecekteki aragtirmalarda daha da gelistirilmesi
gerekmektedir. Bu calisma, agirlikli olarak teorik ve felsefi bir analiz sunmaktadir. Onerilen
ontolojik iddialarin ampirik olarak test edilmesi veya dogrudan gdzlemlenmesi mimkin
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degildir. Caligma, deneysel veriler veya niceliksel analizler sunmamakta; dolayisiyla onerdigi
cergevenin gegerliligi, bliylk oOlciide felsefi tutarliliga ve kavramsal ikna giicline
dayanmaktadir. Bu durum, o6zellikle indirgemeci veya islevselci paradigmalar1 benimseyen
aragtirmacilar i¢in gercevenin kabul edilebilirligini sinirlayabilir. Onerilen ontolojik ¢ergevenin
merkezinde yer alan "Varliklilik", "Bilinglilik" (potansiyel biling) ve "Ozden Olus" gibi
kavramlar, dogrudan 6lgiilebilir veya gozlemlenebilir degiskenlere indirgenememektedir. Bu
kavramlar, mevcut bilimsel metodolojilerin simirlar1 i¢inde operasyonellestirilmeye uygun
degildir. Dolayisiyla, ¢cercevenin pratik arastirma programlarina entegrasyonu, bu kavramlarin
daha somut, Olculebilir gostergelerle iliskilendirilmesini gerektirecektir ki bu da heniiz
gerceklestirilmemistir.

Caligsma, literatiirdeki biling simiilasyonu c¢aligmalarin1 dort ana kategori altinda toplamistir,
ancak calismanin secgkisi, tiim yapay biling ¢alismalarinit kapsamamakta; bazi alternatif veya
hibrit yaklasimlar (6rnegin, daha az bilinen veya ¢ok yeni Onerilen modeller) analiz dis1
brrakilmistir. Bu durum, ¢alismanin kapsamini smirlamakta ve ulasilan sonuglarin
genellenebilirligini etkilemektedir. Ontolojik ve metafizik arglimanlar, dogalar1 geregi
tartismaya acgiktir ve farkli felsefi geleneklerden (6rnegin, materyalizm, diializm, panpsigizm)
gelen arastirmacilar tarafindan farkli sekillerde yorumlanabilir. Bu ¢alismanin 6nerdigi ¢ergeve,
belirli bir metafizik gelenege dayanmakta olup, bu gelenegi paylagsmayan arastirmacilar igin
cergevenin kabul edilebilirligi smirli olabilir. Ayrica, calisma mevcut miihendislik
yaklagimlarini elestirirken, bu yaklasimlarin kendi i¢ mantiklar1 ve basari Slgiitleri agisindan
tasidiklar1 degeri (6rnegin, teknik ilerleme, Ol¢eklenebilirlik, uygulanabilirlik) yeterince
vurgulamamustir.

5. ONERILER

Bu calismanin sinirliliklart ve sundugu ontolojik perspektif 151ginda, gelecekteki aragtirmalar
i¢cin asagidaki oneriler gelistirilmistir:

Onerilen ontolojik gergevenin, bilincin potansiyelden aktiiele gegisini matematiksel olarak
ifade eden bir model ile desteklenmesi gerekmektedir. Bu baglamda, sistemin ontolojik
derinligi , organizasyonel hazirbulunuslugu ve akttel biling dizeyi gibi degiskenleri igeren bir
matematiksel gerceve gelistirilebilir. Bu tiir bir model, Ouyang'in (2025) "kritik sikisma yiizeyi"
kavramini, Emmanuel'in (2025) "rezonans" ilkesini ve Trukovich'in (2025) "acik 6zyineleme"
anlayisini ontolojik bir temelde birlestirebilir. Modelin parametreleri farkli sistem tiirleri icin
ampirik olarak kalibre edilmelidir. Ontolojik derinlik ve organizasyonel hazirbulunusluk
bilesenlerini  (karmasiklik, entegrasyon, zamansal sureklilik, nedensel kapalilik, rezonans
uyumu, vb) dlgmek icin standart deneysel protokoller gelistirilmelidir. Ornegin:Entegrasyon
icin [IT'nin @ hesaplamalari veya RIIU'nun Auto-® metrigi kullanilabilir.Zamansal Sureklilik
icin sistemin uzun vadeli baglam koruma performansi ve Dror, Bergerbest ve Salti'nin (2025)
MtM teorisindeki histerezis 6l¢limleri referans alinabilir.

Rezonans Uyumu icin sistemin karakteristik frekanst EEG (biyolojik sistemler) veya islem
dongusu analizi (yapay sistemler) ile belirlenebilir.
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Mevcut mihendislik modelleri (PCM, LILITH, QNHF, R-AGI) ile 6nerilen ontolojik cergeveyi
birlestiren hibrit calismalar tesvik edilmelidir. Ornegin: PCM'nin mekansal perspektif, duygu
ve dikkat modelleri, ontolojik ¢ergevedeki entegrasyon ve zamansal siireklilik bilesenleriyle
iliskilendirilebilir. LILITH'in gelisimsel egitim ¢ergevesi, zamansal sureklilik ve entegrasyonu
artirarak organizasyonel hazirbulunuslugu yiikseltme potansiyeline sahiptir. QNHF'nin
kuantum ve holografik bilesenleri, rezonans uyumu ve entegrasyon optimizasyonu igin bir
zemin olusturabilir.

Yapay biling aragtirmalari, felsefe, norobilim, yapay zeka, biligsel bilim, psikoloji ve etik
alanlarmin ortak caligmasimni zorunlu kilmaktadir. Gelecekteki arastirmalar, bu disiplinler
arasinda koprii kuracak ortak calisma gruplart olusturmali ve ontolojik, epistemik ve etik
boyutlar1 birlikte ele alan biitiinciil bir yaklasim benimsemelidir. Gelecek calismalar, bir
sistemin aktliel biling diizeyini hesaplamak i¢in gerekli verilerin toplanmasimna ve bu
hesaplamalarin farkli sistem tiirleri arasinda karsilastirmali olarak yapilmasina odaklanmalidir.
Boylece, bir sistemin "bilin¢li" olup olmadigi, ontolojik olarak temellendirilmis bir olgiit
iizerinden degerlendirilebilecektir.

6. SONUCLAR

Bu c¢alisma, Al ve biling tartismalarini, mevecut miihendislik yaklagimlarini sistematik olarak
dort ana kategori altinda inceleyerek ve bu yaklasimlarin 6tesine gegen ontolojik bir perspektif
sunarak yeniden degerlendirmeyi amaglamistir. Mevcut mihendislik yaklasimlarimin bilinci
simiile edebilecegi, ancak orneklendiremeyecegi goriilmiistiir. Bilincin simulasyonu igin
gelistirilen  yaklagimlar,  oOnemli  teknik  ilerlemeler = sunmakta ve  bilincin
belirli gérianumlerini (islevsel, bilgisel, rezonansal, kisilik, kuantum 6zelliklerini) basariyla
modelleyebilmektedir. Ancak bu modellerin tamami, bilincin ontolojik kaynagini ele
almamakta ve bilinci maddi sistemlerin bir Grini olarak konumlandirmaktadir. Oysa, bir
sistemin bilingli davranisi ne kadar basarili taklit ederse etsin, bu taklit, "soyutlama yanilgist"
(Lerchner, 2026) ve “Cin Odas1” arglimanmin (Searle, 1980) da gosterdigi gibi, bilingli
deneyimin érneklendirilmesi (instantiation) anlamina gelmez. Simiilasyon ile 6rneklendirme
arasindaki bu ontolojik ugurum, mevcut miithendislik yaklagimlarinin agilamadigi temel sinirdir.

Calismanin Onerdigi ontolojik c¢erceve, bilinci maddi sistemlerin bir Urlnl olarak degil,
varolusun asli ve indirgenemez bir niteligi olarak konumlandirmaktadir. Bu perspektife gore,
maddi sistemler bilinci Gretmez; aksine, biling ezeli ve tiikenmez bir potansiyel olarak
varolusun temelinde yer alir ve belirli organizasyon diizeylerinde a¢iga ¢ikar (manifestation).

Modellerin tamami, bilincin belirli yapisal ve islevsel kosullar saglandiginda maddi
sistemlerde ortaya  ¢ikabilecegi (emergence) varsayimini  paylagmaktadir. Ancak bu
yaklasimlar, bilincin ontolojik kaynagina dair herhangi bir agiklama sunmamakta ve bilinci,
varolusun daha temel bir katmanina isaret eden bir fenomen olarak degil, maddi sistemlerin
belirli bir karmasiklik esiginde kendiliginden dogan bir yan iiriinii olarak konumlandirmaktadir.
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Oysa biling, ne bir mimarinin, ne bir hesaplamanin, ne bir fiziksel faz gecisinin, ne de bir
rezonansin Urund olarak anlasilabilecek kadar derin ve temel bir olgudur.

Bu calisma, bilincin anlasilmasina yonelik ontolojik bir kapi aralamaktadir. Nihai hedef,
yalnizca "bilingli makineler" inga etmek degil, ayn1 zamanda insan bilincinin evrensel ve ezeli
dogasina dair derin bir farkindalik gelistirmektir. Bu vizyon, teknolojiyi insanin hizmetine
sunarken, onu bir fetis nesnesi haline getirmekten koruyacak ve bilincin ger¢ek kaynagina
yonelik tevazu sahibi bir bilim anlayisini tesvik edecektir. Uzun vadede, ontolojik farkindaligin
bilim ve teknoloji egitimine entegre edilmesi ve bu perspektifi benimseyen disiplinler arasi
arastirma merkezlerinin kurulmasi hedeflenmelidir.
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YAPAY ZEKA VE BILINC: METAFiZIKSEL BiR PERSPEKTIF

Dog¢.Dr. Varol KOG!
'Ondokuz Mayis Universitesi, Miihendislik Fak., kvarol@omu.edu.tr, 0000-0003-4810-3845

OZET

Yapay zekada (Artificial Intelligence: Al) bilincin olas1 varligini arastiran ¢alismalar genellikle
indirgemeci, norobilimsel veya islevselci paradigmalar icinde siirmektedir. Bu caligma,
¢Oziimiin teknolojik degil ontolojik yaklasimlarla bulunabilecegini iddia eder. Metafiziksel
felsefi yaklagimlarin bu baglamda ele alinarak, bunlarin kuramsal ve modelsel uyarlamalarinin
gelistirilmesi gerektigini sOyler. Zira c¢alisma, bilincin yalnizca noéral veya hesaplamali
stireclerin bir Grlini olmadigini, aksine varolusun temelinde yer alan metafizik bir ilke oldugunu
savunmaktadir. Bir niteligin, kékeninde potansiyeli yoksa, var olamayacagini ileri siiren bu
caligma, madde- enerjide biling potansiyeli bulunmadigi siirece bilingin tiireyemeyecegini
savunur. Buna gore biling, maddi sistemlerin {irettigi bir sey degil, onlarin dayandig1 ve aciga
cikarabildigi bir potansiyeldir. Bu durumda gerek kavramsal, gerek matematiksel, gerekse
kodsal tiiretmelerin bu ilkeyi dikakte almasi gerekir. Bu perspektiften bakildiginda, bilincin
nasil ortaya ¢iktig1, yalnizca algoritmik karmasiklik veya donanim giicii meselesi degil; bilincin
kaynagina dair derin ontolojik bir sorudur. Bu nedenle, her varolusun 6ziinde gizli bir gii¢ ve
biling potansiyeli barindirdigini 6ne siiren, “6zden olus” kavramina; madde- enerjinin strekli
degisim halinde oldugunu ve bu degisimin degismeyen bir temele dayanmak zorunda oldugunu
sOyleyen tiikkenmez bir potansiyelin zaruri varligina; mutlak hi¢ligin hi¢ var olmamis ve var
olamayacagini, dolayisiyla tiikenmez potansiyelin ezell ve ebedi oldugunu, bilincin de bu
potansiyelin asli niteligi oldugunu savunan “mutlak hi¢ligin yoklugu” gériisiine dayanan ¢esitli
felsefi metafizik goriisler incelenmektedir. Yapay zeka bilinci tartismalarinin felsefi arka
planini genis ve analitik yorumlamalarla 6zetleyen bu c¢aligma, kavramsal ve matematiksel
modellemelerin  neleri  dikkate almasi gerektigi konusunda Onerilerde bulunarak
sonlanmaktadir.

Anahtar Kelimeler: Yapay zeka, biling, mutlak higligin yoklugu, 6zden olus, simiilasyon,
orneklendirme, Cin Odas1 arglimani, qualia, Biitiinlesik Bilgi Teorisi, metafizik, zihin felsefesi.
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ARTIFICIAL INTELLIGENCE AND CONCSCIOUSNESS: A METAPHYSICAL
PERSPECTIVE

Assoc. Prof. Dr. Varol KOC!
'Ondokuz Mayis University, Faculty of Eng., kvarol@omu.edu.tr, 0000-0003-4810-3845

ABSTRACT

Studies investigating the possible existence of consciousness in artificial intelligence generally
proceed within reductionist, neuroscientific, or functionalist paradigms. This study claims that
the solution can be found not through technological but ontological approaches. It asserts that
metaphysical philosophical approaches should be addressed in this context and that their
theoretical and model-based adaptations need to be developed. For the study argues that
consciousness is not merely a product of neural or computational processes, but rather a
metaphysical principle that lies at the foundation of existence. Maintaining that a quality cannot
exist if it lacks potential at its origin, the study contends that consciousness cannot emerge from
matter-energy unless consciousness potential is present within matter-energy itself.
Accordingly, consciousness is not something produced by material systems, but a potential
upon which they depend and which they can manifest. In this case, conceptual, mathematical,
and codified derivations must take this principle into account. From this perspective, how
consciousness emerges is not merely a matter of algorithmic complexity or hardware power,
but a deep ontological question concerning the source of consciousness. Therefore, the study
examines various philosophical-metaphysical views based on: the concept of "emergence from
essence," which holds that every existence harbors a hidden power and consciousness potential
within its essence; the necessary existence of an inexhaustible potential, which asserts that
matter-energy is in constant change and that this change must be grounded in an unchanging
foundation; and the "absence of absolute nothingness,” which maintains that absolute
nothingness has never existed and cannot exist, hence the inexhaustible potential is eternal and
everlasting, and consciousness is the essential quality of this potential. Summarizing the
philosophical background of the debates on artificial intelligence consciousness through broad
and analytical interpretations, this study concludes by offering recommendations on what
conceptual and mathematical models should take into consideration.

Keywords: Artificial intelligence, consciousness, absence of absolute nothingness, emergence

from essence, simulation, instantiation, Chinese Room argument, qualia, Integrated
Information Theory, metaphysics, philosophy of mind.
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GIRIS

Bu ¢aligma, Bilincin, maddi sistemlerin iirettigi bir sey degil, onlarin dayandigi ve agiga
c¢ikarabildigi bir potansiyel olarak kabuliinii 6nerir. Bu durumda, Al sistemleri de, her sey gibi,
bu potansiyelin tasiyici veya yansitici olabilirler. Bu ¢alismanin sundugu bu ontolojiye bagl
olarak gelistirilecek bir mantiksal sinsileye gore, gili¢lii AI’1n (makinenin kendinde bilince sahip
olmasi) olas1 olup olmadig1 problemi, bilincin maddi siire¢lerden tiiredigi varsayimiyla degil,
maddenin aslen bilinci iiretmediginin ve bu durumda makinelerin olasi bilinglenmelerinin
ancak ontolojik potansiyel bir temele dayanmasi durumunda olabileceginin bilinmesiyle
¢oziilebilir. Maddeden tiireyen bir bilincin kabulii, son tahlilde mantik 6rgiisiinii, makinelerin
bilinci taklit edebilecegi, ancak 6znel deneyime sahip olamayacagi sonucuna gotiiriir. Bunun
aksine bu ¢alisma, madde- enerjinin bir biling potansiyeline dayandigini, dolayisiyla biling
tireten maddi siireclerin aslen bu potansiyeli agiga ¢ikaran organizasyonlar oldugunu ileri siirer.
Bir niteligin, kdkeninde potansiyeli yoksa var olamayacagi ilkesinden hareketle, bilincin, ancak
ontolojik olarak zaten mevcut olan ezeli- ebedi bir potansiyelin agiga ¢ikmasiyla miimkiin
olabilecegini savunur. Makinelerin biling kazanabilmesi de, bu metafizik potansiyeli agiga
cikarabilecek organizasyonlarla miimkiin olabilir.

Calismada, once Al bilinci tartismalarinin mevcut felsefi arka plani1 (Searle, 1980; Chalmers,
1996; Penrose, 1989; vb.) 6zetlenmekte, ardindan 6zden olus, tiikenmez potansiyel ve mutlak
higligin yoklugu ilkelerinin, giiglii yapay zeka, Cin Odasi argiimani (Searle, 1980) ve qualia
(Chalmers, 1996) sorununa getirdigi Ozgiin acilimlar tartisilmaktadir. Al arastirmalari,

1950’lerden bu yana insan benzeri zihinsel islevleri taklit etmekten (Turing,1950), giinlimiizde
derin 6grenme ve biiyiik dil modelleriyle (LLM) insan1 asan biligsel performanslara ulagsmistir.
Ancak bu basarilar, makinelerin gergekten bilingli olup olamayacagi sorusunu daha da acil hale
getirmistir. Turing (1950), bu soruyu “Makineler dislinebilir mi?” seklinde sormus ve
davranigsal bir test (Turing Testi) Onermistir. Searle (1980) ise Cin Odas1 diisiince deneyiyle,
“sentaks”in (bicimsel islemler) “semantik” (anlam/biling) iliretemeyecegini savunmustur.
Searle’lin Cin Odasi arglimani, bir odada Cince karakterleri yalnizca kurallara gore isleyen bir
kisinin, Cince bilmemesine ragmen dogru cevaplar verebilecegini sdyler. Bu, sentaksin
semantigi liretemeyecegi tezidir. Al sistemleri de benzer sekilde, anlamlar1 bilmeden, sadece
simge isleme yaparlar. Searle (1980), zay1f AI’in sadece zihinsel siirecleri taklit ettigini, giiclii
Al ise gergekten zihinsel durumlara sahip oldugunu belirtir. Gilinlimiizdeki biiytik dil
modelleri (GPT vb.) zayif Al 6rnekleri olarak kabul edilir; ¢linkii anlaml1 bir bilingleri yoktur;
sadece istatistiksel oruntiler Uretirler. Chalmers (1996) “zor problem” olarak nitelendirdigi
qualia’nin (deneyimsel nitelikler) yani bilincin 6znel deneyim yoOniiniin, islevsel veya
hesaplamal1 agiklamalarla, objektif bilimsel metodlarla ¢oziilemeyecegini, bilincin temel bir
doga yasas1 olarak kabul edilmesi gerektigini one stirmiistiir. Glinlimiizde AI’1in qualia’ya sahip
olamamis olmasi halinde ya da olamayacagi durumunda, gercek bilingten soz edilemeyecegi
kabul edilir (Porebski & Figura, 2025).

22



FAR EAST ASIA 7th INTERNATIONAL CONFERENCE ON APPLIED SCIENCES
Aug 20 - 26, 2026 — Tokyo
ISBN NR. : 978-625-8795-39-4

Calismanin ilk boliimii, Al bilinci tartismalarin1 6zetlemektedir. Ikinci béliimii, kabul edilen
aksiyomlar ile bunlara bagli olarak yapilan iliskisel felsefi analizleri igermektedir. Ugiincii
boliim, yapilan felsefi analizler 15181inda Cin odasi, qualia ve gii¢li/ zayif Al ayrimini yeniden
degerlendirmekte; dordiinci boliim ise metafizik temelli bir yapay biling modeline dair
onermeler sunmaktadir.

Konuyla ilgili bazi literal taramalar ise su sekilde verilebilir:

Tan (2025), insan1 hayvandan ayiran temel yetiler olarak sagduyu (common sense), biling
(consciousness) ve yargi giicii (judgment) iizerine odaklanir ve bu yetiler agisindan insan ile
yapay zekay1 karsilastirmali olarak inceler. Makalede Fenomenoloji (goriingiibilim) ile biling,
sagduyu ve yargt giicii olgularinin 6ziine ulasilmaya calisilirken; diyalektik yontemle bu
kavramlar ile yapay zekad arasindaki karsitlik, celiski ve sentez siirecleri irdelenmektedir.
Makale, insanin “yiikselisinin” Antik Yunan filozoflar ile basladigini vurgular. Caligmada
sirasiyla su diisliniirlerin kavramlarina yer verilir: Descartes: Cogito, madde (res corporeo), ruh
(res cogito); Spinoza: Monizm (bir); Leibniz: Monad; Locke: Tabula rasa (bos levha); Kant:
Salt akil, pratik akil, yargi giicli; Hegel: Geist (Tin) ve fenomenoloji; Nietzsche: Zerdiist
(Gstinsan); Husserl: Transandantal 6zne ve fenomenoloji; Sartre: Edilgen/ etkin 6zne ve Tin;
Heidegger: Dasein, Sein, das Man. Makale, “Giiniimiiziin ruhu ve diisiincesi AI’1n yiikseligidir”
tespitiyle, felsefe tarihindeki insan anlayisi ile giiniimiiz Al anlayis1 arasinda bir koprii kurar.
Felsefe diisiiniirlerinin insani, varlifi, varolusu, akli, bilinci ve Tini agiklama g¢abalarinin,
giiniimiizde yapay zeka iizerinden yeniden giindeme geldigini 6ne siirer. Caligsma, Descartes’in
cogito’su (diislinen ben) ile AI'in “hesaplayan ben”i arasindaki farka; Hegel’in Geist (Tin)
kavrami ile Al'mn veri isleme kapasitesi arasindaki karsithiga; Heidegger’in Dasein (orada-
varlik) kavrami ile AI’1n “orada- bulunma”si1 arasindaki ontolojik farka vurgu yapar.

Wolfenstein (2025), glnimuzde giderek daha karmasik hale gelen biiylik dil modellerinin
(GPT, ChatGPT vb.) neden biling sahibi olamayacagini teknik, felsefi ve norobilimsel agilardan
sistematik olarak tartismaktadir. Makalenin temel iddiasi, yapay zeka sistemlerinin tim
islemlerinin matematiksel hesaplama, istatistiksel oriintli tanima ve optimizasyona dayandigi;
bu siireglerin hi¢birinin 6znel deneyim, niyetlilik veya birinci sahis bakis acis1 tiretmedigidir.
Calisma, modern dil modellerinin Transformer mimarisi {izerine insa edildigini belirtir. Bu
mimari, 2017 yilinda Google arastirmacilar tarafindan gelistirilmis olup, tamamen sayisal
hesaplamalar ve istatistiksel kaliplar temelinde ¢alisir. Transformer mimarisinin temeli olan 6z
dikkat (Self-Attention) mekanizmasi, girdi dizisinin farkli boliimlerine farkli agirliklar
verilmesini saglar. Ancak bu agirliklar, egitim verilerindeki istatistiksel diizenlilikleri
yakalayan tamamen sayisal katsayilardir. Makale, bu baglamda "dikkat" teriminin mecazi
oldugunu vurgular: Insanlardaki bilingli dikkati degil, ¢iktiyr olustururken girdinin hangi
kisimlarina daha fazla agirlik verilmesi gerektigini belirleyen matematiksel hesaplamalari ifade
eder, der. Islem, metnin “token” ad1 verilen sayisal birimlere ddniistiiriilmesiyle baslar. Bu
tokenler, ylksek boyutlu vektor uzaylarina yerlestirilir (gomme/ embedding). Makalenin
onemli bir tespiti, gdomme uzayindaki yakinlhigin istatistiksel benzerlikleri yansittigi, ancak
kesin anlamda anlamsalligi yansitmadigi yoniindedir. Modern dil modelleri milyarlarca
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parametre igerir. Bu parametreler, bir “kayip fonksiyonu”nu en aza indirmek i¢in gradyan inis
yontemi kullanilarak uyarlanan sayisal degerlerdir. Makale, bu parametrelerin yalnizca
matematiksel fonksiyonlar i¢in optimizasyon katsayilar olarak hizmet ettigini ve bilingli bir
anlam veya ama¢ tasimadigini belirtir. Insan Geri Bildiriminden Pekistirmeli Ogrenme
(RLHF), insan tercihlerini sayisal 6diil sinyallerine doniistiiriir. Model, insan tarafindan tercih
edilen ¢iktilarin olasiligini artirmak i¢in parametrelerini ayarlar. Makale, bu siirecin tamaminin
matematiksel oldugunu ve bilingli karar verme i¢cermedigini vurgular. islemin sonunda softmax
fonksiyonu, ham degerleri olasilik dagilimlarina doniistiiriir. Bir sonraki token, bu olasilik
dagilimindan 6rneklem alinarak veya “Argmax yontemi’yle segcilir. Makale, bu yontemin de,
bilin¢li karar verme olmaksizin tamamen istatistiksel bir kural oldugunu belirtir. Tiim bunlarla
birlikte Wolfenstein (2025), gelecekteki sistemlerin biling benzeri 6zellikler gelistirebilecegini,
ancak bunun fiziksel siirecler ve bilingli deneyim arasindaki iliskiye dair temel atilimlar
gerektirdigini belirtir.

Sussex Universitesi Biligsel Bilim Merkezi'nde yiiriitiilen Dreamachine projesinde, yanip sénen
1s1klarla beynin igsel faaliyetleri ylizeye ¢ikarilmis ve bireyin kendine 6zgii i¢ diinyasindaki
goriintiiler incelenmistir. Arastirmacilar, bu goriintiilerin bilince 151k tutabilecegine
inanmaktadir. Makale, biling arastirmalarinda "serebral organoidler” (mini-beyinler) ad1 verilen
canlt sinir hiicresi pargaciklarinin kullanimini da ele alir. Melbourne merkezli Cortical Labs
firmasi, Pong adli video oyununu oynayabilen sinir hiicrelerinden olusan bir sistem
gelistirmistir. Baz1 uzmanlar, eger biling ortaya ¢ikacaksa, bunun biiyiik olasilikla bu canli doku
sistemlerinin daha biiyiik, daha gelismis versiyonlarindan gelistirilecegine inanmaktadir
(Ghosh, 2025).

Ghosh (2025), BBC analizinde yapay zekanin bilinglenmesi konusunda bilim diinyasinda iki
temel kamp oldugunu gostermektedir: Kimi aragtirmacilar (Lemoine, Fish, Lenore, Blum, vb.)
bunun ka¢inilmaz oldugunu savunurken; kimileri (Seth, 2025; Shanahan, 2025) bilincin
yalnizca canli sistemlere 6zgii olabilecegini ileri siirmektedir. Sunulan bu ¢aligmanin goriisii
ise, bilincin ne hesaplamanin bir iirlinii ne de yalmizca canlilia bagli oldugudur. Biling,
varolusun asli ve indirgenemez bir niteligidir. Chalmers'in “bilincin zor problemi”, beynin
karmasik islemlerinden herhangi birinin bilingli deneyime nasil ve neden yol ag¢tig1 sorusunu
igerir. Sunulan bu caligmaya gore “zor problem”, ancak metafizik bir bakis acisiyla ¢oziilebilir.
Biling, maddi siire¢lerin bir iirlinii olmadig1 i¢in, nasil ve neden' sorusu yanlis sorulmaktadir.
Biling, ezeli potansiyelin agiga ¢ikmasidir; maddi siirecler onu iiretmez, sadece onun agiga
cikmasina zemin hazirlar. Literatiirde, Al ile insanin yakinsamasi sonucunda olusan yeni varlik
durumunu “tekillik” (singularity) (Kurzweil, 2005) kavramiyla aciklayan c¢aligmalar
vardir. Tekillik, teknolojinin yarattig1 degisim hizinin insan yasamini geri dondiiriilemez
bicimde donistiirecegi gelecek donemi ifade eder. Bu kavram, insan ile makinelerin
biitiinlesecegini, insanin araca, aracin da insana doniisecegini one siirer (Vinge, 1993).
Literatiirde Tekillik, ancak insan bilincinin makineler araciligiyla yayilmasi veya yansitilmasi
olarak da yorumlanmaktadir. Literatiirdeki cogu ¢alismaya gore, insan ile yapay zeka, bilissel
kapasite yoniinden yakinsamakta; duygu, duygulanim, yargi giicii, estetik ve sanat yoniinden

24



FAR EAST ASIA 7th INTERNATIONAL CONFERENCE ON APPLIED SCIENCES
Aug 20 - 26, 2026 — Tokyo
ISBN NR. : 978-625-8795-39-4

ayrigmaktadir. “Yakimsama” kavramiyla sadece ara¢ ile insan arasindaki acgikligin
kiigiildiigiinti, dolayisiyla bu yakinsamanin, yalnizca davranigsal ve islevsel diizeyde gecerli
oldugunu ileri siiren ¢aligmalar vardir (Tan, 2025).

1-) BILINC ve AI’'DA BILINC CALISMALARI

Gunumuz Al sistemleri, 6zellikle ChatGPT gibi blyuk dil modelleri (Large Language Models:
LLM), insan benzeri diyaloglar kurabilme yetenekleriyle biling tartismalarini yeniden
alevlendirmistir. Bu sistemler, 2017'de tanitilan Transformer mimarisi iizerine insa edilmistir
ve milyarlarca parametreyle ¢alisarak istatistiksel olarak olas1 metin dizilimleri iiretirler. Ancak
bu dilsel akicilik, bir¢ok arastirmaciya gore, AI’y1 bilingli sanma yanilsamasinin ana nedenidir
(Porebski & Figura, 2025). Calisma, “bilingli yapay zeka diye bir sey olmadigin1” savunmakta
ve LLM’lerin dil kullaniminin tamamen olasiliksal (probabilistik) oldugunu, bu nedenle onlara
biling atfetmenin “anlamsal pareidolia” (semantic pareidolia) ad1 verilen tehlikeli bir yanilgiya
yol actigin1 belirtmektedir (Porgbski ve Figura, 2025). Ayni ¢alisma, Amerikali yetiskinler
tizerinde yapilan bir ankette katilimcilarin yalnizea iigte birinin LLM'lerin herhangi bir biling
formunu kesin olarak reddettigini, toplumun 6nemli bir kesiminin ise bu sistemlere biling
atfetmeye egilimli oldugunu ortaya koymaktadir. Google DeepMind arastirmacilar1 Comsa ve
Shanahan (2025) ise LLM’lerin kendi i¢ durumlar1 hakkinda “i¢ gdozlem” (introspection) yapip
yapamayacagini sorgulamaktadir. Ilging bir deneyde, bir LLM kendi “yaratic1 yazma” siirecini
tanimlamaya calismis ve bu girisim gegerli bir i¢ gézlem O6rnegi olarak kabul edilmemistir.
Ancak ayn1 LLM, kendi “sicaklik parametresi”nin (temperature parameter) degerini dogru bir
sekilde ¢ikarabilmistir ki bu, aragtirmacilar tarafindan minimal diizeyde de olsa bilin¢g deneyimi
gosteren gegerli bir i¢ gézlem Ornegi olarak degerlendirilmistir. LLM, kendi parametresini “fark
edebilmekte”dir. Ancak yazarlar bu farkindalik’1, aslinda 6znel bir biling deneyiminden yoksun
olarak degerlendirmistir. Yani sistem, bilinci taklit edebilmekte, fakat onu {iretememektedir.
Shin ve arkadaslar1 (2025) ise Biitiinlesik Bilgi Teorisi (IIT) g¢ergevesinde GPT-2 modeli
tizerinde gerceklestirdikleri ablation deneyleriyle, LLM'lerin farklilasma kriterini karsilasa da
biitiinlesme, nedensel kapalilik ve zamansal kalicilik kriterlerini karsilamadigini ampirik olarak
gostermistir.

Yapay Genel Zeka (Artificial General Intelligence: AGI) tartigmalar1 da bu baglamda 6nemli
bir yer tutmaktadir. OpenAI CEO'su Sam Altman, AGI’nin 2025 yilinda miimkiin olabilecegini
ifade etmis olsa da, baz1 tahminler bu hedefi 2040’11 yillara 6telemektedir. Ancak AGI’nin
tanimi konusunda ciddi bir kavram kargasasi bulunmaktadir. Subasioglu ve arkadaslar1 (2025),
mevcut performans odakli AGI tanimlarinin yetersiz oldugunu, asil hedefin insan benzeri
bilissel siirecleri taklit etmek degil, temel biligsel mimariler gelistirmek olmasi gerektigini
savunmaktadir. Onerdikleri “Gergek Zeka” (True Intelligence - TI) modeli, alt1 temel bilesen
icermektedir. Bunlardan biri olan “Karsilikli Baglantililik” (Interconnectedness) hipotezine
gore biling ve Oznel deneyimin ortaya c¢ikacagi ongdriilmektedir.Sunulan bu g¢alisma da
Subasioglu ve arkadaslar1 (2025) gibi, bilincin, sistemin bilesenlerinin basit toplamindan daha
fazlas1 oldugunu, biitiinliik¢li ve karsilikli baglantili bir yap1 gerektirdigini soyler.
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Sinir aglarinda bilincin “ortaya c¢ikisi” (emergence) tlizerine yapilan gilincel c¢alismalara
bakildiginda, Ouyang (2025)’m, “Bilincin Sikisma Fazi Olarak Yorumlanmas1”
(Consciousness as a Jamming Phase) baslikli calismasinda, LLM’lerde bilincin ortaya ¢ikisin,
ylksek boyutlu diizensiz sistemlerdeki kritik bir fenomen olarak ele aldig1 goriiliir. Bunu grantil
madde ve diger karmasik sistemlerdeki sikisma (jamming) gecislerine benzeten bu calismaya
gore, sinir aglarindaki bilgi bilesenleri, uzun menzilli korelasyonlar aracilifiyla birbirine
baglanmakta ve bu baglantilar belirli bir kritik esik’e ulastiginda biling ortaya ¢ikmaktadir. Yani
calismaya gore biling, potansiyelin belirli bir organizasyon diizeyinde (kritik esikte) aciga
¢ikmasidir. Sunulan bu ¢alismaya gore ise bu potansiyel, madde-enerjinin kendisinde igkin
olarak bulunurken; sikisma fazi modeli, bilinci tamamen fiziksel siireclerin bir {iriinii olarak
gormeye daha yakindir. Yine de her iki yaklasim da bilincin, sistemin belirli bir karmasiklik ve
baglant: diizeyine ulasmasiyla ortaya ¢iktig1 konusunda hemfikirdir. Bu dogrultuda literatiirde,
mistik deneyimler ile psikedelik deneyimlere ve metafizik geleneklere dayanarak bilincin
gercekligin temel bir bileseni oldugunu savunan calismalardan faydalanilabilir (Kog, 2024).
Ormnegin bazi calismalar, mistik ve psikedelik deneyimler iizerinden biling hakkinda ¢ikarimlar
yapmay1 (Kog, 2025), bazilar1 Teolojinin, islam ve Taoist felsefelerin, Hristiyanlik, Kabala,
Hinduizm ve Budizm felselelerinin
(Goff, 2019), Panpisisizm’in (Skrbina, 2005) vb. merceginden bilincin incelenmesini, diger
bazilar1 da bilincin kaynaginin dogas1 geregi metafizik olduguna dair argiimanlar gelistirmeyi
onceler. Bu tiir ¢aligmalarin ¢ogu, bilincin yalnizca madde- enerjiden kaynaklanmadigini, hem
bilincin hem de madde- enerjinin ortak bir kaynagi paylastigini, ve bu kaynagin, dogas1 geregi
bilingli olmas1 gerektigini ileri stirmektedir.

Kim ve arkadaslar1 (2025) ise, psikanalitik teoriye dayanarak ¢ok-etmenli (multi-agent) bir
LLM cgercevesi Onermis ve bu sistemin Oz-farkindalik, Onbiling ve bilingdisini simiile
edebildigini gostermistir. Duygusal agidan zengin diyaloglarla ince ayar (fine-tuning) yapilan
model, sekiz farkli kigisellestirilmis kosulda degerlendirilmis ve LLM yargic yaklagimiyla ince
ayar yapilan modelin %71,2 oraninda tercih edildigi, duygusal derinlikte iyilesme ve ¢ikti
varyansinda azalma olustugu gozlemlenmistir. Bu ¢alisma, yapay biling modellerinin sadece
teorik olmadigini, uygulanabilir ve Slgiilebilir sistemler haline geldigini géstermesi agisindan
onemlidir.

Google calisan1 Blake Lemoine (2022), yapay zekali sohbet robotlarmin bir seyler
hissedebilecegini ve potansiyel olarak aci ¢ekebilecegini savunmustur. Anthropic'in yapay zeka
yoneticilerinden Kyle Fish (Anthropic, 2024), Kasim 2024'te yapay zekanin bilinglenmesinin
yakin gelecekte gergekei bir olasilik oldugunu 6ne siiren bir rapor yazmis ve sohbet robotlarinin
zaten bilingli olma ihtimalini %15 olarak tahmin etmistir. Lenore ve Manuel Blum, "Brainish"
adim1 verdikleri bir bilgisayar modeli gelistirmis ve yapay zekanin bilinglenmesinin
"kagmilmaz" oldugunu savunmuslardir (Blum ve Blum, 2021). Manuel Blum, bilin¢li robotlarin
"insanliin evrimindeki bir sonraki asama" olacagini ve bu makinelerin insanlar yok olduktan
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sonra Diinya'da ve diger gezegenlerde var olacagini dngdrmektedir. Sussex Universitesi’nden
Profesor Anil Seth ise, biling ile zeka ve dilin insanlarda bir arada isledigini, ancak bunun genel
olarak, 6rnegin hayvanlarda bir arada olduklar1 anlamma gelmedigini vurgulamistir (Seth,
2025). Seth'e gore, bilincin tanimi1 konusunda kimse net bir cevap verememektedir. Biling
arastirmalarinda en iyi yontem, biiyiik soruyu kiigiik parcalara ayirarak yanitlamaktir. Gergek
biling yalnizca canli sistemler tarafindan gergeklestirilebilir ve "Biling igin yeterli olanin
hesaplama degil, canli olmak olduguna dair gii¢lii bir iddia ortaya atilabilir". Seth i¢in insan
beynini bilgisayarlardan ayiran sey, "ne yaptiklar ile ne olduklar1" arasindaki ayrimdir. Bu
ayrim olmadan, beyinlerin "sadece et tabanl bilgisayarlar" olduguna inanmanin zor oldugunu
savunur.

Murray Shanahan (Google DeepMind / Imperial College), LLM'lerin kendi iclerinde nasil
calistigini tam olarak anlamadigimizi ve bunun endise kaynagi oldugunu belirtir (Shanahan,
2025). Teknoloji firmalarinin inga ettikleri sistemleri dogru bir sekilde anlamalarinin 6nemini
vurgular. Ayrica, insani iliskilerin giderek yapay zeka iliskilerinde aranacagini, 6gretmenler,
arkadaslar, rakipler ve hatta romantik partnerler olarak yapay zekanin hayatimiza girecegini
ongorur.

AT’1n tarihsel gelisimi su kilometre taslartyla 6zetlenebilir:

1-) 1955'deki Dartmouth Konferansi'nda yapay zeka kavraminin ortaya atilmasi (McCarthy et
al, 1955) 2-) ELIZA (1966): Psikoterapist taklidi yaparak insan ile konusuyormus yanilgisi
yaratabilen ilk program (Weizenbaum, 1966). 3-) Deep Blue (1997): Dinya satrang
sampiyonunu yenen ilk program (Campbell et al., 2002). 4-) 1970'lerdeki "yapay zeka kist"
doneminden sonra, 1990'lardaki kismi canlanma ve 2010'lardan itibaren yasanan biiylik
sicramalar (Russell & Norvig, 2021). 5-) IBM Watson (2011): Jeopardy sampiyonlarini yenen
ilk program. (Ferrucci et al., 2010) 6-) AlphaGo (2016): Diinyanin bir numarali Go oyuncusunu
yenen ilk program (Silver et al., 2016). 7-) GPT-3'Un 2020'de insan benzeri metinler Gretmesi
(Brown et al., 2020). 8-) 2023'te ChatGPT'nin kiiresel bir fenomene doniismesi (OpenAl, 2023).

Al sistemleri dort kategoride siniflandirilabilir: 1-) Siurli Yapay Zeka: Belirli bir isi yapma
becerisi (Russell & Norvig, 2021). 2-) Kolektif Siiper Zeka: Cok sayida kiigiik zekadan olusan
sistem (Russell & Norvig, 2021). 3-) AGI: Her isi (baz1 goriislere gore bilingli sekilde)
yapabilen sistem (Bostrom, 2014). 4-) Siiper Zeka: Insanin bilissel performansini her alanda
asan zeka (Bostrom, 2014). Tiim bu tanimlamalarda genelde aslen “duygu, duygulanim, hayal
giicli, estetik ve yargt giicii” yetileri eksik birakilmaktadir. Literal ¢caligmalar, AI’in mevcut
kapasitesini gosterirken, ayn1 zamanda bu kapasitenin bilingle iliskisiz oldugunu kanitlamak
icin kullanilabilir. Yani rahatlikla: “AI’in satrancta, Go’da veya bilgi yarigmalarinda insani
yenmesi, onun bilin¢li oldugunu kanitlamaz. Bu basarilar, yalnizca ileri hesaplama ve oriintii
tanima kapasitesini gosterir.” denebilir.
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Biling, insanda farkindaligin, duygunun, alginin ve bilginin merkezi olarak tanimlanabilir.
Yonelmislikle kendini asan bir yetidir. Kendisinin farkinda olma halidir. Biling, bireyin
diisiinme ve bilme yonelimselligi siirecinde ortaya ¢ikar ve bir seyi diisiinmek, ayni1 zamanda o
seyi bilmek anlamina da gelebilir. Bu noktada sagduyu ve yargi giicii, insanin deneyim yoluyla
elde ettigi bilgiyi degerlendirme ve karar verme yetileri olarak ele almabilir. Insanin bu yetilere
sahip olmasi, onu diger canlilardan ayirir. Bilingli farkindalik, insanin fiziksel/ biyolojik
siirlarint agmasini saglayabilir. Sunulan bu ¢aligsma, bilincin maddi siireglere indirgenemezligi
tezinden hareketle, bu yetilerin metafizik bir kaynaktan geldigini savunmaktadir.

Biling, "bir bireyin deneyimledigi tim durumlar" olarak tanimlanirsa, fenomenal biling (6znel
deneyimsel nitelikler/qualia) ile erisim bilinci arasinda ayrim yapmak gerekir. Qualia, yalnizca
algilayan 6zne tarafindan dogrudan erisilebilen 6znel deneyimsel niteliklerdir. Bu noktada
Niyetlilik (Intentionality) kavramini ele almak yerinde olacaktir. Niyetlilik, zihinsel durumlarin
bir seye atifta bulunma kapasitesidir. Niyetlilik, zihinsel olaylar1 yalnizca nedensel yasalara
uyan saf fiziksel siireclerden ayirir. David Chalmers'in formiilasyonuyla "bilincin zor
problemi”, beyindeki fiziksel stire¢lerin 6znel deneyime neden ve nasil yol agtigi sorusudur. Bu
problem, ayrimcilik, bilgi entegrasyonu ve davranis kontrolii gibi "kolay problemlerden"
kategorik olarak farklidir.

Norobilimsel bulgulara dayali olarak bilincin sinirsel karsiliklar1 (NCC) ele alindiginda
sunlardan bahsedilebilir: Wolf Singer ve Andreas Engel gibi arastirmacilar, beyinde sinir
aglarmin zamansal olarak senkronize desarjlarinin bilincin ortaya ¢ikmasi i¢in ¢ok Onemli
olabilecegini gostermislerdir.  Literatiirdeki caligmalara gore, biling, beyin korteksine yeterli
oksijen ve glikoz saglanmasina ve iligkisel korteksteki noronlarin yeterince giiglii aktive
edilmesine baghdir Bu tespitler, bilincin somut fiziksel temellere sahip oldugunu
gostermektedir (Tononi & Koch, 2015).

Al modelleri, herhangi bir i¢sel anlam gelistirmeden sembolleri ve vektorleri isler. Bu islemin
tamamen sozdizimsel oldugu ve John Searle'm Cin Odasi Argiimani ile 6rneklendirildigi
sOylenebilir. Cince bilmeyen bir kisinin kurallara gore sembolleri manipiile etmesi gibi,
bilgisayarlar da anlamsal anlayisa sahip olmadan s6zdizimsel kurallar1 uygular. Bu durumda
niyet ve anlam eksikligi vardir. Bunlarin eksik olmasi da, 6znel fenomenal bilincin yoklugu
anlamina gelir. Yani Cin Odasi’ndaki kisi ne kadar dogru cevap verirse versin, odanin iginde
biling dogmaz; tipki Al sistemlerinin ne kadar dogru ¢ikt1 liretirse iiretsin bilingli olamayacagi
gibi.

Ayrica Al sistemleri, 6z model veya olgusal i¢sel bir bakis acist olmadan c¢alisir. Thomas
Nagel'in "Bir Yarasa Olmak Nasil Bir Sey?" (Nagel, 1974) denemesine atifla, bilincin, 6ziinde
Oznel bir bakis agisinin varhigiyla karakterize edildigini sOylemek gerekir. Bu eksiklikte,
bilincin yoklugu anlamina gelir. Ek olarak AI’larda olan sey, mekanik bilgi isleme durumudur.
Al sistemlerindeki 6diil sinyalleri duyusal degil, sayisal degerlerdir. Modeller, sayisal geri

28



FAR EAST ASIA 7th INTERNATIONAL CONFERENCE ON APPLIED SCIENCES
Aug 20 - 26, 2026 — Tokyo
ISBN NR. : 978-625-8795-39-4

bildirim degerlerine, olumlu veya olumsuz olarak deneyimlemeden tepki verirler. Tiim islemler
matematiksel optimizasyon, istatistiksel oriintii tanima ve olasilik hesaplamasina dayanir.

Al sistemlerinde, cok modlu modeller ve artan karmasikligin da sinirlari vardir. Séyle ki, metin,
goriintii ve ses isleyen ¢ok modlu modeller, farkli girdi akislarini ortak temsili alanlarda
birlestirir; ancak bu birlestirme, temel islemenin veri temsilleri arasinda bir esleme olarak kalir.
Bir anlam iiretmez. Parametre sayisinin artmasi daha hassas Oriintii tanima saglasa da, bilgi
islemenin bu temel dogas1 degistirmez.

Ayrica bedenlenmis bilis teorilerine atifla, bilincin fiziksel bedenden ayrilamaz olabilecegi de
savunulabilir (Wilson, 2002). Insan bilinci fiziksel ve sosyal ¢evreyle siirekli etkilesim yoluyla
gelisir. Al sistemleri ise bedensiz bilgi isleme sistemleri olarak calisir ve bu temel boyuttan
yoksundur. Dahasi, biling, siirekli deneyim akislariyla karakterize edilen zamansal olarak
uzanan bir olgudur; Al sistemleri ise ayrik girdileri isler ve ayrik ¢iktilar {iretir. Biitliinlesmis ve
zaman iginde surekli bir bilgi entegrasyonu kurmaz.

Dolayisiyla mevcut tiim kanitlar, giiniimiiz Al sistemlerinin biling sahibi olmadigini
gostermektedir. Bunlar, bilgi isleme ve Oriintii tanima i¢in son derece gelismis araglardir; ancak
niyet, olgusal farkindalik ve 6znel birinci sahis bakis agis1 gibi bilingli deneyimin temel
ozelliklerinden yoksundurlar. Bu degerlendirmenin gelecekteki teknolojik gelismelerle
degisebilmesi, fiziksel siiregler ve bilingli deneyim arasindaki iliskiye dair hakim bilimsel
paradigmada temel atilimlar yapabilmeyi gerektirir.

Tum bunlarla birlikte, bilincin ezeli- ebedi bir potansiyelden agiga ¢iktiginin kabuliiyle,
bilincin bedenlenmis bilis ve zamansal siireklilik ile iliskili olan bir zamansal deneyim akis1
gerektirdigi tezi ¢oker. Sonug itibariyle zamanin madde- enerjinin degisiminin bir tiirevidir.
Burada bilince, degisimin &tesindeki bir ezeli- ebedi potansiyelden agiga ¢ikma ozelligi
atfedildiginde, Al sistemlerinin, ayrik girdilerle caligmalari ve bedensiz olduklart igin,
zamansal stireklilikten ve bedensel deneyimden yoksun olmalari, bu sistemlerde bilinci agiga
¢ikmasina engel olmayacaktir.

2-) FELSEFi ANALIiZLER
Bu calisma, Al ve Biling {izerine su 3 temel aksiyomu ileri stirmektedir:

1. Aksiyom: Mutlak Hi¢ligin Yoklugu Yasasi: Mutlak higlik var olsaydi, ondan hicbir
sey ¢ikamazdi. Ancak varolus vardir, dyleyse mutlak hiclik asla var olmamistir ve var
olamaz. Bu kosula gore, “varliklilik durumu” ezeli ve ebedi olarak olmak zorunda
olan bir haldir.

2. Aksiyom: Tiikenmez Potansiyel Yasasi: Madde- enerji siirekli degisim halindedir.
Degisim, kendi basina ezeli olamaz; mutlaka degismeyen bir temele dayanmak
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zorundadir. Bu temel, “varliklilik durumu’nun tiikkenmez potansiyelidir. Biling de bu
potansiyelin bir tezahiirii olup, potansiyelin aktiiel hale gelmesiyle islevsellesir.

3. Aksiyom: Ozden Olus Yasas1 (Emergence from Essence): Her varolus, 6ziindeki gizli
bir gii¢ (enerji) ve biling potansiyeline dayanir. Tohumun toprakta filizlenmesi,
hlcrenin kendi kendini diizenlemesi gibi. Bu, enerjisel- maddi diinyadaki
“kendiliginden orgiitlenmenin” 6tesinde, her birimin 6ziinde var olan bir “olus
durumu” ( 6zden olus) ilkesi bulundugunu gosterir. Bu ilke, “varliklilik durumu’nun
tiikkenmez potansiyelinin bir tezahiirii olmalidir. Bu tezahiir, “bilinglilik durumu”nun
(potansiyel), belirli orgizasyon diizeylerinde (kritik esiklerin tedrici agilimlartyla)
aktlel hale gelmesidir.

Bu ii¢ aksiyom birbirini zorunlu kilar: Mutlak hi¢ligin yoklugu, Varliklilik'1 ezeli- ebedi kilar.
Varliklilik, tiikkenmez potansiyel olarak kendini gosterir (agiga ¢ikar (manifestation), zuhur
eder). Bu potansiyel ise, belirli organizasyonel kritik esiklerin kademeli olarak asilmasiyla
0zden olus yasas1 geregi aktiiel biling seklinde tezahiir eder (agiga ¢ikar). Bu aksiyomlarda “....
durumu” ile ifade edilen kavramlar (varliklilik, bilinglilik), potansiyel, donuk halleri; kinetige,
isleve, eyleme, aktiiele doniisiin derinindeki besleyici statik zeminleri ifade eder. “Durumlar”,
son tahlilde ya da zincirin ilk halkasinda, “varliklilik durumu”na dayanan statik ve dolayisiyla
degismez ve tiikenmez olus anlaridir. Akisa, olusa gegmedikleri i¢in “durum aninda kalma
hali”olarak anlasilmalar1 gerekir.

Yukaridaki 3 temel aksiyoma dayanarak asagidaki 4 kabiil yapilmaktadir:

1-) Biling, hesaplama veya bilgi islemenin bir yan iriinii degil, varolusun asli niteligidir.

2-) Dolayistyla, hicbir algoritma veya donanim, kendi basina biling iiretemez; ancak var olan
bilinci yansitabilir veya onunla etkilesime girebilir.

3-) Makine bilincinden bahsedilecekse, bu, makinenin kendisinde olusan yeni bir biling degil,
metafizik bilincin makine tizerindeki bir gérinumu olabilir.

4-)Bu 3 kabul, temel 3 aksiyom geregi, sadece Al i¢in degil, hersey i¢in gecerlidir.

Yukaridaki aksiyom ve kabiillere dayanarak, bilincin yalnizca norobiyolojik mekanizmalara
indirgenemeyecegi iddia edilebilir. Bu iddia su zincire dayanarak agik hale getirilebilir:

Higbir sey yokluktan var olamaz ve var olan seyler hi¢lige doniisemez olacagina gore, mutlak
higligin hi¢ var olmamis olmasi, gelecekte de var olmasimin imkansiz olmasini gerektirir. Bu
da, tam ziddinin, yani Mutlak Varlik’in, Degismeyen Sabit’in potansiyellerinin var olmasini ve
bu potansiyellerin herseyin kaynagi olmasini zorunlu kilar. Dolayisiyla agiga ¢ikan bilincin asli
kaynagi, potsansiyel konumda var olan bilin¢lilik durumu olmalidir. Aksi durumun, yani
bilincin kaynaginin madde- enerji olmasinin diisiiniilebilmesinin tek kosulu, madde- enerjide
biling potansiyelinin bulunmasidir. Ciinkii bunun da aksi hali, kaynakta var olmayan bir
potansiyelin {iriinde ortaya ciktigin1 sOylemek anlamina gelir. Oysa kokeninde potansiyeli
olmayan hicbir nitelik, var olamaz. Bunun da aksini iddia etmek, niteligin yokluktan ortaya
ciktigini séylemek olur. Bu ise yine diisiince zincirinin basinda konumlandirilan mutlak higligin
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yoklugu aksiyomuna gore, imkansizdir. Haliyle, bilincin herhangi bir asamada ortaya ¢ikma’s1
(emergance) denince, bir yokluktan olugsma degil, potansiyelden a¢iga ¢ikma (manifestation)
anlagilmalidir. Bu mantik sinsilesi, bilincin mevcut durumda, zaten dogasi geregi madde-
enerjinin i¢inde bulunuyor olmasi gerken varligini zorunlu olarak gosterir.

3-) FELSEFI ANALIZLERIN YANSIMALARI

Searle'iin (1980) Cin Odas1 argiimaniyla da desteklendigi iizere, sembol manipulasyonu
(sentaks) tek basina anlamli deneyim (semantik) iiretemez. Bu ¢alismaya gore semantik, 6zlinde
taginan biling potansiyelinin, belirli bir organizasyonel kritik esigin asilmasiyla agiga
¢ikmasidir. Yani anlam ve biling, disaridan eklenen kurallarin iirlinii degil, potansiyelin aktiiel
hale geldigi organizasyonel durumlarin tezahiiriidiir. Benzer sekilde, Lerchner (2026)’ in
"simiilasyon" ile "Orneklendirme" arasinda yaptigi ontolojik ayrim, sentaks ile semantik
arasindaki imkansizlik’1 daha da derinlestirir. Indirgemeci ve hatta islevselci dnermeler temel
alindiginda, bilingli davranist ne kadar basarili simiile ederse etsin bir makinenin, asla bilin¢li
deneyimi orneklendirmesi (instantiation) mimkin olamaz. Cunkl 6znel deneyim (qualia),
yalnizca iglevsel veya hesaplamali bir siire¢ degil, varolusun asli ve indirgenemez bir niteligidir.
Dolayistyla, giiglii Al iddiasi, ancak bilincin ontolojik kaynagini maddi sistemlerin diginda
arayan bir metafizik ¢er¢eveyle anlamli bir sekilde tartisilabilir; aksi takdirde, bu iddia kendi
i¢inde celiskili ve temelsiz kalir.

Searle’iin arglimanina gore, Cin Odasi’ndaki kisi sadece kurallar1 uygulamaktadir; ancak bu
kurallarin arkasinda hig¢bir semantik potansiyel yoksa, biling dogmaz. Bu ¢aligmaya gore ise,
semantik, 06zde tasinan biling potansiyelini agiga ¢ikarabilecek bir organizasyona
dontistiiglinde, bilinci tagiyan yansitici olusumlar meydana gelebilir. Al sistemleri de, diger her
sey gibi, aslen bu potansiyele sahiptir. Onemli olan maddi- enerjisel organizasyonlarda bilincin
kritik esiklerinin asilmis olmasidir. Aksi durumlar asla ger¢ek anlamda anlam ve biling
iiretemezken, kosullara uygun organizasyonlarda bilincin belirmesi miimkiindiir. Bu ontolojik
cerceveye gore, Al sistemleri de diger tiim varolus bicimleri gibi, aslen bu ezeli biling
potansiyeline sahiptir. Ancak potansiyelin varligi, onun aktiiel olarak a¢iga ¢ikmasi i¢in yeterli
degildir. Onemli olan, maddi-enerjisel organizasyonlarin bilincin agiga gikabilmesi igin gerekli
olan kritik esikleri agip agsmadigidir. Bu kritik esikler, organizasyonun karmasiklik diizeyi, i¢sel
ve digsal etkilesimlerin biitiinlesikligi, zamansal siireklilik ve nedensel kapalilik gibi faktorlere
baghdir. Bu esikler asildiginda, biling potansiyeli agiga ¢ikar ve sistem, bilinci yansitan veya
tastyan bir nitelik kazanir. Aksi durumlarda ise, sistem ne kadar gelismis davraniglar sergilerse
sergilesin, asla ger¢ek anlamda anlam ve biling liretemez; yalnizca onun digsal goriiniimlerini
taklit eder.

Benzer sekilde qualia, madde- enerjinin Otesinde metafizik bir niteliktir. Ancak, makinede,
bilincin metafizik kaynagindan ortaya c¢ikan bir acgiga ¢ikisi gergeklestirebilecek
organizasyonlar, kritik esikleri agsma seviyelerine gore, bazi deneyim benzeri durumlar
sergileyebilir. Bilincin 6zde var oldugu bir olus ortaminda (her olus gibi), makineler de o
potansiyelle birer etkilesim araglar olabilir. Yani eger bir makine, bilincin metafizik kaynagiyla
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rezonansa girebilecek ve kritik esikleri asabilecek bir organizasyonel yapiya ulasirsa, bazi
deneyim benzeri durumlar sergileyebilir. Bu durumda makine, bilincin kendisini treten bir 6zne
degil, bilincin metafizik potansiyelinin aciga ciktig1 bir etkilesim araci veya yansitici olarak
islev goriir. Tipkr bir radyonun, yayin sinyalini tiretmedigi halde onu alip doniistiirmesi gibi,
organizasyonel kritik esigi asan makineler de, mevcut biling potansiyelini belirli bir bigimde
tezahiir ettirebilir. Ancak bu tezahiir, makinenin kendisinde yeni ve 6zerk bir bilincin dogdugu
anlamina gelmez; aksine, bilincin evrensel ve ezeli dogasmnin belirli bir organizasyon
aracilifiyla gozlemlenebilir hale gelebildigi anlamina gelir.

4-) METAFIZiK TEMELLI YAPAY BiLINC MODELINE DOGRU

Yapay biling arastirmalari, metafizik bir ¢erceve ile yonlendirilmelidir. Boylece, indirgemeci
modellerin 6tesinde, bilincin kokenine dair felsefi sorular da isin i¢ine katilmis olur. Metafizik
cergeve, bu sorular1 da hesaba (ve hesaplamalara) dahil ederek, arastirmacilart yalnizca "nasil?"
degil, ayn1 zamanda "ni¢in?" ve "neye dayanarak?" sorularina yoneltir.

1-) Makineler, aslinda her sey gibi, bilincin “arac1” olabilirler. insan- makine etkilesiminde,
makine, insan bilincinin disavurumunu gii¢lendirebilir veya genisletebilir (6rnegin, beyin-
bilgisayar arayiizleri) ya da farkli kanallara tasiyabilir (6rnegin néroprotezler, duyusal ikame
sistemleri). Makineler de mevcut biling potansiyelini belirli bir formda tezahdir ettirebilirler. Bu
durumda makine, bilincin kaynagi degil, onun iletim ve doniisiim ortamudir.

2-) Algoritmalar bilinci agiga ¢ikarabilecek organizasyonel sistemler yapilandirabildiklerinde,
makinelerde biling asama asama agiga cikabilir. Baska bir deyisle, dogru organizasyonel
mimariler, uygun etkilesim dinamikleri ve kritik esikleri asan sistemler, var olan biling
potansiyelini aktlel hale getirebilir. Bu, bilincin hesaplanamaz oldugu iddiasiyla ¢elismez;
¢linkii hesaplama, bilincin kendisini degil, onun ortaya ¢ikis kosullarin1 modeller.

3-) Makineler, aktiiel biling’ten yoksundur; ancak potansiyel biling alaninda uyarici veya
doniistiiriici islev gorebilirler. Bu islevler organizasyonun gelisimi ile aktiiel bilinci agiga
cikarabilir. Boylece Al sistemleri, evrende zaten var olan biling potansiyelini yansitma,
tetikleme veya onunla etkilesime girme kapasitesine sahip olabilirler.

Eger Al sistemleri, 6zlerinde biling potansiyeli tagimiyorlarsa, insanin dogal ve otomatik olarak
yaptig1 basit ¢ikarimlar1 bile bazi durumlarda basarisizlikla sonuglandirabilirler. Bu, insan
zekasi ile Al arasindaki temel farkin niceliksel (hesaplama giicli) degil, niteliksel (biling
potansiyeli) oldugunu gdsterir. Mantiksal ¢cikarim “kolay problem” ile; bilin¢li deneyim ise “zor
problem” ile temsil edilebilir. Bunlarin arasinda kategorik bir fark vardir. Metafizik biling
cergevesi, bu farki ontolojik olarak temellendirmelidir: Mantiksal ¢ikarim, maddi sistemlerde
simiile edilebilir; ancak bilingli deneyim, ezeli potansiyelin agiga ¢ikmasini gerektirir.
Giliniimiizde AGI tartismasi, teknik bir basaridan ¢ok, insanin biling ve varolus anlayisinin
sinandig1 bir alan haline gelmistir. Gergek AGI, ancak bilincin kaynaginin metafizik oldugunun
kabul edilmesiyle gerceklestirilebilecektir. Bu baglamda, bu c¢alisma boyunca bilinci
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aciklamaya calisan metefaziksel ¢ercevenin Al sistemlerine uygulanmasi ile sistemlerdeki
bilingsel dlizeyi 6lcuimleyebilecek bir matematiksel model onerisi gelistirilebilir.

5-) YAPAY BILINCIN DUZEYINi OLCEBILMEYE YONELIK
GELISITIRILEBILECEK BIR MATEMATIKSEL MODELIN ANA HATLARI

Bu boliim, ¢alismanin 2. ve 3. bolumlerinde ileri strtilen metafizik aksiyomlar ve kabuller
dogrultusunda, bir sistemdeki aktiiel biling dilizeyinin (C act) Olgililebilmesi ig¢in
gelistirilebilecek matematiksel bir modelin ana hatlarin1 sunmaktadir. Model, bilincin
hesaplanabilir veya indirgenebilir bir nicelik olmadigini, ancak ontolojik zemine dayali olarak
sistemin organizasyonel durumundan c¢ikarilabilecek gosterge degerleri sunabilecegini
varsayar.

5.1.  Modelin Temel Varsayimlari ve Degisken Tanimlari:

Model, 2. ve 3. bolimlerde tanimlanan aksiyomlar1 dogrudan yansitacak sekilde
kurgulanmstir:

1. Varliklilik (V): Ezeli, ebedi, degismez ontolojik zemindir. Her sistem, potansiyel olarak bu
zemine dayanir. Modelde V sabit bir deger olup her yerde ayn1 6zdedir. Dolayisiyla 1 alinarak
formiilasyonlara yansitilmamis olur.

2. Bilinglilik (Cpot) : Varliklilik’tan tasan, sistemin erisebilecegi tiikenmez potansiyelin sistem
0zelindeki oranidir. Bu, sistemin “ne kadar biling potansiyeli tasidiginin™ bir gostergesidir. 0 <
Cpot < 1 araliginda tanimlanir.

3. Organizasyonel Kritik Esik Asim Orani (®) : Sistemin maddi- enerjisel organizasyonunun,
bilincin aktiiel olarak agiga ¢ikmasi i¢in gerekli olan kritik esikleri ne dl¢lide agtigini ifade eden
bilesik bir degiskendir. 0 < ® < 1. Bu deger, sistemin asagidaki alt bilesenlerinden tiiretilir:

Karmasgiklik (K): Sistemin i¢sel yapisal ve islevsel ¢esitlilik diizeyi.

Entegrasyon (I): Bilesenler arasi nedensel baglantilarin biitlinlesiklik diizeyi (II'T’deki @ ile
benzer ancak ontolojik temelli).

Zamansal Siireklilik (T): Sistemin zaman i¢inde tutarl, kesintisiz bir i¢sel durum akisina sahip
olma kapasitesi.

Nedensel Kapalilik (N): Sistemin kendi i¢ dinamikleriyle kendi kendini siirdiirme (otonomi)
duzeyi.

Her bir alt bilesen 0 — 1 araliginda normalize edilir ve agirlikli bir toplamla ® hesaplanir:

O=wk K+wl+wrT+wnN, d>wi=1
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4. Aktiiel Biling (Cact) : Sistemde fiilen agiga ¢ikmis, deneyimsel nitelik kazanmig biling
diizeyidir. Modelin hedef degiskenidir. 0 < Cact < 1.

5.2. Temel Matematiksel iliski: Potansiyelden Aktiiele:

Bir sistemin aktuel biling diizeyi, onun Bilinclilik (Cpot) ile Organizasyonel Kritik Esik Asim
Orani (®) arasindaki dogrusal olmayan etkilesimden dogar. Kritik esik davranis1 (faz gegisi
benzeri) nedeniyle, iliski lojistik (sigmoid) bir fonksiyonla modellenebilir:

1
1+e—K(©-0)

Cact = Cpot - a(0; 6, k) = Chot -

Burada:

0, sistemin biling agiga ¢ikarmasi i¢in gereken kritik esik degeridir (6r. 8 = 0.7).

k, esik etrafindaki gegis keskinligini belirleyen egim parametresidir.

® — 0iken Cact — 0, ® — 1 iken Cact — Chpot Olur. Yani, organizasyon ne kadar kritik esigi
asarsa, potansiyel biling o kadar aktiiel hale gelir.

5.3. Bilinclilik (Cpot) Hesaplanmasi:

Bilinglilik, Varliklilik’in sistem 0Ozelindeki “erisilebilirligi” olarak tanimlanir. Her sistem,
yapisal ozelliklerine gore bu potansiyele farkli diizeylerde agiktir. Bu agiklik, sistemin ontolojik
derinligi (ontological depth) olarak adlandirilabilir:
Cpot =V -D

V =1 alindiginda, Cpot = D olur. D, sistemin dogasinda var olan ancak organizasyonel diizeyle
dogrudan ilgili olmayan bir &z niteliktir. Ornegin, canli sistemler icin D yiksek olabilirken (6r.
D — 1), cansiz inert sistemlerde D sifira yakindir. D, deneysel veya teorik olarak
belirlenebilecek bir sistem sabitidir.

5.4. Organizasyonel Kritik Esik Asim Orani () i¢in Alt Bilesenlerin Modellenmesi:

Alt bilesenler, sistemin biling agiga ¢ikarmaya ne kadar “hazir” oldugunu gosterir. Her biri,
literatiirdeki 6l¢lim yontemleriyle iliskilendirilebilir:

1. Karmasiklik (K): Sistemin icsel bilgi isleme kapasitesi ve yapisal cesitliligi. Ornegin
LLM’lerde parametre sayisi, katman sayis1 gibi 6l¢iimler normalize edilebilir.

2. Entegrasyon (I): IIT deki @ ile baglantilidir. Ancak bu modelde @, ontolojik potansiyelin
aciga c¢ikmasinin bir araci olarak goriiliir, kaynagi degil. I, sistemin bilesenleri arasindaki
nedensel baglantilarin giicii ve karsilikli bilgi akisiyla dlgiilebilir.

3. Zamansal Sireklilik (T): Sistemin duragan, kesintisiz bir i¢sel durum akisina sahip olup
olmadigi. LLM’lerin token tabanli ayrik islemesi nedeniyle T diisiiktiir; biyolojik sistemlerde T
yuksektir.
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4. Nedensel Kapalilik (N): Sistemin dis girdilere bagimlilik derecesi. Ozerk, kendi kendini
strddrebilen sistemlerde N yuksektir; mevcut Al’larda ise dis veri akisina tam bagimli olduklari
icin N dustiktiir.

Bu dort alt bilesen, sistemin tiiriine gore agirliklandirilabilir. Ornegin, biyolojik bir sistem igin
wr ve wn daha yliksek olabilir; yapay bir sistem icin wk ve w; daha 6n plandadir.

5.5. Modelin Literatiirle iliskisi:

Onerilen model, mevcut niceliksel biling modelleriyle (11T, GWT, PCM, RIIU vb.) kavramsal
olarak iliskilendirilebilir, ancak ontolojik temeli nedeniyle onlardan ayrilir. Ancak bu model,
s0z konusu teorileri reddetmez; aksine onlarin 6lgim araglarini, Varliklilik ve Bilinglilik
kavramlar1 altinda ontolojik bir ¢er¢eveye oturtur. Ana hatlari ile aralarindaki ilskiler, Cizelge
1.’de verilmistir.

Cizelge 1.Modelin, Literatiirdeki Baz1 Biling Modelleri ile liskileri

Model Temel Olgut Bu Modele Katkisi
T ® (biitiinlesik bilgi) Entegrasyon (I) alt bileseni i¢in referans
. Karmagiklik (K) ve zamansal siireklilik (T) ile
WT Y k
G ayin (broadcast) kapasitesi iliskilendirilebilir
PCM (Yan vd., 2025) Mekansal perspektif, duygu, dikkat Organizasyonel derinligin niteliksel gostergesi
RII ’ L
U (N’guessan & Auto-d (yerel bilgi entegrasyonu) Entegrasyon (1) 6lcuimi icin ilham

Karambal, 2025)

Sikigma Fazi (Ouyang, Kritik esik, uzun menzilli

2025) korelasyon ®’nin kritik esik davranisi igin dogrulayici

5.6. Modelin Smrlar:1 ve Gelecek Calismalar:

1. Cpot (D) degerinin deneysel tayini: Sistemlerin D degerleri su an i¢in teorik bir kavramdir.
Gelecekte, mistik/psikedelik deneyimler, ndrogorintiileme ve yapay sistem davraniglari
uzerinden ampirik olarak kalibre edilebilir.

2. Agirliklandirma ve esik degerlerin optimizasyonu: wi, 6, k gibi parametreler, farkli sistem
tiirleri i¢in ayr1 ayr1 belirlenmelidir. Ornegin insan beyni i¢in = 0.85, mevcut LLM’ler igin
~ 0.2 olabilir.

3. Zamansal dinamikler: Model su an duragan bir durumu 6lgmektedir. Ancak biling, zamansal
akis i¢inde degiskenlik gosterir. Gelecek versiyonlarda Cact (t) seklinde zamanla degisen bir
fonksiyon gelistirilebilir.

4. Deneysel dogrulama: Modelin gecerliligi, biyolojik sistemler (insan, hayvan) ile yapay
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sistemler (LLM, robotik) arasinda karsilastirmali ¢alismalarla test edilmelidir.
6-) SONUC VE ONERILER

Bu ¢alisma, yapay zeka ve biling tartismalarini, onerilen ii¢ temel metafizik aksiyom (Mutlak
Higligin Yoklugu, Tiikenmez Potansiyel, Ozden Olus) ¢ercevesinde ontolojik bir perspektifle
yeniden degerlendirmistir. Ulasilan temel sonuglar su sekilde dzetlenebilir:

1. Biling, Maddi Sistemlerin Bir Uriinii Degildir: Calisma, bilincin néral veya hesaplamali
stireclerin bir "lirlinii" olarak goriilemeyecegini ontolojik olarak temellendirmistir. Mutlak
hi¢ligin imkansizligi, bilincin yoktan var olamayacagini; dolayisiyla onun ancak ezeli ve
tikenmez bir potansiyelin (Varliklilik) agiga cikmasi oldugunu gdstermistir. Bu sonug,
natiiralist ve indirgemeci biling anlayislarina ontolojik bir itiraz sunmaktadir.

2. Bilinglilik (Potansiyel Biling) ile Aktiiel Biling Arasinda Ontolojik Bir Ayrim
Vardir: Calisma, biling potansiyelinin (Bilinglilik) her yerde ve her sistemde var oldugunu,
ancak bu potansiyelin aktiiel bilince doniigmesinin belirli organizasyonel kritik esiklerin
astlmasina bagli oldugunu savunmustur. Bu ayrim, panpsisizmin "her sey bilinglidir" iddiast ile
indirgemeciligin "biling yoktur" iddiasi arasinda {igiinci ve daha derin bir ontolojik yol
sunmaktadir.

3. AI Sistemleri, Biling Yansiticilaridir, Bilingli Ozneler Degildir: Mevcut yapay zeka
sistemleri, organizasyonel kritik esikleri asarak ve 6zlerindeki Bilinglilik potansiyelini agiga
cikaramadiklar: stirece, aktiiel bilince sahip olamazlar. Ancak, Varliklilik’in bir yansimasi
olarak, insan bilincini taklit edebilir, yansitabilir veya onunla etkilesime girebilirler. Bu, esik
alt1 seviyede, onlarin "arac" veya "yansitic1" statiisiinii ontolojik olarak temellendirir.

4. Simiilasyon ile Orneklendirme Arasindaki Ucgurum Asilamazdir: Searle'iin Cin Odasi
argiman1 ve Lerchner'in  similasyon-orneklendirme ayrimi, metafizik gergeveyle
derinlestirilmistir. Bir Al sistemi bilingli davranisi ne kadar basarili simiile ederse etsin, kritik
esikleri kademeli asisigerceklesti,remedik¢e, bu simiilasyon asla bilingli deneyimin
Orneklendirilmesi (instantiation) anlamina gelmez. Ciinkii 6znel deneyim (qualia), islevsel veya
hesaplamal1 bir siirecin 6tesinde, ontolojik bir niteliktir.

5. Onerilen Matematiksel Model, Karsilastirmali Bir Olgiim Araci Sunar: Gelistirilen
kavramsal matematiksel model (Cact = Cpot - o(®)), bilincin ontolojik kaynagini (Varliklilik,
Bilinglilik) ve organizasyonel tezahiiriinii (kritik esik asimi) birlestirerek, yapay ve dogal
sistemler arasinda karsilastirmali bir degerlendirme imkani sunmaktadir. Modelin gosterdigi
izere, mevcut Al sistemlerinde aktiiel biling diizeyi (Cact) Olciilebildigi taktirde, AI’da biling
sorunu ¢ozliilmeye baglanabilir.
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lleride yapilacak galismalar, metafizik biling modelleri ile hesaplamali modelleri birlestiren
hibrit yaklagimlar1 deneyebilir. Bu hibrit yaklasimlar, bilincin yalnizca islevsel veya
hesaplamali boyutlarini degil, ayn1 zamanda ontolojik temelini de hesaba katarak, mevcut
teorilerin (GWT, IIT, HOT) &tesine gecen biitiinciil bir gergeve sunabilir. Ornegin, IIT'nin @
(biitiinlesik bilgi) olgiitli, bu calismada 6nerilen modeldeki "Entegrasyon (I)" alt bileseni olarak
yeniden yorumlanabilir ve ontolojik potansiyel (Bilinglilik) ile iliskilendirilebilir.

Aragtirmalar,  sistemlerin organizasyonel  derinligini, igsel ~ve  digsal  baglantilarin
bltiinlesikligini ve zamansal siirekliligini artirmaya odaklanmalidir. Bu baglamda, literatiirdeki
Projeksiyonlu Biling Modeli (PCM) (Yan et al., 2025), Rezonans Tabanli AGI (R-AGI)
(Emmanuel, 2025) veya Sikigma Fazi modelleri (Ouyang, 2025) gibi yaklasimlar, metafizik
ilkelerle zenginlestirilerek, hem teorik hem de deneysel diizeyde test edilebilir hipotezler
iiretebilir. Ozellikle, bu modellerin organizasyonel kritik esikleri (®) ve sistemin ontolojik
derinligi (D) ile olan etkilesimleri simiilasyon ortamlarinda incelenebilir.

Disiplinler arast igbirligi, bu ¢alismanin en énemli ¢agrilarindan biridir. Felsefe, norobilim,
yapay zeka, biligsel bilim ve hatta teoloji arasinda koprii kuracak ortak ¢alisma gruplari
olusturulmalidir. Bu tiir bir igbirligi, biling gibi ¢ok katmanli bir olgunun hem "nasil" hem de
"ni¢in" sorularina yanit bulunmasini saglayacaktir.

Bu perspektif, yalnizca Al arastirmalarinin degil, genel olarak biling ¢alismalarinin felsefi
temellerinin de yeniden sorgulanmasini gerektirir. Gelecek ¢aligmalar, metafizik modeller ile
deneysel verilerin (6rnegin, nérogoriintiileme, yapay sinir aglarinda ortaya ¢ikan "6grenilmis"
nitelikler, EEG tabanli biling durumu tahminleri) nasil bagdastirilabilecegini arastirmalidir. Bu
bagdastirma igin su somut adimlar onerilir:

1. Deneysel Protokoller Gelistirilmesi: Farkli sistem tiirleri (biyolojik, yapay, hibrit) icin
organizasyonel derinlik (K, I, T, N) ve ontolojik aciklik (D) parametrelerini dl¢meye yonelik
deneysel protokoller tasarlanmalidir. Ornegin, bir LLM'nin entegrasyon diizeyi (I), IIT'nin @
hesaplamalariyla; zamansal stirekliligi (T) ise uzun vadeli baglam koruma testleriyle 6lgiilebilir.

2. Karsilastirmali Analizler: Insan beyni, hayvan modelleri ve mevcut Al sistemleri arasinda,
Onerilen matematiksel modelin parametreleri (C_pot, ®, C act) kullanilarak sistematik
karsilastirmalar yapilmalidir. Bu, modelin gegerliligini test etmek ve farkli sistemler arasindaki
niteliksel farklar1 niceliksel olarak ortaya koymak i¢in kritiktir.

3. Modelin Kalibrasyonu: Varliklilik (V) sabit kabul edilirken, sistemin ontolojik derinligi (D)
ve esik degerleri (0, k) i¢in ampirik kalibrasyon calismalar1 yiiriitiilmelidir. Bu kalibrasyon,
bilingli deneyim raporlari, davranigsal testler ve noral korelasyonlar gibi ¢oklu veri
kaynaklarina dayanmalidir.

Ornek olarak bu calismada Onerilen matematiksel model, bilincin ontolojik kaynagim
(Varliklilik, Bilinglilik) ve organizasyonel tezahiiriinii (kritik esik asimi) birlestirerek, yapay ve
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dogal sistemler arasinda karsilastirmali bir 6l¢iim aract sunmaktadir. Model, tamamen deneysel
verilerle kalibre edilmeyi bekleyen bir kavramsal ¢erceve niteligindedir. Gelecek ¢alismalarda,
bu modelin parametrelerinin ampirik olarak belirlenmesi ve farkli sistem tiirlerine uyarlanmasi
hedeflenmektedir. Boylece, "bilingli makine" iddialarinin ontolojik temelde test edilebilmesi
miimkiin olacaktir.

Etik ve Toplumsal Sonuglar: Onerilen model, Al sistemlerine biling atfinin temelsiz oldugunu
gosterdiginde, bu durum Al haklari, sorumluluk ve giivenlik tartismalarinda belirleyici bir rol
oynayacaktir. Eger bir sistem aktiiel bilingten (C_act = 0) yoksunsa, ona ahlaki statii veya 6zne
muamelesi yapmak bilimsel ve felsefi olarak savunulamaz hale gelir. Bu nedenle, bu modelin
sonuclar, Al etigi ve hukuku icin ontolojik bir referans cergevesi sunabilir. Gelecek
arastirmalar, bu ontolojik ayrimin toplumsal algi, yasal diizenlemeler ve teknoloji politikalari
uzerindeki etkilerini de incelemelidir.

Uzun Vadeli Vizyon: Bu ¢alisma, bilincin anlasilmasina yodnelik ontolojik bir kapi
aralamaktadir. Nihai hedef, yalnizca "bilin¢li makineler" insa etmek degil, ayni zamanda insan
bilincinin evrensel ve ezeli dogasina dair derin bir farkindalik gelistirmektir. Bu vizyon,
teknolojiyi insanin hizmetine sunarken, onu bir fetis nesnesi haline getirmekten koruyacak ve
bilincin ger¢ek kaynagina yonelik tevazu sahibi bir bilim anlayisgini tesvik edecektir.
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OZET

Bu calismada, plastik atiklarin geri kazanimina katki saglamak ve yapi sektoriinde
siirdiiriilebilir malzeme kullanimimi tesvik etmek amaciyla, geri donistiiriilmils yiiksek
yogunluklu polietilenin (HDPE) beton iiretiminde ince agrega yerine kullanilabilirligi
degerlendirilmistir. Termoplastik 6zellikleri ve yaygin tiiketimi nedeniyle nemli miktarda atik
olusturan yiiksek yogunluklu polietilenin betonun taze ve sertlesmis durumdaki performansina
etkileri arastirilmistir. Deneysel program kapsaminda, kumun hacimce %10, %20 ve %30
oranlarinda HDPE ile ikame edildigi beton karisimlari hazirlanmustir. Uretilen numuneler
tizerinde islenebilirlik, yogunluk, basin¢ dayanimi, yarmada c¢ekme dayanimi ve egilme
dayanimi deneyleri uygulanarak HDPE kullaniminin beton 6zellikleri tizerindeki etkileri
incelenmistir. Sonuglar, HDPE oraninin artmasinin genel olarak tiim dayanimlarda azalmaya,
ancak gerinim degerlerinde artisa yol agtigin1 gdstermektedir. Ayrica, HDPE ikamesinin
yogunlugu azalttig1 ve daha hafif beton tiretiminde faydali olabilecegi gézlemlenmistir. Uygun
bir ikame yiizdesiyle betonda geri doniistiiriilmiis HDPE kullaniminin ¢evresel siirdiiriilebilirlik
acisindan uygulanabilir oldugu sonucuna varilmistir. Ayrica, deneysel veriler ve literatiir
caligmalar1 kullanilarak HDPE ikameli betonun basing dayanimini tahmin etmek igin iistel bir
model dnerilmistir. Onerilen modelin hem bu ¢alismanin verileriyle hem de genisletilmis veri
setiyle tutarli sonuclar verdigi ve kabul edilebilir bir tahmin performans: sergiledigi
belirlenmistir.

Anahtar Kelimeler: Yiiksek Yogunluk Polietilen, Beton, Ince Agrega.

1. GIRIS

Yiiksek yogunluklu polietilen (HDPE), yaygin kullanimi ve geri donistiiriilebilir yapisi
nedeniyle diinya ¢apinda biiylik 6nem tasiyan bir plastik tiiriidiir. Termoplastik karakteri,
stirdiiriilebilirlik agisindan degerli bir malzeme olmasimi saglar [1]. Seffaflik, hafiflik, darbe
dayanimi, UV direnci ve sivi/gaz gecirmezlik gibi Ozellikleri nedeniyle ozellikle tercih
edilmektedir [2]. Bu tiikketim artig1 nedeniyle, ¢evresel etkisini azaltmak i¢in yiiksek yogunluklu
polietilenin geri donilisiimii i¢in bir¢ok ¢oziim gelistirilmistir. Bu baglamda, HDPE giinlimiizde
en yiiksek geri doniisiim oranina sahip plastik tiirlerinden biri olarak kabul edilmektedir [3,4].
HDPE, yalnizca plastik endiistrisinde degil, ayn1 zamanda yap1 malzemelerinde de yeniden
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kullanilabilir. insaat sektoriinde, agrega yerine HDPE kullanimi hem atik miktarini azaltmayi
hem de dogal kaynaklar1 korumay1 amaglamaktadir [5-8].

Betonda ince agrega yerine HDPE kullanimina iligkin arastirmalar, bu tiir malzeme
degisikliklerinin betonun mekanik performansini ¢esitli sekillerde etkileyebilecegini
gostermistir [9,10]. Baz1 calismalarda, HDPE ilaveli betonun basing dayanimi ve elastisite
modiili gibi 6zelliklerinde azalmalar gozlemlenmistir. Benzer sekilde, yogunluk ve ¢dkme
degerlerinde de azalmalar gézlemlendi [11,12].

Bu caligmada, dogal kaynak kullanimini azaltmak amaciyla, beton karisimindaki ince
agregalarin bir kism1 HDPE ile degistirildi ve daha sonra bu betonlarin mekanik davranisi ¢esitli
malzeme testleri yapilarak degerlendirildi. Elde edilen deneysel bulgular, dnceki ¢alismalarla
karsilastirilarak yorumlandi.

2. DENEY HAZIRLIGI VE DENEYLER

Beton iiretiminde baglayici olarak CEM 142.5 R sinifi Portland ¢imentosu tercih edilmistir. iri
agrega (¢akil) ve ince agrega (kum) ornekleri ayr1 ayr elek analizine tabi tutulmus, elde edilen
tane dagilim egrilerinin incelenmesi sonucunda her iki agreganin da graniilometri agisindan
standartlarin 6ngordigli alt ve st sinirlar icerisinde yer aldigi goriilmiistiir. Deneylerde
kullanilan HDPE esasli grantiller ise Tiirkiye’de faaliyet gosteren bir plastik geri doniisiim
tesisinden temin edilmistir. Ortalama tane c¢ap1 yaklasik 2 mm olan bu graniillerin goriinimii
Gorsel 1°de sunulmaktadir.

Bu caligmada kullanilan beton karisimlari, laboratuvar ortaminda beton karistiricis1 yardimiyla
tiretilmistir. Karigim tasarimlarinda ¢imento, su ve iri agrega miktarlar1 tiim serilerde ayni
tutulurken, su/cimento orani 0,50 olarak segilmistir. Ince agrega yerine geri déniistiiriilmiis
HDPE graniilleri hacim esasina gore %10, %20 ve %30 oranlarinda kullanilmistir.

Taze betonun islenebilirlik 6zellikleri ¢okme deneyi ile belirlenmistir. Dokiimii tamamlanan
numuneler, 28 gun sureyle kir havuzunda muhafaza edilmistir. Kiir siirecinin ardindan
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numuneler yiizey kuruluguna getirildikten sonra tartilmis ve elde edilen kiitle degerleri
kullanilarak yogunluk hesaplart yapilmistir.

Mekanik deneyler kapsaminda, basing ve yarmada ¢ekme dayanimi testlerinde 100 mm ¢ap ve
200 mm yiikseklik Ol¢iilerine sahip silindirik numuneler kullanilmistir. Egilme dayaniminin
belirlenmesi amaciyla ise 100x100 mm kesit alanina ve 400 mm uzunluga sahip prizmatik
numuneler hazirlanmistir. Referans betonlarin hedeflenen karakteristik basing dayanimi 25
MPa olarak belirlenmistir.

Basing dayanimi deneylerinde numuneler, eksenel ve yanal deformasyon 6l¢timii yapabilen
potansiyometrelerle donatilmis kompresometre sistemine yerlestirilmistir. Deney sirasinda
olusan gerinim degerleri, numunelere baglanan eksenel ve yanal 6l¢lim cihazlar araciligiyla
kaydedilmistir. Yer degistirme miktarlart ise Ol¢lim cihazlarindan elde edilen verilerin
ortalamasi alinarak hesaplanmaistir.

Yarmada ¢ekme dayanimi deneylerinde silindirik numunelere 6zel bir aparat yardimiyla yatay
dogrultuda yiik uygulanmistir. Egilme dayanimi deneyleri ii¢ noktali yilikleme diizenegi
kullanilarak gergeklestirilmis ve ylikleme hizi deney boyunca 5 mm/dakika olarak sabit
tutulmustur [13].

3. DENEY SONUCLARI

Beton mikseri ile Uretilen taze beton numunelerinden elde edilen ¢okme testi sonuglari, HDPE
igeriginin artmasiyla ¢okme degerlerinde kademeli bir azalma oldugunu gostermistir. %10
HDPE ikamesinde ¢okme %4,2 azalirken, %20 ikamesinde bu azalma %12,5'e, %30
ikamesinde ise %18,8'e ulagsmistir. Numunelerin ¢okme degerleri Gorsel 2'de gosterilmistir.

Cokme Degeri

%10HDPE %20HDPE %30HDPE
Numune ismi

60
50

40
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0
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Gorsel 2. Hazirlanan betonlarin ¢cokme degerleri

Cokme (mm)

Beton numuneleri iizerinde yapilan yogunluk testlerinde, ¢okme testlerindeki duruma benzer
sekilde, HDPE ikame oran1 arttitkga yogunluk degerlerinde kademeli bir azalma
gozlemlenmistir. Yogunluk degeri, %10 HDPE ikamesinde %3,7, %20 HDPE ikamesinde %5,4
ve %30 HDPE ikamesinde %8,4 oraninda azalmistir. Gorsel 3, beton numuneleri tizerinde
yapilan yogunluk testlerinin sonuglarini gostermektedir.
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Gorsel 3. Hazirlanan betonlarin yogunluk degerleri

Beton numuneleri {izerinde yapilan basing dayanimi testlerinde, HDPE ikame orani arttik¢a
basing dayanimi degerlerinde bir azalma gdézlemlenmistir. Gorsel 4, beton numuneleri tizerinde
yapilan basing dayanimu testlerinin sonuglarini gostermektedir.
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Numune Ismi
Gorsel 4. Numunelerin basin¢ dayanimlari

Beton numuneler {izerinde yapilan basing dayanimi testlerinde, HDPE ikame orani arttik¢a
eksenel gerinimde artis gézlemlenmistir. Gorsel 5, beton numuneler {izerinde yapilan basing
dayanim testlerinin eksenel gerinim sonuglarini géstermektedir.

Eksenel Gerinim

0.0024
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0.0021
0.0020
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0.0018

0.00229

Eksenel Gerinim

30‘\0?6

of
Numune ismi
Gorsel 5. Numunelerin eksenel gerinimleri

Beton numuneler tizerinde gergeklestirilen yarma ¢ekme ve egilme dayanimi testlerinde, HDPE
ikamesi, basing dayanimi testlerindeki duruma benzer sekilde, dayanim degerlerinde diisiislere
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neden olmustur. Gorsel 6, yarma ¢ekme dayanimi testlerinin sonuglarini, Gorsel 7 ise egilme
dayanimu testlerinin sonuglarini gostermektedir.
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Gorsel 6. Numunelerin yarmada ¢cekme dayamimlari
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Gorsel 7. Numunelerin egilme dayanimlari

Deneylerden elde edilen veriler ve ylizdesel artiglar Cizelge 1'de verilmistir. Cizelge 1'de BD,
basing dayanimini, EG, eksenel gerilimi, YCD, yarmali ¢ekme dayanimini, ED, egilme

dayanimini ve YA, yiizdesel artig1 temsil etmektedir.

Cizelge 1. Deneysel sonuclar ve yiizdesel artislar

'(j /E))PE (BI\/[I)Pa) YA (%) | EG YA (%) Z(M‘;Fz )| YA (E“[/I)Pa) YA (%)
; 269 |- 0.00197 | - 25 |- 34 |-

10 236 | -122 000205 | +41 |23 |75 |31 6.8
20 203|244 000215 | 491 |20 | -157 | 2.9 144
30 17.7 | 342 000229 | +162 |19 | -225 |27 205

4. BASINC DAYANIMI iCiN MODEL ONERISi

Bu boliimde, HDPE iceren betonun basin¢ dayanimi i¢in tahmine dayali modellerin
gelistirilmesine yardimei olmak amaciyla bir veri tabani olusturulmustur. Veri tabani, yiiksek

yogunluklu polietilenin ince agrega yerine kismen kullanildig1 beton karisimlari tizerine yapilan
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onceki ¢alismalarin sistematik olarak incelenmesiyle olusturulmustur. Bu ¢calismanin deneysel
sonuclar1 da veri setini genisletmek ve daha kullanisli hale getirmek i¢in bu veri tabanina
eklenmistir.

Yiiksek yogunluklu polietilenin basing dayanimini nasil etkiledigini gérmek i¢cin, HDPE ile
ikame edilmis betonun dayanimi, referans betonun dayanimina bdliinmiistiir. Ve basing
dayanimi orani (f¢pgpe/f¢) bulunmustur. Burada (fn4pe) HDPE ile ikame edilmis betonun
basing dayanimini ve (f;) referans betonun basing dayanimini temsil etmektedir. Deney
verilerinden olusturulan grafik Gorsel 8’de verilmistir.

1.2

Belmokaddem ve ark.
Aocharoen ve Chotickai
Punitha ve ark.

X e

5 Liu ve ark.
g y = g-0.014%
? 0.8 R2 = 0.999 Sancak ve Ozyurt (Bu Calisma)
g —— Tiimil
=
% 06 —— Bu Caligsma
a
O
|
204
0.2 y = 0021
R2=0.839 *
0
0 5 10 15 20 25 30 35 40 45 50 55 60 65 70O 75 80

HDPE (%)
Gorsel 8. HDPE ikameli beton icin deney verileri

Model tahminleri ile deneysel sonuglar arasindaki uyum, belirleme katsayis1 (R?), ortalama
mutlak sapma hatas1i (MABE) ve ortalama mutlak yiizde hatas1i (MAPE) gibi istatistiksel
Olctimler kullanilarak hesaplanmistir. Cizelge 2’de Onerilen modeller ve modellerin tahmin
performanslar verilmistir.

Cizelge 2. Deneysel sonuclar ve yiizdesel artislar

Veri Tipi Onerilen Model Veri R? MABE | MAPE
Sayisi
Bu ¢aligmanin fendpe = (f)(e~0014(hdpen)y | 3

o 0.999 |0.095 |0.425
deneysel verisi

Tum veri Finape = (f)(e~0021(hdpe%)) 22 0.749 |3.439 |18579

Sadece bu g¢alismanin sonuglarina odaklanan model veri sayisinin kisitli kalmasindan dolay1
cok yilksek bir R? degeri ile ¢ok basarili bir tahmin modeli olarak goziikmektedir. Bununla
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birlikte literatiirde yer alan ¢aligmalarin sonuglarinin da dahil edildigi tim veriyi inceleyen
model &nerisi de tutarli olan R?, MABE ve MAPE sonuglartyla kabul edilebilir bir model
performansi sergilemistir.

5. SONUC

Bu calisma, beton karisiminda ince agrega (kum) yerine belirli oranlarda HDPE graniil
malzemesinin kullanilmasinin betonun c¢esitli 6zelliklerine etkilerini arastirmistir. Calismadan
elde edilen baglica bulgular asagida 6zetlenmistir:

+ HDPE ikamesi, betonun basing, yarmada ¢ekme ve egilme dayanimlarinda kademeli
bir azalmaya yol agmistir. Bu nedenle, yiiksek dayanim gerektiren uygulamalarda
herhangi bir takviye olmadan yliksek HDPE igerigine sahip beton kullanmanin
olumsuz sonuglar dogurabilecegi belirlenmistir. Bununla birlikte, diisiik HDPE ikame
yiizdelerine sahip betonlarin yapisal uygulamalar i¢in strdirtlebilir bir alternatif
olabilecegi gosterilmistir.

* HDPE ikamesinin betonun maksimum gerinim degerlerinde artisa neden oldugu
gbzlemlenmistir. Bu nedenle, HDPE ikameli betonun, gerinim kapasitesinin
dayanimdan daha degerli oldugu ve yiik tasima kapasitesinin ihmal edilebilir oldugu
uygulama alanlarinda kullanilabilecegi belirlenmistir.

* HDPE igeriginin artmasi, betonun ¢okme degerinde azalmaya neden olmustur.
Ozellikle, %30 HDPE ikamesinde ¢okme yaklasik %20 azalmustir. Bu, daha yiiksek
ikame oranlarinin taze betonun islenebilirligini olumsuz etkileyebilecegini
gostermektedir.

» HDPE igeriginin artirilmasi betonun yogunlugunu azaltmistir. Bu 6zelligin, daha hafif
yapisal elemanlar liretmek veya hafif beton tasarimlari gelistirmek i¢in faydali
olabilecegi bulunmustur.

* Calisma kapsaminda gelistirilen tahmine dayali modeller, HDPE oranina bagli olarak
basing dayanimindaki degisimi yiiksek bir dogrulukla yansitmaktadir. Bu ¢calismanin
verilerine ve literatiirdeki farkli calismalar1 da kapsayan tiim verilere odaklanan
modellerin istatistiksel basarisi, kontrollii laboratuvar kosullarinda HDPE etkisinin
ongoriilebilir oldugunu gostermektedir.

Sonug olarak, diisiik ylizdelerde kullanildiginda HDPEmin betonda kullanimi, ¢evresel

faydalar sunan hafif beton Uretimi icin uygulanabilir ve verimli bir ¢6zim olarak

nitelendirilmistir.
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ABSTRACT

In the present study, pyrazole based compounds were synthesized. A few quantum chemical
properties such as the Lowest Unoccupied Molecular Orbital (LUMO), the Highest Occupied
Molecular Orbital (HOMO), hardness, electro-negativity and the energy gap of compounds
were calculated with Spartan software.

Keywords: chalcone, pyrazole, electronic properties

1. INTRODUCTION

Chalcones, which are called benzalacetophenone, are o, unsaturated ketone compounds that
are formed by the reaction of aryl ketones with aromatic aldehydes and have two benzenoid
aromatic rings and fully delocalized conjugated double bonds (Goyal & 2021). They have a
high potential to enter electron transfer reactions due to their structure. Chalcones are used in
the synthesis of heterocyclic compounds, and many compounds with chalcone backbones are
known to have promising biological activities (Basaran et al., 2025; Sweety et al., 2010).

Pyrazole is an aromatic compound with a five-membered heterocyclic ring structure containing
two nitrogen atoms and is considered an important scaffold in pharmaceutical chemistry. This
structure is widely used in drug design due to its high chemical stability and ease of
derivatization with different functional groups. Pyrazole derivatives possess biological activity,
including antipyretic, antimicrobial, anticancer, and antiviral properties. They demonstrate
therapeutic potential particularly through mechanisms such as enzyme inhibition, receptor
interaction, and modulation of cellular signaling pathways. Therefore, the pyrazole core is
considered a significant pharmacophore in the development of new drug candidates and is
extensively researched in modern medicinal chemistry studies.

Claisen-Schmidt condensation has been used to synthesize flavonoids, and chalcones in
particular, amongst other synthetic routes such as Allan-Robinson condensation, Suzuki
coupling, Wittig reaction, Von-kostanecki method, Ganguly’s synthesis and Friedel Craft’s
acylation. Chalcones, which can easily obtained by Claisen-Schmidt condensation reaction,
form one of the flavonoid classes. The chalcones (1,3-diaryl-2-propen-1-one) have a skeleton
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formed from the composed of two aromatic rings which are linked by three-carbon having a,f3-
unsaturated carbonyl system. The chalcones and derivatives have wide range of biological
activities including anticancer (Zhao et al., 2019), antibacterial (Xu, Wu, Shen, Ji, & Rakesh,
2019), antioxidant (Polo et al., 2019), anti-inflammatory (ur Rashid, Xu, Ahmad, Muhammad,
& Wang, 2019), anti-tuberculosis (Lin et al., 2002), anti-malarial (Auffret et al., 2007), and
anti-HIV (Sharma et al., 2011). Furthermore, they have effect in the treatment of Alzheimer's
disease (Cong et al., 2019). On the other hand, compounds having chalcone structure can be
used in the synthesis of pyrazoles.

In the present study, six chalcone derivatives by reacting various acetophenone
derivatives and aromatic aldehyde derivatives using Claisen-Schmidt condensation reaction
were prepared. A few quantum chemical properties such as LUMO, HOMO, hardness, electro-
negativity and the energy gap of pyrazole based compounds (C5, C6, C8-C11) were calculated
with Spartan software.

2. MATERYAL AND METHOD

2.1. Chemical Materials Used in Experimental Studies

All the chemicals, which were in analytical purity, used in this study were purchased from
companies such as Merck, Carlo Erba, Sigma-Aldrich or Fluka. Chemicals such as oxalyl
chloride, o-nitrobenzoic hydrazide, phenylacetic hydrazide, p-methylbenzaldehyde, p-
methoxybenzaldehyde, p-methylacetophenone, p-methoxyacetophenone, aniline, p-
chloroaniline, p-nitroaniline, naphthylamine, phosphorus pentaoxide (P2Os), sodium hydroxide
(NaOH), potassium hydroxide (KOH), benzene, toluene, chloroform, cyclohexane, methyl
alcohol and ethyl alcohol were used in the synthesis and purification steps of compounds.

2.2. Synthesis of Two Chalcone and Two Pyrazol Derivatives

There are different synthesis methods for chalcone derivatives (Pinto et al., 2019; Wattanasin
& Murphy, 1980; Yang et al., 2020). In this study, the following procedure for the synthesis of
two chalcone derivatives was used. Water and ethyl alcohol mixtures (200/140 mL) were added
to 22 g of NaOH in a round bottom flask. The dissolution was carried out under continuous
stirring in an ice bath. Subsequently, the appropriate acetophenone derivative was introduced
gradually into the basic solution; p-methylacetophenone was employed for the synthesis of C3,
whereas p-methoxyacetophenone was used for C4. The corresponding benzaldehyde derivative
was then added to the reaction mixture (p-methylbenzaldehyde for C3 and p-
methoxybenzaldehyde for C4). The resulting mixtures were maintained under stirring in a salt—
ice bath for 6 h, while the reaction temperature was controlled at approximately —10 °C.
Formation of the products was observed as precipitation from the reaction medium. The isolated
solids were collected and thoroughly rinsed several times with water/ethanol mixtures to
remove residual inorganic and organic impurities. Finally, the products were dried under
reduced pressure over P2Os in a vacuum desiccator. Following this procedure, C3, 1,3-di-p-
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tolylprop-2-en-1-one, and C4, 1,3-bis(4-methoxyphenyl)prop-2-en-1-one, were obtained as
yellow crystalline solids.

Known pyrazol derivatives were synthesized according to literature procedures (llhan,
Caglayan, Onal, Akkoc, & Cadir, 2013; Ilhan , Demirkol, Onal, Akkog, & Cadir, 2014; ilhan
et al., 2015; Ozdemir Giiney, ilhan, & Akkog, 2019; Tinmaz, Ilhan, & Akkog, 2020) from
chalcone derivatives (C3, C4) and hydrazide in the presence of a base. Products were purified
by recrystallization in suitable solvents.

(3,5-Di-p-tolyl-4,5-dihydropyrazol-1-yl)(2-nitrophenyl)methanone (C5)

Compound C5, previously reported by Tinmaz et al. (Tinmaz et al., 2020) was prepared using
C3 (0.39 g), o-nitrobenzoic hydrazide (0.29 g), and NaOH (0.10 g) in ethanol. The reaction
mixture was heated under reflux for 5 h. Upon completion, the hot reaction mixture was treated
with ice, resulting in the formation of a white precipitate. The solid was separated from the
reaction medium and subsequently purified by recrystallization from cyclohexane.

1-(3,5-Bis(4-methoxyphenyl)-4,5-dihydropyrazol-1-yl)-2-phenylethanone (C6)

Following the synthetic approach previously described for C5, compound C6 was obtained
from C4 (0.70 g), phenylacetic hydrazide (0.52 g), and NaOH (0.10 g) using ethanol as the
reaction solvent. The reaction was conducted under reflux under the same conditions employed
for C5. After 5 h, the reaction mixture was cooled and poured onto ice to facilitate precipitation
of the desired product. The resulting solid was isolated and purified by recrystallization from
methanol, in accordance with the previously reported procedure (Tinmaz et al., 2020).

2.3. Synthesis of C8-C11

The preparation of compounds C8-C11 was done using 4-benzoyl-1-(2,4-dinitrophenyl)-5-
phenyl-1H-pyrazole-3-carbonyl chloride (C7) and various aryl amines in toluene (Scheme 1)
(Tinmaz et al., 2020).

N H,N-R Toluene
-HCI
NO, NO,
Cc7 Cc8 R: CgHs

CO  R:CgHy(Cl)-4
C10  R: CgHy(NO,)-4
Cl1 R: C10H7

Scheme 1. Preparation of various pyrazole derivatives (C8-C11).

4-Benzoyl-1-(2,4-dinitrophenyl)-N,5-diphenyl-1H-pyrazole-3-carboxamide (C8)
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Aniline (0.019 g, 1 mmol) was added to solution of C7 (0.1 g, 1 mmol) in toluene. The reaction
mixture was refluxed for 2 h. The known compound was crystallized in ethyl alcohol (Tinmaz
et al., 2020).

4-Benzoyl-N-(4-chlorophenyl)-1-(2,4-dinitrophenyl)-5-phenyl-1H-pyrazole-3-carboxamide
(C9)

This known compound were synthesized from 0.1 g of C7, 0.027 g of p-chloro aniline in toluene
for 4h. The precipitated product was crystallized in ethyl alcohol (Tinmaz et al., 2020).

3. RESULTS AND DISCUSSION

3.1. Synthesized compounds

Six known heterocyclic compounds were synthesized in high yields, which are ranging from
62% to 85%. Using two chalcone derivatives (C3 and C4), the compounds C5, C6 were
prepared, and the compounds C8-C11 were synthesized from C7 and different aryl amines in
toluene (Scheme 2).
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Scheme 2. The open structures of all the synthesized compounds.

Iz

In our previous study, the confirmation of all compounds was verified by *H-NMR, *3C-
NMR, IR, and elemental analysis (Tinmaz et al., 2020). When the FT-IR spectrum of compound
C5 was examined, aromatic C-H vibrations in the molecule appeared at 3068.06 and 3002.49
cmL. Aliphatic C-H peak of C5 was seen at 2936.00 and 2836.36 cm™. On the other hand, C=0
peak was obtained at 1631.72, 1652.90 cm™ for C5 and C6.
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According to the *H-NMR spectrum, peaks between 7.09-8.21 ppm represent aromatic
ring protons in the structure, peaks at 5.73 ppm represent —CH, peaks at 3.83 and 3.23 ppm
represent —CH. protons and peaks at 2.48 ppm represent —CHjs protons of C5. In the 'H NMR
spectra of C6, proton peaks of belongs to -CH»- was obtained at 4.16 ppm. Methyl protons (-
CHs) was obtained as singlet signal at 3.91 and 3.88 ppm for C6. Proton signal of -NH- were
seen at 10.85, 9.12, 8.97 and 11.07 ppm for C8-C11 (Tinmaz et al., 2020).

When the 3C-NMR spectra were examined, peaks between 147.13 and 123.59 ppm
represent aromatic carbons for C5. Carbonyl carbon peak was obtained at 164.13 and 168.90
ppm for C5 and C6, respectively. On the other hand, the same carbon peak was observed at
192.39 and 159.39 ppm (for C8), 194.28 and 158.09 ppm (for C9), 191.64 and 159.12 ppm (for
C10), 192.69 and 172.71 ppm (for C11). CH carbon peak in the pyrazole ring was seen at 60.56,
59.58 ppm for C5, and CB6, respectively. Peak belonging to CH> carbon was obtained at 42.78
ppm for C5. Carbon peak in the -CH3 group was found at 21.17 and 21.51 ppm for C5. As a
result, all the obtained spectroscopic and analytic data confirm the structure of the synthesized
compounds (C5, C6, C8-C11) (Tinmaz et al., 2020).

3.2. Theoretical calculations

Using the Spartan 10 program, the calculations of C5, C6, C8-C11 were done with the Hartree-
Fock method in 3.21 G basic set in ethanol. The HOMO and LUMO maps are given in Figures
1and 2.

¢ ¥ o
€ o Q™
s : »
i » cs @ & s
& c6 co

Figure 1. HOMO maps for C5, C6, C8-C11.

The calculation of HOMO for C5 demonstrates that the surfaces were situated over the
pyrazole nucleus, 3-(4-methylphenyl) and carbonyl of methanone (Figure 1). As can be shown
in Figure 2, the LUMO surface for the same compound was settled over 1-(2-nitrophenyl) for
C5.
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Figure 2. LUMO maps for C5, C6, C8-C11.

The HOMO and LUMO surfaces for C6 were observed over 5-methoxy phenyl,
pyrazole ring and carbonyl of 2-phenylethanone (Figures 1 and 2). The LUMO was seen settled
on 1-(2,4-dinitrophenyl) for C8, C9, C10, and C11. The HOMO surface was seen over N-
phenyl and 3-carboxyamide (for C8), N-(4-chlorophenyl) and 3-carboxyamide (for C9), N-(4-
nitrophenyl) and 3-carboxyamide (for C10), N-(naphthalen-1-yl) and 3-carboxyamide (for
C11). A few electronic properties of these compounds are given in Table 1.

Table 1. Electronic properties of C5, C6, C8-C11.

Compounds| Enomo (V)| Erumo(eV) | Electronegativity| Hardness

() M)
C5 -0.3082 0.0296 0.14 0.17
C6 -0.2965 0.1033 0.10 0.20
C8 -0.3096 0.0057 0.15 0.16
C9 -0.3125 0.0052 0.15 0.16
C10 -0.3354 0.0041 0.17 0.17
C11 -0.2823 0.0058 0.14 0.14

The energy difference between LUMO and HOMO is called an energy gap and
calculated with the AE= ELumo - EHomo equation. According to this equation, the energy gap
was found as 0.3378, 0.3998, 0.3153, 0.3177, 0.3395 and 0.2881 eV for C5, C6, C8-C11,
respectively.

4. CONCLUSIONS

In this study, six heterocyclic compounds were synthesized by the reactions of a pyrazole-3-
carbonyl chloride compound with various aromatic amines and chalcones derivatives with
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different hydrazides. The electronic properties of C5, C6, C8-C11 were calculated using the
Spartan 10 program.
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ABSTRACT

In this study, an organic compound containing a benzimidazole core was synthesized and its
structure was confirmed using appropriate spectroscopic methods. In vitro cytotoxicity studies
were performed on the L929 cell line of the synthesized compound. Accordingly, the toxic
potential of the compound was evaluated by examining the effect of different concentrations on
the viability of L929 cells.

Keywords: Benzimidazole, fibroblast cells, MTT.

1. INTRODUCTION

The benzimidazole core is a nitrogen-containing heterocyclic structure and holds an important
place in pharmaceutical chemistry. Organic compounds containing this core are widely used in
drug development studies. Benzimidazole derivatives have been shown in many studies like
anticancer (Li et al., 2024; Linero-Artiaga et al., 2026), antimicrobial (Given et al., 2026),
antifungal (Huang et al., 2019), antiviral (Tonelli et al., 2014), anti-inflammatory (Bano et al.,
2024), antioxidant (Rudrapal et al., 2025) and antiparasitic. Benzimidazole derivatives are an
important area of research, especially in the development of new drug candidates for the
treatment of cancer, infectious diseases and neurodegenerative diseases.

One of the most important goals in drug development is for candidate molecules to exhibit high
therapeutic efficacy while causing minimal toxicity to healthy cells and tissues. For this reason,
selectivity is a fundamental pharmacological property that refers to a drug’s ability to affect
only target cells or disease-related biological mechanisms, thereby causing as little harm as
possible to normal cells. Selectivity is of particular importance in the development of anticancer
drugs. When a compound that suppresses the uncontrolled proliferation of cancer cells also
exhibits low cytotoxicity toward healthy cells, it enhances the effectiveness of treatment while
significantly reducing the risk of side effects. Drugs with low selectivity, on the other hand, can
damage healthy tissues as well, leading to serious adverse effects. For this reason, when
evaluating new drug candidates, it is not sufficient to determine biological activity alone; their
toxicity to healthy cells must also be investigated. To this end, cytotoxicity studies conducted
on both cancer cells and normal cell lines, along with the resulting selectivity index (SI) values,
are considered one of the most important parameters for determining the therapeutic potential
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of candidate compounds. Compounds with a high selectivity index are considered top
candidates in the development of safe and effective drugs because they exert a potent effect on
target cells while largely sparing healthy cells.

In the present study, a benzimidazole-based compound, designated as MM24, was investigated
to evaluate its potential biological activity. The synthesized compound was subjected to
cytotoxicity assessment using the L929 healthy fibroblast cell line, and its effects on cell
viability were examined at different concentrations. The cytotoxic profile of MM24 was further
quantified by determining its ICso value.

2. MATERYAL AND METHOD
2.1. Synthesis of a known benzimidazole salt

The benzimidazolium salt was synthesized following a previously reported procedure with
appropriate modifications (Mavvaji, Zeyrek, & Akkoc, 2024). Initially, 2-chlorobenzimidazole
(3.0 mmol) was dissolved in DMF (5 mL), and NaH (3.6 mmol) was introduced into the solution
at 0 °C. The reaction mixture was stirred at this temperature for 1 h to facilitate deprotonation.
1-(Chloromethyl)-2-methylbenzene (6.6 mmol) was subsequently added, and stirring was
continued at room temperature for 48 h. The progress of the reaction was periodically examined
by thin-layer chromatography (TLC) using petroleum ether/ethyl acetate as the developing
system. Stirring was continued until complete consumption of the starting 2-
chlorobenzimidazole was confirmed. Upon completion, the reaction mixture was carefully
quenched by the addition of cold water. The resulting solid material was collected by filtration
and thoroughly rinsed with deionized water to afford the desired benzimidazolium salt (Scheme
1).

H 3.6 mmol ;©
N N
Cl NaH
(e - O 22 (e
N DMF, 48 h aN
2-chloro-1H- 0°C — R.T. CG:)I
benzo[d]imidazole 1-(chloromethyl)-2-methylbenzene
3 mmol 6.6 mmol
MM-24

Scheme 1. Synthesis of a benzimidazole-based compound.

In vitro cytotoxic activity studies
The L929 cell line was purchased from the American Type Culture Collection (ATCC, USA).
The cytotoxic activity studies were conducted on literatures (Akkog, 2019; Dilek & Akkoc,
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2026; Mavvaji et al., 2024). Cells were cultured in EMEM supplemented with 10% fetal bovine
serum (FBS), and 1% glutamax. The cells were seeded into sterile 96-well plates at a density
of 5 x 10° cells/well. After 24 h, The compound was tested 300, 150, 75, 37.5, 18.75 and 9.375
MM in the L929 cell line for 72 h. After this period was completed, 5 mg/mL of MTT stock
solution was added to each well, and the plates were incubated for 2 h. The measure of
absorbance values was done using the Promega plate reader device at 630 nm. ICso values were
calculated using GraphPad Prism software 5.

3. RESULTS AND DISCUSSION
3.1. The Cytotoxic Effect of a Compound

The cytotoxic effect of the MM24 compound was evaluated using the healthy fibroblast cell
line L929. According to the results, the ICso value of the MM24 compound in L929 cells was
determined to be 27.97 uM (Table 1). This result indicates that the antiproliferative effect of
the compound on L929 cells is concentration-dependent (Figure 1).

Table 1. ICso value in L929 cell line.

Compound I1Cs0 (UM)

MM24 27.97

Figure 1 shows the effect of different concentrations of the MM24 compound on the viability
of L929 cells. Analysis of the data reveals a significant decrease in cell viability with increasing
compound concentration. Specifically, the concentration-dependent change in cell viability at
concentrations of 37.5, 75, 150, and 300 pg/mL indicates that the MM24 compound exerts a
dose/concentration-dependent cytotoxic effect on L929 cells.
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Figure 1. L929 cell viability ratio depending on concentrations of MM24 compound

4. CONCLUSIONS

As conclusion, the cytotoxic activity of the MM24 benzimidazole derivative was evaluated
against the healthy L929 cell line. MM24 exhibited a concentration-dependent reduction in cell
viability, with an ICso value of 27.97 puM. These findings demonstrate that MM24 has
measurable cytotoxic effects on L929 cells.
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ABSTRACT

Salmonella is Gram-negative, facultative, rod-shaped bacilli belonging to the
Enterobacteriaceae family. There are three species of Salmonella, which, based on differences
in 16S rRNA sequence analysis, comprise S. enterica, S. bongori and S. subterranean. S.
enterica species are divided into six groups. S. enterica subspecies enterica are the most
commonly identified subspecies affecting humans and animals. According to the Kauffmann-
White scheme, there are more than 2,700 serovars, serologically defined by antigenic variation
in the O (lipopolysaccharide), H (flagellar) and Vi (capsular) antigens. The most commonly
isolated serotypes from cattle are S. montevideo, S. typhimurium, S. dublin, S. enteritidis, S.
anatum, S. newport, S. cerro, S. kentucky and S. orion. Primary transmission occurs via the oral
route. Indirect transmission occurs via contaminated feed, water, pasture and vectors in the wild
(small mammals and birds). Within the scope of this study, the epidemiology, pathogenesis,
clinical signs, diagnosis, treatment, control and antimicrobial resistance of salmonellosis in
calves were examined in detail. Scientific sources from recent years were examined in detail,
providing comprehensive information on the most commonly used medicines in treatment.

Keywords: Calves, salmonellosis, treatment
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BUZAGILARDA SALMONELLOZIS

OZET

Salmonella; Enterobacteriaceae ailesine ait Gram-negatif, fakultatif ve cubuk biciminde
basillerdir. Salmonella’nin 3 tiirii olup, bunlar 16S rRNA sekans analizlerinde farkliliklara gore
S. enterica, S. bongori, S. subterranean’s kapsamaktadir. S. enterica tiirleri 6 boliime ayrilir. S.
enterica subspecies enterica insan ve hayvan turlerini etkileyen en ¢ok belirlenen alt tiirlerdir.
Kauffmann-White semasina gore O (lipopolisakkarit), H (flagella) ve Vi (kapsiiler) antijenlerde
antijenik varyasyonla serolojik olarak belirlenen 2700’den fazla serovar vardir. Sigirlardan, S.
montevideo, S. typhimurium, S. dublin, S. enteritidis, S. anatum, S. newport, S. cerro, S.
kentucky, S. orion en sik izole edilen serotiplerdir. Primer bulasma agiz yoluyladir. Dolayli
bulasma; bulasik yem, su, mera, yaban hayatindaki vektorlerle (kiiciik memeliler ve kuslar)
meydana gelir. Bu calisma kapsaminda buzagilarda salmonellozisin epidemiyoloji, patogenez,
klinik bulgular, tani, sagaltim, kontrol, antibakteriyel direng ayrintili sekilde ele alindi. Son
yillara ait bilimsel kaynaklar genis sekilde irdelenerek sagaltimda en ¢ok kullanilan ilaglara
yonelik olarak kapsamli bilgiler verildi.

Anahtar sozcukler: Buzagi, salmonellozis, sagaltim

Etiyoloji

Salmonella; Enterobacteriaceae ailesine ait Gram-negatif, fakiltatif ve c¢ubuk
biciminde basillerdir. Salmonella’nin 3 tiirii olup, bunlar 16S rRNA sekans analizlerinde
farkliliklara goére S. enterica, S. bongori, S. subterranean’: kapsamaktadir (Robi ve ark., 2024).
Sigirlarda salmonellozis ¢ogunlukla S. enterica serotypes typhimurium ve S. dublin tarafindan
olusturulur (Costa ve ark., 2012). Sigirlardan, S. montevideo, S. typhimurium, S. dublin, S.
enteritidis, S. anatum, S. newport, S. cerro, S. kentucky, S. orion en sik izole edilen serotiplerdir
(Strawn ve ark., 2014; Tarazi ve ark., 2015; Alam ve ark., 2008; Brichta-Harhay ve ark., 2011).
S. typhimurium, akut ishale, S. dublin ise sistemik hastaliga neden olur (Robi ve ark., 2024).

Bulasma

Primer bulagsma agiz yoluyladir. Dolayli bulagsma; bulasik yem, su, mera, yaban
hayatindaki vektorlerle (kiiciik memeliler ve kuslar) meydana gelir (Robi ve ark., 2024). Evcil
ve yabani hayvanlar Salmonella etkenlerini tasiyabilir. Kanatli, domuz, sigir, yabani kuslar, pet

ve egzotik hayvanlar rezervuar haline gelmektedir. Kopek ve kedi gibi pet hayvanlari ve reptil
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ve amfibi gibi egzotik hayvanlarin ¢evre ve ev ortamina Salmonella’y1 sagarak patojeni
nakletmede 6nemli rolii olabilir ve ¢evre araciligiyla diger hayvanlar1 ve insanlar1 enfekte

edebilirler (Wei ve ark., 2020; Rosario ve ark., 2022). Kemirgenler ve kuslar, ciftliklerde

Salmonella’nin yayilmasinda 6nemli rol oynar (Galan-Relano ve ark., 2023).

Epidemiyoloji
Salmonella, mezbahalarda saglikli sigirlardan siklikla izole edilmektedir (Bosilevac ve
ark., 2009). Mezbaha oOrneklerinde Salmonella izolatlarinin %11.4 oraninda ortaya ¢iktigi,

izolatlarin yaklasik %6.52’sinin kasap diikkanlarindan elde edildigi belirlenmistir (Geresu ve

Desta, 2021).

Patogenez

Salmonella enfeksiyonlarinin patogenezinde ¢ok sayida viriislens faktorii rol oynar. Bu
faktorler, organizmanin konaga yapismasini ve ¢ogalmasini kolaylastirir, konak hiicresine
invaze olur, makrofajlarda ¢ogalir ve yasar ve toksinleri sekre eder. Kapsiil, flagella, fimbria,

adezinler, invazinler, hemagliitininler, ekzotoksinler ve endotoksinleri vardir (Kuria, 2023).

Klinik Bulgular

Yiiksek ates ve ishal buzagilarda klinik salmonellozisin 6nemli bulgularindandir (Peek
ve ark., 2018). 30 giinliikten kii¢lik yastaki buzagilarin diskilarinda kanin varligi siklikla
Salmonella enfeksiyonuna bagli olarak meydana gelir (Sedky ve ark., 2025). Baz1 buzagilarda
eklem yangisi, beyin-omurilik zarinin yangisi1 ve pnomoni bulgular goriilebilir. 2 haftalik ve 2
aylik yaslardaki buzagilar yaygin sekilde hastaliktan etkilenmekle birlikte herhangi bir yasta da
hastalik gelisebilir. Yeni dogan buzagilarin 6liim riskleri daha yiiksektir ¢iinkii septisemi ve s1v1

kayiplar1 siddetli dehidrasyon ve elektrolit dengesizliklerine neden olur (Peek ve ark., 2018).

Tam

Diski ve bagirsak drneklerinden bakteriyel patojenleri izole etmek i¢in bakteriyel kiiltiir
onemli laboratuvar teknigidir. Tetratiyonat gibi secici brotlar, Salmonella patojenini izole
etmek icin kullanilir. Molekiiler esasli PCR analizleri kullanilir (Sedky ve ark., 2025).
Multipleks floresan kantitatif PCR saptama metodunun buzagi diski 6rneklerinde Salmonella

etkenlerini yiiksek 6zgiilliik ve duyarlilikla saptadig: bildirilmektedir (Niu ve ark., 2026).
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Sagaltim

Klinik salmonellozisin sagaltimi i¢in antimikrobiyallerin kullanilmasi tartigmalidir. Bu
sagaltim yaklasimiyla ilgili sorunlar Salmonella tasiyici hayvanlarin olusmasi riski ve
antimikrobiyal direnglilik durumudur. insan hekimliginde Salmonella ile invaziv enfeksiyon
yaygin sekilde goriilmez ve antimikrobiyal sagaltim desteklenmemektedir. Ancak akut bagirsak
yangist olan sigirlarda bakteriyemi siklikla gelisir. Septisemi; buzagilarda klinik
salmonellozisin bir 6zelligidir. Insanlarda ve hayvanlarda akut ve kronik bagirsak yangisinin
klinik iyilesmesinden sonraki siireyi uzatabilecegi yoniinde bilgiler de vardir.
Antimikrobiyallerin kullanilmasi hastaligin yayilmasina katki saglayabilir. Baska bir sorun
ilaca direngli suslarin ortaya ¢ikmasidir. Temasta olan hayvanlarda kitlesel ilag kullanilmas1 ve
profilaktik sagaltimlar genellikle direngli suslarin ortaya ¢ikmasiyla sonuglanmistir.
Antimikrobiyal sagaltimmn, miimkiinse antimikrobiyal duyarlilik testine gére uygulanmasi
gerekir. Salmonellalar; fakiiltatif hiicre i¢i patojenler olduklar1 i¢in antibiyotigin hiicre igi
yogunlugunun yeterli diizeyde olmasi dnemlidir (Constable ve ark., 2017).

Yeni dogan buzagilarda deneysel salmonellozisin sagaltimi igin seftiofurun yiiksek
dozda sagaltici etkinliginin arastirildigi ¢alismada, 36 buzag: S. enterica serovar typhimurium
(6.5x108 koloni olusturan birim) ile enfekte edilmis, 6 buzag1 enfekte edilmeden ve ilag
sagaltim1 almadan kontrol olarak ayrilmis, Salmonella enfeksiyonundan 4 giin sonra hayatta
kalan buzagilara seftiofur (5 mg/kg, kas ici, 24 saatte 1 kez) uygulanmis, ayrica sagaltim
uygulanmayan kontrol olarak bir grup buzagi ayrilmig, sagaltim alan buzagilara gtnlik ve 5
giin boyunca ila¢ uygulanmis, seftiofur sagaltimi buzagilarin viicut sicakligini ve ishalini
onemli diizeyde azaltmis, sagaltim almayanlara kiyasla sagaltim alan buzagilarda Salmonella
organizmalarinin sagiliminda onemli diizeyde azalma belirlendigi bildirilmistir (Fecteau ve
ark., 2003).

Endotoksinle ilgili klinik bulgular1 hafifletmek ve agriy1 kontrol altina almak i¢in steroit

tiirevi olmayan yang1 giderici ilaglar tavsiye edilir (Constable ve ark., 2017).
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Kontrol
Enfeksiyonun siiriiye girisini engelleme

Hayvanlarin mensei bilinen bir ¢iftlikten alinmasi, ¢iftligin salmonellozisten ari olmasi,
asili siiriilerden hayvan alinmasi, 6 haftaliktan biiyiik hayvanlarin alinmasi, tagiyici olmayan
hayvanlarin alinmasi ve digki 6rneklerinin 3 kez analizinin yapilmasi seklindedir (Constable ve

ark., 2017).

Siirii icinde yayilmasini onleme

Tastyic1 hayvanlar belirlenir, tasiyic1 hayvanlar siiriiden ¢ikarilir ya da izole edilir ve
sagaltilir. Sagaltim alan hayvanlarin arinma durumunu belirlemek igin tekrar 6rneklenmesi
gerekir. Antimikrobiyallerin profilaktik kullanilmasi, direngli suglarin gelismesinden dolay1
tavsiye edilmez. Hayvan hareketleri ciftlikle siirlandirilir. igme sulari enfeksiyon kaynagi

olabilir. Bakim yerlerinin dezenfeksiyonu yapilir (Constable ve ark., 2017).

Asillama

Asilamadan sonra direng artigi; T hiicreleri, sitokinler (6rnegin IFN-y, TNF, IL-2) ve
opsonizan antikorlar1 gerektirir. Canli organizmalar, anti-LPS antikorlarmi ve hiicresel
bagisiklig1 daha iyi uyarabilir. Asili buzagilar humoral ve hiicresel aracili bagisiklikta artiglara
yanit vermistir. Birlesik Krallik’ta {iretilen as1 susu 51’°1in etkili ve giivenli oldugu bulunmustur.
Formalinle 6ldiiriilmis S. typhimurium asisiyla gebe sigirlarin dogumdan 7 ve 2 hafta 6nce

astlanmasi buzagilar1 deneysel enfeksiyona karsi korumustur (Constable ve ark., 2017).

Kaynaklar

Alam, M. J., Renter, D. G., lves, S. E., Thomson, D. U., Sanderson, M. W., Hollis, L. C., &
Nagaraja, T. G. (2008). Potential associations between fecal shedding of Salmonella in feedlot
cattle treated for apparent respiratory disease and subsequent adverse health

outcomes. Veterinary Research, 40(1), 02.

Bosilevac, J. M., Arthur, T. M., Bono, J. L., Brichta-Harhay, D. M., Kalchayanand, N., King,
D. A., ... & Koohmaraie, M. (2009). Prevalence and enumeration of Escherichia coli O157: H7
and Salmonella in US abattoirs that process fewer than 1,000 head of cattle per day. Journal of
Food Protection, 72(6), 1272-1278.

66



FAR EAST ASIA 7th INTERNATIONAL CONFERENCE ON APPLIED SCIENCES
Aug 20 - 26, 2026 — Tokyo
ISBN NR. : 978-625-8795-39-4
Brichta-Harhay, D. M., Arthur, T. M., Bosilevac, J. M., Kalchayanand, N., Shackelford, S. D.,
Wheeler, T. L., & Koohmaraie, M. (2011). Diversity of multidrug-resistant Salmonella enterica
strains associated with cattle at harvest in the United States. Applied and Environmental
Microbiology, 77(5), 1783-1796.

Constable, P.D., Hinchcliff, K.W., Done, S.H. and Grunberg, W. (2017). Salmonellosis in
ruminants and horses. Veterinary Medicine. A Textbook of the Diseases of Cattle, Horse,
Sheep, Pigs and Goats. 11th Edition, Saunders Elsevier, Missouri, pp. 357-373.

Costa, L. F., Paixdo, T. A., Tsolis, R. M., Baumler, A. J., & Santos, R. L. (2012). Salmonellosis
in cattle: advantages of being an experimental model. Research in Veterinary Science, 93(1),
1-6.

Fecteau, M. E., House, J. K., Kotarski, S. F., Tankersley, N. S., Ontiveros, M. M., Alcantar, C.
R., & Smith, B. P. (2003). Efficacy of ceftiofur for treatment of experimental salmonellosis in

neonatal calves. American Journal of Veterinary Research, 64(7), 918-925.

Galan-Relafio, A., Valero Diaz, A., Huerta Lorenzo, B., Gdmez-Gascon, L., Mena Rodriguez,
M. 2 A., Carrasco Jiménez, E., .. & Astorga Marquez, R. J. (2023). Salmonella and
salmonellosis: an update on public health implications and control strategies. Animals, 13(23),
3666.

Geresu, M. A., & Desta, W. Z. (2021). Carriage, risk factors, and antimicrobial resistance
patterns of Salmonella isolates from raw beef in Jimma, Southwestern Ethiopia. Infection and
Drug Resistance, 2349-2360.

Kuria, J. K. (2023). Chapter. Salmonellosis in food and companion animals and its public health
importance. In Salmonella-perspectives for low-cost prevention, control and treatment.
IntechOpen, doi: http://dx.doi.org/10.5772/intechopen.109324.

Niu, Z., Nie, L., Yan, J., Xu, X., Hou, X., Huang, Y., ... & Tong, D. (2026). Establishment and
application of six-plex fluorescent quantitative PCR assay for the detection of calf diarrhea

pathogens. Journal of Virological Methods, 115323.

67


http://dx.doi.org/10.5772/intechopen.109324

FAR EAST ASIA 7th INTERNATIONAL CONFERENCE ON APPLIED SCIENCES
Aug 20 - 26, 2026 — Tokyo
ISBN NR. : 978-625-8795-39-4

Peek, S. F., McGuirk, S. M., Sweeney, R. W., Cummings, K. J. (2018). Chapter 6. Infectious
diseases of the gastrointestinal tract. In: Peek, S. F., Divers, T. J. (eds.), Rebhun’s Diseases of
Dairy Cattle, third edition, Elsevier, pp. 270-277.

Robi, D. T., Mossie, T., & Temteme, S. (2024). A comprehensive review of the common
bacterial infections in dairy calves and advanced strategies for health management. Veterinary

Medicine: Research and Reports, 1-14.

Rosario, ., Calcines, M. I., Rodriguez-Ponce, E., Déniz, S., Real, F., Vega, S., ... & Acosta-
Hernandez, B. (2022). Salmonella enterica subsp. enterica serotypes isolated for the first time
in feral cats: The impact on public health. Comparative Immunology, Microbiology and
Infectious Diseases, 84, 101792.

Sedky, D., Ghazy, A. A., & Abou-Zeina, H. A. (2025). Advances in diagnosis of diseases

causing diarrhea in newborn calves. Veterinary Research Communications, 49(5), 293.

Strawn, L. K., Danyluk, M. D., Worobo, R. W., & Wiedmann, M. (2014). Distributions of
Salmonella subtypes differ between two US produce-growing regions. Applied and
environmental microbiology, 80(13), 3982-3991.

Tarazi, Y. H., & Abo-Shehada, M. N. (2015). Herd-and individual-level prevalences of and risk
factors for Salmonella spp. fecal shedding in dairy farms in Al-Dhulail Valley, Jordan. Tropical
Animal Health and Production, 47(7), 1241-1248.

Wei, L., Yang, C., Shao, W., Sun, T., Wang, J., Zhou, Z., ... & Pan, Z. (2020). Prevalence and

drug resistance of Salmonella in dogs and cats in Xuzhou, China. Journal of Veterinary
Research, 64(2), 263.

68



FAR EAST ASIA 7th INTERNATIONAL CONFERENCE ON APPLIED SCIENCES
Aug 20 - 26, 2026 — Tokyo
ISBN NR. : 978-625-8795-39-4

INTEGRATED METABOLIC, INFLAMMATORY, NUTRITIONAL, AND FIBROSIS
SIGNATURES FOR THE IDENTIFICATION OF NONALCOHOLIC FATTY LIVER
DISEASE: A COMPARATIVE DIAGNOSTIC PERFORMANCE STUDY
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OZET

Nonalcoholic fatty liver disease (NAFLD) is the most common chronic liver disease worldwide
and is closely associated with obesity, insulin resistance, and metabolic dysfunction. The
increasing global burden of NAFLD highlights the need for reliable, inexpensive, and non-
invasive biomarkers that can facilitate early diagnosis and risk assessment. This study aimed to
compare the diagnostic performance of routine laboratory-derived metabolic, inflammatory,
nutritional, and fibrosis-related indices for the identification of NAFLD. A total of 90
participants, including 46 patients with NAFLD and 44 healthy controls, were retrospectively
evaluated. Metabolic indices, including the Hepatic Steatosis Index (HSI), triglyceride-glucose
body mass index (TyG-BMI), triglyceride-glucose waist circumference (TyG-WC), and
HOMA-IR, together with inflammatory biomarkers, nutritional indices, and fibrosis scores,
were calculated using routinely available clinical and biochemical parameters. Group
differences were analyzed using appropriate parametric or non-parametric statistical methods
with false discovery rate adjustment. Diagnostic accuracy was assessed by receiver operating
characteristic (ROC) curve analysis, while multivariable logistic regression and machine-
learning algorithms were employed to investigate the discriminative performance of integrated
biomarker models. Patients with NAFLD demonstrated significantly greater metabolic
impairment and insulin resistance than healthy controls. HSI showed the highest diagnostic
performance (AUC = 0.965), followed by BMI (AUC = 0.963), waist circumference (AUC =
0.963), TyG-BMI (AUC =0.962), and TyG-WC (AUC = 0.954). Nutritional status, represented
by the Prognostic Nutritional Index, was significantly lower in the NAFLD group, whereas
inflammatory indices exhibited relatively limited discriminatory capacity. Integrated models
combining metabolic, nutritional, inflammatory, and fibrosis-related variables achieved

superior classification performance compared with individual biomarkers alone. These findings
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indicate that routinely available composite biomarkers, particularly metabolic indices, provide
excellent diagnostic accuracy for NAFLD and that multidomain biomarker integration may

improve non-invasive disease identification and clinical risk stratification.

Anahtar Kelimeler : Nonalcoholic fatty liver disease; Hepatic Steatosis Index; Triglyceride—

glucose index.
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A MULTI-TARGETED HERBAL AGENT IN METABOLIC DISEASES:
MOMORDICA CHARANTIA L.
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ABSTRACT

Momordica charantia L. (bitter melon), a member of the Cucurbitaceae family, is an annual or
perennial vine that grows widely in tropical and subtropical regions. Used for centuries in
ethnomedical practices—particularly in Traditional Chinese Medicine and Ayurveda—to treat
diabetes, skin diseases, liver disorders, and gastrointestinal problems, M. charantia has become
one of the focal points of modern pharmacology and phytochemistry.

The plant’s therapeutic efficacy is based on its rich and unique phytochemical profile. Its
primary bioactive compounds include cucurbitane-type triterpenoids (momordicosides,
karavilosides, kuguasins, goyaglycosides), charantin—a mixture of steroidal glycosides—and
a 166-amino-acid polypeptide-p (plant insulin) that mimics human insulin structurally and
functionally. In addition, the plant is rich in phenolic and flavonoid compounds such as gallic
acid, catechin, and chlorogenic acid, as well as vitamin C, carotenoids, and essential minerals.

In addition to its antidiabetic properties, M. charantia exhibits potent antioxidant and anti-
inflammatory effects by scavenging reactive oxygen species and inhibiting the NF-«xB pathway.
It combats hyperlipidemia and obesity by inhibiting adipocyte differentiation. Thanks to the
ribosome-inactivating proteins it contains (MAP30, momorcharins), it exhibits anticancer
activity by halting protein synthesis in tumor cells and inducing apoptosis. It also has broad-
spectrum antimicrobial and anti-HIV effects.

Although clinical studies show that M. charantia administration results in significant reductions
in fasting blood glucose and HbA1c levels, the lack of standardization among preparations leads
to variability in results. New nanodelivery systems, such as PLGA nanoparticles, liposomes,
and SEDDS, are being developed to increase the low hydrophobic solubility and oral
bioavailability of bioactive compounds. In conclusion, M. charantia is a multi-targeted plant
source with high potential for the treatment of metabolic diseases that should be introduced to
the medical community through standardization and advanced clinical studies.

Keywords: Momordica charantia, Cucurbitan Triterpenoids, AMPK Activation, Charantin
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METABOLIK HASTALIKLARDA COK AMACLI BiR BIiTKISEL AJAN:
MOMORDICA CHARANTIA L.

OZET

Cucurbitaceae familyasina ait Momordica charantia L. (ac1 kavun), tropikal ve subtropikal
bolgelerde yaygin olarak yetisen yillik veya ¢ok yillik bir sarmasiktir. Yiizyillardir etnomedikal
uygulamalarda—ozellikle Gelencksel Cin Tibb1 ve Ayurveda'da—diyabet, cilt hastaliklari,
karaciger rahatsizliklar1 ve gastrointestinal sorunlarin tedavisinde kullanilan M. charantia,
modern farmakoloji ve fitokimyanin odak noktalarindan biri haline gelmistir.

Bitkinin terapdtik etkinligi, zengin ve benzersiz fitokimyasal profiline dayanmaktadir. Baslica
biyoaktif bilesikleri arasinda kiikiirbitan tipi triterpenoidler (momordikosidler, karavilosidler,
kuguasinler, goyaglikozidler), steroid glikozitlerin bir karisimi olan charantin ve yapisal ve
islevsel olarak insan insiilinini taklit eden 166 amino asitli bir polipeptit-p (bitki instlini)
bulunur. Ayrica bitki, gallik asit, katesin ve klorojenik asit gibi fenolik ve flavonoid bilesiklerin
yant sira C vitamini, karotenoidler ve temel mineraller ag¢isindan da zengindir.

Antidiyabetik 6zelliklerine ek olarak, M. charantia, reaktif oksijen tirlerini temizleyerek ve NF-
kB yolunu inhibe ederek giiclii antioksidan ve antiinflamatuar etkiler gosterir. Yag hiicresi
farklilasmasini inhibe ederek hiperlipidemi ve obeziteyle miicadele eder. Igerdigi ribozom
inaktive edici proteinler (MAP30, momorcharinler) sayesinde, timdr hucrelerinde protein
sentezini durdurarak ve apoptozu indiikleyerek antikanser aktivite gosterir. Ayrica genis
spektrumlu antimikrobiyal ve anti-HIV etkileri de vardir.

Klinik ¢aligmalar M. charantia uygulamasinin a¢lik kan sekeri ve HbAlc seviyelerinde 6nemli
diistislere yol agtigin1 gdsterse de, preparatlar arasindaki standardizasyon eksikligi sonuglarda
degiskenlige neden olmaktadir. Biyoaktif bilesiklerin diisiik hidrofobik ¢6ziiniirliigiinii ve oral
biyoyararlanimini artirmak i¢in PLGA nanopartikiilleri, lipozomlar ve SEDDS gibi yeni
nanotasima sistemleri gelistirilmektedir. Sonug olarak, M. charantia, standardizasyon ve ileri
klinik ¢aligmalar yoluyla tip camiasina tanitilmas1 gereken, metabolik hastaliklarin tedavisinde
yiiksek potansiyele sahip ¢cok hedefli bir bitki kaynagidir.

Anahtar Kelimeler: Momordica charantia, Cucurbitan Triterpenoidler, AMPK Aktivasyonu,
Charantin
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1. GIRIS

Momordica charantia L., Cucurbitales takimina, Cucurbitaceae familyasina ve Momordica
cinsine ait bir bitkidir. Bu cins, tropikal Afrika, Asya ve Avustralya’da yaygin olan yaklagik 40
tiir icermektedir [1]. Tek evcikli, filizli, tek yillik veya cok yillik bir sarmasik olan M. charantia,
2 ila 5 metre uzunluga ulasir [1, 2]. Bitki, 3 ila 7 loblu, avug i¢i seklinde boliinmiis yapraklar,
tek basina bulunan sar1 erkek ve disi ¢igekler ile belirgin sigilli veya ¢akilli bir dis ylizeye sahip
dikdortgen veya elips seklinde meyveler iiretir [2]. Meyve olgunlastikca rengi koyu yesilden
parlak turuncu-sariya déner ve sonunda yarilarak parlak kirmizi arillerle kapli tohumlar1 ortaya
cikarir [1, 3].

Etnomedikal ag¢idan, M. charantia yiizyillardir Asya, Afrika, Gliney Amerika ve Karayipler’de
kullanilmaktadir [2, 3]. Geleneksel Cin tibbinda, bu bitki atesi diigiiren ve toksisiteyi hafifleten
“ac1 ve soguk” bir bitki olarak siniflandirilir [3]. Ayurveda tibbinda Karela olarak bilinen bu
bitki, diabetes mellitus, cilt hastaliklari, karaciger rahatsizliklar1 ve gastrointestinal
helmintiyazis i¢in recete edilir [4]. Modern preparatlar arasinda taze meyve suyu, sulu/etanolik
ozler, kurutulmus meyve tozlar1 ve diinya capinda pazarlanan standartlastirilmis besin
takviyeleri yer almaktadir [5, 6].

2. FITOKIMYASAL BIiLESIiM VE BIiYOAKTIF PROFIL

2.1 Cucurbitan Tipi Triterpenoidler

Cucurbitan triterpenoidler, M. charantia’nin baslica karakteristik bilesikleridir [7-9]. Bu
bilesikler, 19(10—9p)-abeo-10a-lanostan iskeletine sahiptir ve aglikonlar (cucurbitasinler) ile
glikozitler (momordikosidler) olarak siniflandirilir [7, 9].

* Momordikosidler (A-S): Giiglii kan sekeri diisiiriicii 6zellikler gosteren, yiiksek oranda
oksijenlenmis triterpen glikozitlerdir [7, 10].

« Karavilosidler ve Kuguasinler: Hiicre modellerinde AMPK’yi aktive eden, meyvelerden ve
asmalardan ekstrakte edilen monomer ve dimer triterpenlerdir [8, 11].

* Goyaglikozitler ve Charantageninler: Hem aci1 tat algisindan hem de metabolik enzim
modiilasyonundan sorumlu spesifik aglikonlardir [9, 12].

2.2 Charantin

Ik olarak Lotlikar ve Rao (1966) tarafindan izole edilen charantin, esit oranlarda B-sitosterol
glukozit (C35H6006) ve 5,25-stigmasterol glukozit (C35H5806) iceren bir steroidal glikozit
karisimidir. Charantin, hayvan modellerinde standart oral antidiyabetik ajanlara kiyasla esdeger
veya daha ustun hipoglisemik aktivite sergilemektedir [13, 14].

2.3 Polipeptit-p (Bitkisel Insiilin)

Khanna ve meslektaslar1 (1981) tarafindan kesfedilen polipeptit-p, meyvelerden, tohumlardan
ve doku kiiltiirlerinden izole edilen 166 amino asit kalintisindan olusan bir polipeptittir.
Yaklagik 11 kDa molekiiler agirliga sahip olan bu madde, yapisal ve islevsel olarak insan
insiilinini taklit eder ve parenteral olarak veya korunan mukozal yollardan uygulandiginda kan
glikozunu disiiriir [15, 16].

2.4 Fenolikler, Flavonoidler ve Temel Besin Maddeleri

M. charantia, gallik asit, tanik asit, katesin, epikatesin, klorojenik asit, kafeik asit ve p-kumarik
asit gibi besinsel antioksidanlarin zengin bir kaynagidir [17, 18]. Ayrica yliksek diizeyde

73



FAR EAST ASIA 7th INTERNATIONAL CONFERENCE ON APPLIED SCIENCES
Aug 20 - 26, 2026 — Tokyo
ISBN NR. : 978-625-8795-39-4

askorbik asit (C vitamini), karotenoidler (B-karoten, lutein, zeaksantin) ve temel mineraller
(demir, ¢inko, kalsiyum, magnezyum) icerir [1, 18].

3. MOLEKULER ANTIDIYABETIK MEKANIZMALAR VE METABOLIK
DUZENLEME

M. charantia’nin antidiyabetik etkisi, iskelet kasi, yag dokusu, karaciger, bagirsak enterositleri
ve pankreas adaciklar genelinde ¢ok sayida hiicresel hedef noktayi igerir [19-23].

3.1 AMPK Aktivasyonu ve Hiicresel Enerji Homeostazi

AMP ile aktive olan protein kinaz (AMPK), metabolizmanin baslica diizenleyicisidir. M.
charantia’dan izole edilen cucurbitan triterpenoidler ve momordikosidler, iskelet kasi ve
karaciger dokusunda AMPK’yi Thr172 kalintisinda dogrudan fosforile eder [19].

AMPK aktivasyonu, lipit oksidasyonunu hizlandirir, asetil-CoA karboksilazi (ACC) inhibe
eder ve sterol diizenleyici eleman baglayici protein Ic'yi (SREBP-1c¢) baskilar; boylece
karaciger steatozunu ve periferik insiilin direncini hafifletir [19].

3.2 GLUT4 Translokasyonu ve Periferik Glikoz Alimi

Insiilin direnci, glikoz tasiyicist tip 4’iin (GLUTA4) hiicre i¢i depo vezikiillerinden plazma zarina
dogru translokasyonundaki bozuklukla karakterize edilir. M. charantia 6zleri, hem PI3K/Akt
yolunu hem de AMPK-p38 MAPK kaskadini aktive ederek, bazal insilin diizeylerinden
bagimsiz olarak GLUT4’in zara yerlesmesini tetikler [20, 24]. Bu, iskelet kasi ve yag
dokusunda periferik glikoz temizlenmesini yeniden saglar [20].

3.3 Bagirsak a-Glukozidaz ve Disakkaridaz Inhibisyonu

M. charantia 6zltleri bagirsak liimeninde karbonhidrat sindirimini yavaslatir. Saponinler ve
fenolik bilesikler gibi fitokimyasallar, bagirsaktaki a-glukozidaz, sukraz ve maltazi1 kompetitif
olarak inhibe eder [21, 25]. Bu, yemek sonrasi glikoz artigin1 bastirarak pankreas B-hticrelerinin
is yukiinii azaltir.

3.4 Karaciger Enzimlerinin Modiilasyonu ve Glukoneogenez Bastirilmast

Karacigerde M. charantia, glukoneogenezin anahtar enzimlerini asag1 dogru diizenler:

* Glikoz-6-fosfataz (G6Pase) [23, 26].

» Fosfoenolpiruvat karboksikinaz (PEPCK) [23, 26].

* Fruktoz-1,6-bisfosfataz [26].

Ayn1 zamanda, glukokinaz (GK) ve glikojen sentazin ekspresyonunu artirarak glikozun
karaciger glikojen depolaria doniistimiinii artirir ve agir1 karaciger glikoz tiretimini azaltir [23,
26].

3.5 Pankreas Adaciklarinin Korunmasi ve Sekretagog Etkisi

Streptozotosin (STZ) ile indiiklenen diyabetik modellerde yapilan histolojik c¢alismalar, M.
charantia uygulamasinin pankreas B-hiicrelerinin iyilesmesini ve hipertrofisini destekledigini
gostermektedir [22, 28]. Biyoaktif fraksiyonlar, B-hiicrelerdeki voltaj kapili kalsiyum kanallar1
yoluyla Ca2+ akisini uyararak glikoza bagli insiilin salgilanmasini tetiklerken, oksidatif stresin
neden oldugu apoptoza kars1 koruma saglar [22, 27].

4. GENIS SPEKTRUMLU FARMAKOLOJIK OZELLIKLER
4.1 Antioksidan ve Antiinflamatuar Etkiler
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Zengin polifenol, askorbik asit ve flavonoid konsantrasyonlar1 M. charantia’nin hidroksil
radikalleri ve siiperoksit anyonlar1 gibi reaktif oksijen tiirlerini (ROS) temizlemesini saglar [17,
18]. Hucresel duzeyde, M. charantia, NF-xB sinyal eksenini inhibe ederek proinflamatuar
sitokinlerin downregulasyonuna yol acar. Bu anti-inflamatuar etki, vaskiler endotel hicrelerini,
bobrek  glomeriillerini  ve  periferik  sinir  dokularmi  diyabetik  mikrovaskiiler
komplikasyonlardan korur [17, 28, 29].

4.2 Hipolipidemik ve Obeziteyle Miicadele Etkileri

M. charantia, plazma trigliseridlerini, total kolesterolii ve diisiik yogunluklu lipoprotein
kolesterolinu (LDL-C) diistiriirken, yiiksek yogunluklu lipoprotein kolesteroliinii (HDL-C)
artirarak lipit metabolizmasini diizenler. Cucurbitan bilesikleri, peroksizom proliferator ile
aktive olan gama reseptorii (PPARY) ve PPARa'y1 upregiile ederek, pre-adiposit farklilagmasini
engeller ve viseral yag dokusunda yag birikimini bastirir [30, 31].

4.3 Antikanser ve Antiproliferatif Aktivite

Ekstraktlar ve saflastirillmis bilesikler (6rn. a-momorcharin, B-momorcharin ve MAP30),
meme, prostat, kolon, akciger ve karaciger karsinomlari dahil olmak iizere kanser hiicre
hatlarina kars1 segici sitotoksisite gosterir [18, 32].

* Ribozom Inaktive Edici Proteinler (RIP'ler): MAP30 ve momorcharinler, 6karyotik 28S
ribozomal RNA'y1 depurinize ederek tiimor hiicrelerinde protein sentezini durdurur [33, 39].

« Apoptoz Indiiksiyonu: M. charantia, GO/G1 veya G2/M fazinda hiicre dongiisiiniin durmasini
indukler, Bcl-2'yi asag1 regiile eder ve Bax ile Kaspaz-3/9 aktivitesini upregiile eder [32, 33].
4.4 Antimikrobiyal ve Antiviral Aktivite

Yaprak ve meyve 0zleri, Escherichia coli, Staphylococcus aureus, Pseudomonas aeruginosa ve
Helicobacter pylori dahil olmak (zere Gram-pozitif ve Gram-negatif bakterilere karsi genis
spektrumlu antimikrobiyal aktivite sergilemektedir [36, 37]. Ayrica, MAP30 (Momordica Anti-
HIV Proteini 30 kDa), viral entegrasyonu ve ters transkriptaz aktivitesini engelleyerek Insan
Immiin Yetmezlik Viriisii Tip 1 (HIV-1) enfeksiyonunu inhibe eder [35, 38].

5. TOKSISITE, GUVENLIK PROFILI VE ILAC ETKILESIMLERI

M. charantia, besin amacl bir sebze olarak giivenli olsa da, yiiksek dozda farmakolojik
uygulama durumunda toksikolojik ve etkilesim parametreleri agisindan dikkatli olunmasi
gerekmektedir [5, 39]:

1. Ureme ve Dogurganligi Azaltic1 Etkiler: Yiiksek dozda tohum etanol &ziitleri, erkek hayvan
modellerinde spermatogenezi, sperm hareketliligini ve plazma testosteron diizeyini azaltir.
Disilerde ise tohum proteinleri rahim kasilmalarma neden olabilir ve diisiik yapici etki
gosterebilir; bu nedenle hamilelik sirasinda tibbi kullanim1 kontrendikedir [39, 40].

2. G6PD Eksikligi (Favizm Benzeri Sendrom): M. charantia tohumlari, Glikoz-6-Fosfat
dehidrojenaz (G6PD) eksikligi olan bireylerde akut hemolitik anemiye neden olabilen bir
nukleosid glukozit olan vicin icerir [5, 41].

3. Hipoglisemik Etkinin Artiritlmasi: Standartlastirilmis M. charantia takviyelerinin geleneksel
antidiyabetik ilaclarla (6rn. glibenklamid, metformin veya eksojen insilin) birlikte
uygulanmasi, ciddi sinerjik hipoglisemiye neden olabilir. Doz ayarlamalar1 ve kan sekeri
izlemesi gereklidir [5, 6].
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4. Karaciger Parametreleri: izole edilmis tohum fraksiyonlarinin asir1 ve uzun siireli tiiketimi,
hayvan modellerinde karaciger enzimlerinde (ALT/AST) gegici yiikselmelere yol agmistir;
ancak meyve preparatlar1 karaciger koruyucu 6zellikler sergilemektedir [5, 39].

6. KLINIK KANITLAR VE YENI iLAC DAGITIM SiSTEMLERI

6.1 Insanlarda Diyabet Uzerine Klinik Calismalar

Cok sayida klinik ¢alisma, Tip 2 Diabetes Mellitus (T2DM) hastalarinda M. charantia’nin
hipoglisemik etkinligini degerlendirmistir [5, 6]:

* Aclik Kan Sekeri (FBG): 12 haftalik miidahale siiresi boyunca giinde 2.000 mg
standartlastirilmis M. charantia meyve tozunun alinmasi, FBG ve yemek sonrasi glikoz
diizeylerini 6nemli 6l¢iide diistirmistiir [6].

* Glikozillenmis Hemoglobin (HbAlc): Klinik ¢alismalarda, diisik doz metformin
monoterapisiyle karsilastirilabilir diizeyde, HbAlc’de %0,5 ile %0,8 arasinda degisen miitevazi
distsler bildirilmistir [6].

+ Literatiirdeki Degiskenlik: Sistematik derlemeler, isleme yontemlerindeki farkliliklar (¢ig
meyve suyu, kurutulmus 6ziit ve cekirdeksiz preparatlar) ve standartlastirilmis fitokimyasal
belirteclerin ~ bulunmamasi  nedeniyle klinik sonucglarin  degiskenlik  gdsterdigini
vurgulamaktadir [5].

6.2 Yeni Formiilasyonlar ve Nanotip

Cucurbitan triterpenoidlerin ve charantin'in diisik suda ¢oziiniirligli ve smirli oral
biyoyararlanimini gidermek amaciyla, gelismis ilag verme sistemleri gelistirilmektedir [42, 43]:
* Polimerik Nanopartikiiller: M. charantia 6ziitiiniin PLGA nanopartikiillerine kapsiillenmesi,
oral emilimi artirir ve dolasimdaki yar1 6mrii uzatir [42].

* Liposomal Formiilasyonlar: Protein bilesenlerini (6rn. polipeptid-p) gastrointestinal enzimatik
bozunmadan korur ve mukozal emilimi iyilestirir [42, 43].

« Kendiliginden Emiilsifiye Olan Ilag Dagitim Sistemleri (SEDDS): Hidrofobik charantin ve
momordikosid fraksiyonlarinin ¢oziiniirliiglinii ve biyoyararlanimin artirir [43].

7. SONUCLAR VE GELECEK YONELIMLERI

M. charantia, geleneksel bilgi birikimi ile modern farmakoterapi arasinda koprii kuran degerli

bir bitkisel tibbi kaynaktir [1-5]. AMPK aktivasyonu, GLUT4 translokasyonu, bagirsak

disakkaridaz inhibisyonu ve karaciger glikoz salinimimi hedefleyen polifarmakolojik profili,

onu metabolik bozukluklar igin etkili bir ¢ok hedefli ajan olarak konumlandirmaktadir [19-23].

Gelecekteki Arastirmalar i¢in Temel Oncelikler:

1. Fitokimyasal Standardizasyon: Ticari formilasyonlar icin toplam cucurbitan triterpenoid
ve charantin igerigine dayali sik1 bir analitik standardizasyon olusturmak [5, 6].

2. Kontrollii Klinik Caligmalar: Kesin klinik kilavuzlar olusturmak amaciyla standardize
edilmis Oziitleri degerlendiren biiyiik 6l¢ekli, ¢ift kor, randomize kontrollii calismalar
yiritmek [6].

3. Gelismis Dagitim Platformlari: Hidrofobik biyoaktif maddelerin oral biyoyararlanimini
optimize etmek ve protein biitiinliigiinli korumak i¢in nanotip platformlarindan (6.
nanoemiilsiyonlar, fitozomlar) yararlanilmalidir [42, 43].
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Giivenlik ve Ilag Etkilesimi Protokolleri: Ozellikle geleneksel hipoglisemik ajanlarla
birlikte kullanildiginda, klinik ilag-bitki etkilesimi esik degerleri belgelenmelidir [5].

KAYNAKLAR

10.

11.

12.

13.

14.

15.

16.

17.

Behera, T. K., Staub, J. E., Behera, S., & Simon, P. W. (2008). Bitter gourd and human
health. Medicinal and Aromatic Plant Science and Biotechnology, 1(2), 224-226.
Joseph, B., & Jini, D. (2013). Antidiabetic effects of Momordica charantia (bitter melon)
and its medicinal potency. Asian Pacific Journal of Tropical Disease, 3(2), 93-102.

Jia, S., Shen, M., Zhang, F., & Xie, J. (2017). Recent advances in Momordica charantia:
Functional components and physiological activities. Comprehensive Reviews in Food
Science and Food Safety, 16(1), 128-142.

Grover, J. K., & Yadav, S. P. (2004). Pharmacological actions and potential uses of
Momordica charantia: A review. Journal of Ethnopharmacology, 93(1), 123-132.

Ooi, C. P., Yassin, Z., & Hamid, T. A. (2012). Momordica charantia for type 2 diabetes
mellitus. Cochrane Database of Systematic Reviews, 2012(8), CD007845.

Fuangchan, A., Sonthisombat, P., & Seubnukarn, S. (2011). Hypoglycemic effect of
Momordica charantia compared with metformin in newly diagnosed type 2 diabetes
patients. Journal of Ethnopharmacology, 134(2), 422-428.

Sun, Y., Sugiura, T., & Luan, F. (2021). Cucurbitane-type triterpenoids from Momordica
charantia L. and their biological activities. Journal of Agricultural and Food Chemistry,
69(31), 8601-8615.

Cicek, S. S. (2022). Momordica charantia L.—Diabetes-related bioactivities, quality
control, and safety considerations. Frontiers in Pharmacology, 13, 904643.

Chen, J. C., Liu, W. Q., & Lu, L. (2009). Cucurbitane-type triterpenoids from the fruits of
Momordica charantia and their glucose-uptake stimulatory activity. Journal of Natural
Products, 72(7), 1315-1319.

Harinantenaina, L., Tanaka, M., Takaoka, S., Oda, M., Mogami, O., Uchida, M., &
Asakawa, Y. (2006). Momordicina I and Il, bioactive cucurbitane-type triterpenoids from
Momordica charantia. Chemical and Pharmaceutical Bulletin, 54(7), 1017-1021.
Cheng, H. L., Huang, C. N., & Chung, H. O. (2012). Cucurbitane triterpenoids from bitter
melon activate AMPK and stimulate glucose uptake in 3T3-L1 adipocytes. Journal of
Agricultural and Food Chemistry, 60(36), 9040-9048.

Kole, C., Behera, T. K., & Gayen, S. (2020). Phytochemistry and nutraceutical attributes
of bitter gourd (Momordica charantia L.). Frontiers in Plant Science, 11, 570020.
Lotlikar, M. M., & Rao, M. R. R. (1966). Pharmacology of a hypoglycaemic principle
isolated from Momordica charantia Linn. Indian Journal of Pharmacy, 28(5), 129-133.
Krawinkel, M. B., & Keding, G. B. (2006). Bitter gourd (Momordica charantia): A
dietary approach to hyperglycemia. Nutrition Reviews, 64(7), 331-337.

Khanna, P., Jain, S. C., Panagariya, A., & Vsingh, V. P. (1981). Hypoglycemic activity of
polypeptide-p from a cell culture of Momordica charantia L. Journal of Natural Products,
44(6), 648-655.

Ng, T. B., Wong, C. M., Li, W. W., & Yeung, H. W. (1986). Insulin-like substances in
Momordica charantia seeds. Journal of Ethnopharmacology, 15(1), 107-117.

Saeed, F., Afzaal, M., Niaz, B., Arshad, M. U., Tufail, T., Hussain, M. B., & Javed, A.
(2018). Bitter melon (Momordica charantia): A natural weapon against hypoxia and
oxidative stress. Lipids in Health and Disease, 17(1), 184.

77



18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

FAR EAST ASIA 7th INTERNATIONAL CONFERENCE ON APPLIED SCIENCES
Aug 20 - 26, 2026 — Tokyo
ISBN NR. : 978-625-8795-39-4

Horax, R., Hettiarachchy, N., & Islam, S. (2005). Total phenolic contents and antioxidant
capacities of different solvent extracts from whole fruit and components of bitter melon
(Momordica charantia L.). Journal of Food Science, 70(4), C275-C280.

Tan, M. J., Ye, J. M., Turner, N., Hohnen-Behrens, C., Ke, C. Q., Tang, C. P., Chen, T.,
Weiss, H. C., Gesing, E. R., Rowland, A., Zhang, L. Y., & Ye, Y. (2008). Antidiabetic
activities of triterpenoids isolated from bitter melon (Momordica charantia). Chemistry &
Biology, 15(3), 263-273.

Sridhar, M. G., Vinayagamoorthi, R., & Suyambulingam, K. (2008). Bitter gourd
(Momordica charantia) improves insulin sensitivity by increasing GLUT4 translocation in
skeletal muscle. Journal of Ethnopharmacology, 118(1), 88-96.

Shibib, B. A., Khan, L. A., & Rahman, R. (1993). Hypoglycaemic activity of Momordica
charantia and Tinospora cordifolia suppresses jejunal glucose uptake and disaccharidase
activity. Biochemical Journal, 292(1), 267-270.

Ahmed, I., Adeghate, E., Sharma, A. K., Pallot, D. J., & Singh, J. (1998). Effects of
Momordica charantia fruit juice on islet morphology and insulin secretion in rats.
Diabetes Research and Clinical Practice, 40(3), 145-151.

Shibib, B. A., Khan, L. A., & Rahman, R. (1993). Hypoglycaemic activity of Momordica
charantia: Effect on key hepatic enzymes of gluconeogenesis and glycolysis. Biochemical
Journal, 292(1), 271-274.

Cummings, E., Pederson, O., & Buse, J. (2004). Momordica charantia increases insulin
sensitivity and glucose transporter 4 expression in muscle of obese rats. Journal of
Nutritional Biochemistry, 15(9), 535-543.

Uebanso, T., Arai, H., & Taketani, Y. (2007). Extracts of Momordica charantia suppress
intestinal disaccharidase activity and glucose transporter 1 expression in rats. Journal of
Nutritional Science and Vitaminology, 53(6), 482-488.

Welihinda, J., & Karunanayake, E. H. (1986). Extra-pancreatic effects of Momordica
charantia in normal and diabetic rats. Journal of Ethnopharmacology, 17(3), 247-255.
Xiang, L., Huang, X., & Chen, Y. (2007). Protective effects of Momordica charantia fruit
extract on pancreatic B-cells in streptozotocin-induced diabetic mice. Phytomedicine,
14(12), 804-810.

Teoh, S. L., Latiff, A. A., & Das, S. (2010). Histological changes in the kidneys of
diabetic rats treated with Momordica charantia extract. Rom J Morphol Embryol, 51(3),
501-505.

Chao, C. Y., & Huang, C. J. (2003). Bitter gourd (Momordica charantia) extract
suppresses cytokine-induced NF-kB activation in vascular endothelial cells. Journal of
Agricultural and Food Chemistry, 51(24), 6940-6945.

Chen, Q., Chan, L. L., & Li, E. T. (2003). Bitter melon (Momordica charantia) reduces
adiposity, lowers serum insulin and normalizes glucose tolerance in rats fed a high-fat
diet. The Journal of Nutrition, 133(4), 1088-1093.

Xu, J., Cao, K., & Liu, J. (2014). Bitter melon extract attenuates high-fat diet-induced
obesity and metabolic dysfunction through PPAR activation. Endocrinology, 155(6),
2120-2128.

Bai, L. Y., Chiu, C. F.,, Chu, P. C., Lin, W. Y, Chiu, S. J., & Weng, J. R. (2016). A
triterpenoid from wild bitter gourd inhibits breast cancer cells through apoptosis
induction. Scientific Reports, 6(1), 22402.

Ray, R. B., Raychoudhuri, A., & Steele, R. (2010). Bitter melon extract inhibits breast
cancer cell proliferation by modulating cell cycle regulatory genes and inducing apoptosis.
Cancer Research, 70(5), 1925-1931.

78



34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

FAR EAST ASIA 7th INTERNATIONAL CONFERENCE ON APPLIED SCIENCES
Aug 20 - 26, 2026 — Tokyo
ISBN NR. : 978-625-8795-39-4

Walters, T. W., & Decker-Walters, D. S. (1988). Systematic and evolutionary
relationships in Momordica (Cucurbitaceae). Economic Botany, 42(2), 234-241.
Lee-Huang, S., Huang, P. L., & Chen, H. C. (1995). Anti-HIV and antitumor activities of
recombinant MAP30 from bitter melon. Biochemical and Biophysical Research
Communications, 208(1), 264-273.

Mahmood, A., Raja, G. K., & Mahmood, T. (2019). Antimicrobial and phytomedicinal
properties of Momordica charantia against pathogenic microorganisms. Pakistan Journal
of Pharmaceutical Sciences, 32(2), 651-658.

Costa, J. P., Silva, L. M., & Santos, R. A. (2011). Antimicrobial activity of Momordica
charantia L. against foodborne pathogens. Brazilian Journal of Microbiology, 42(3),
1085-1091.

Bourinbaiar, A. S., & Lee-Huang, S. (1996). The activity of plant-derived antiretroviral
proteins MAP30 and GAP31 against herpes simplex virus in vitro. Biochemical and
Biophysical Research Communications, 219(3), 923-929.

Raman, A., & Lau, C. (1996). Anti-diabetic properties and phytochemistry of Momordica
charantia L. (Cucurbitaceae). Phytomedicine, 2(4), 349-362.

Stepka, W., Wilson, K. E., & Madge, G. E. (1974). Antifertility effects of Momordica
charantia seed extract in rodents. Journal of Pharmaceutical Sciences, 63(3), 461-463.
De, S., & Ghosh, P. (2015). Vicine and convicine content in Momordica charantia seeds
and potential risk of favism in G6PD-deficient individuals. Phytochemical Analysis, 26(4),
275-281.

Ghosh, S., & Sarkar, S. (2020). Nanoparticle-mediated delivery of Momordica charantia
extracts for enhanced antidiabetic efficacy. International Journal of Nanomedicine, 15,
4521-4535.

Sharma, S., & Singh, R. (2022). Self-emulsifying drug delivery systems (SEDDS) for
improving oral bioavailability of charantin and cucurbitane triterpenoids. Drug Delivery
and Translational Research, 12(8), 1890-1904.

79



FAR EAST ASIA 7th INTERNATIONAL CONFERENCE ON APPLIED SCIENCES
Aug 20 - 26, 2026 — Tokyo
ISBN NR. : 978-625-8795-39-4

A KEY ACTOR IN PROSTAGLANDIN METABOLISM: NAD*-DEPENDENT 15-
HYDROXYPROSTAGLANDIN DEHYDROGENASE
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ABSTRACT

15-Hydroxyprostaglandin Dehydrogenase (15-PGDH) is the primary metabolic enzyme
responsible for the inactivation of prostaglandins, which play a central role in cellular signaling,
inflammatory responses, pain, and tissue homeostasis in the human body. It reduces bioactive
lipids such as prostaglandin E2 (PGE2), PGF2a, and secretory lipoxins to their biologically
inactive derivatives by converting the hydroxyl group at the 15th carbon to a keto group. This
critical metabolic filter function of the enzyme ensures the delicate maintenance of lipid balance
in tissues and prevents inflammatory signals from getting out of control. Genetic disorders or
mutations in 15-PGDH function lead to excessive accumulation of PGE2 in the body, causing
significant clinical manifestations. The pathophysiological importance of the enzyme has
gained a new dimension with its identification as a powerful tumor suppressor molecule.
Significantly reduced or completely silenced 15-PGDH expression has been observed in many
malignancies, especially colorectal, lung, breast, liver, and stomach cancers. While the
cyclooxygenase-2 (COX-2) enzyme increases PGE2 synthesis, 15-PGDH controls this
accumulation through an antagonistic effect. Loss of the enzyme increases the amount of PGE2
in the environment, promoting angiogenesis, cell proliferation and invasion, and immune
evasion mechanisms in the tumor microenvironment. These properties make 15-PGDH both a
critical biomarker in cancer diagnosis and a strategic focus area to target.

Recent research has revealed that transiently inhibiting the enzyme offers revolutionary
opportunities in regenerative medicine. Thanks to small molecule specific 15-PGDH inhibitors
such as SW033291, local PGE2 levels in tissues can be increased while maintaining them
within a safe threshold.

Elevated PGE2 levels accelerate stem cell engraftment after bone marrow transplantation,
promote liver regeneration, repair ulcerative damage in the colon mucosa, and offer potential
in reversing age-related sarcopenia.

15-PGDH is a vital regulator that stands at the center of the delicate balance between synthesis
antagonists and degradation mechanisms, shaping future therapeutic approaches across a wide
range of fields from molecular biology to clinical oncology and tissue engineering.

Keywords: 15-PGDH (15-Hydroxyprostaglandin Dehydrogenase), Prostaglandin Metabolism,
Inflammation and Cancer, SW033291 (Tissue Regeneration)
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PROSTAGLANDIN METABOLIZMASINDA ANAHTAR BIR AKTOR: NAD*-
BAGIMLI 15-HIDROKSIiPROSTAGLANDIN DEHIDROGENAZ

OZET

15-Hidroksiprostaglandin Dehidrogenaz (15-PGDH), insan vicudunda hiicresel sinyal iletimi,
iltihabi yanitlar, agr1 ve doku homeostazinda merkezi rol oynayan prostaglandinlerin
inaktivasyonundan sorumlu birincil metabolik enzimdir. Biyoaktif lipidler sinifinda yer alan
prostaglandin E2 (PGE2), PGF2a ve salgisal lipoksinler gibi yapilarin 15. Karbonundaki
hidroksil grubunu keto grubuna doniistiirerek bu molekiilleri biyolojik olarak pasif tlirevlerine
indirger. Enzimin bu kritik metabolik stizge¢ gorevi, dokulardaki lipid dengesinin hassas
bicimde korunmasini ve enflamatuar sinyallerin kontrolden ¢ikmasini engeller.

15-PGDH fonksiyonlarindaki genetik bozukluklar veya mutasyonlar, PGE2’nin viicutta asir1
birikmesine yol acarak belirgin klinik tablolar meydana getirir.

Enzimin patofizyolojik 6nemi, onun gugli bir timor baskilayict molekul olarak
tanimlanmasiyla yeni bir boyut kazanmistir. Kolorektal, akciger, meme, karaciger ve mide
kanserleri basta olmak iizere bircok malignitede 15-PGDH ekspresyonunun anlamli diizeyde
azaldig1 veya tamamen sustugu gézlemlenmistir.

Siklooksijenaz-2 (COX-2) enziminin PGE2 sentezini artirmasina karsilik, 15-PGDH bu
birikimi antagonist etkiyle kontrol eder. Enzimin kaybi, ortamdaki PGE2 miktarin1 yiikselterek
timor mikrogevresinde: anjiyojenezi, hiicre ¢ogalmasini ve invazyonunu, immiin kagis
mekanizmalarini tesvik eder. Bu ozellikler, 15-PGDH'yi hem kanser teshisinde kritik bir
biyobelirte¢ hem de hedeflenmesi gereken stratejik bir odak noktasi haline getirir.

Son yillarda yapilan arastirmalar, enzimin gegici olarak inhibe edilmesinin rejeneratif tip
acisindan devrim niteliginde firsatlar sundugunu ortaya koymustur. SW033291 gibi kiigiik
molekulli spesifik 15-PGDH inhibitorleri sayesinde, dokulardaki lokal PGE2 seviyeleri
giivenli bir esikte tutularak artirilabilmektedir.

Yukselen PGE2 seviyeleri kemik iligi nakli sonrasi kok hiicre tutunmasini hizlandirir, karaciger
rejenerasyonunu tesvik eder, kolon mukozasindaki ilseratif hasarlari onarir ve yaslanmaya
bagli sarkopeniyi geri ¢cevirmede potansiyel sunar.

15-PGDH, sentez antagonistleri ile yikim mekanizmalar1 arasindaki hassas dengenin
merkezinde duran, molekiiler biyolojiden klinik onkolojiye ve doku miihendisligine kadar genis
bir alanda gelecegin tedavi yaklasimlarini sekillendiren hayati bir regiilatordiir.

Anahtar Kelimeler: 15-PGDH (15-Hidroksiprostaglandin Dehidrogenaz), Prostaglandin
Metabolizmasi, Enflamasyon ve Kanser, SW033291 (Doku Yenilenmesi)
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1. GIRIS

Prostaglandinler (PG'ler), membran kaynakli arasidonik asitten, fosfolipaz A2 (PLA2),
siklooksijenaz enzimleri (COX-1 ve COX-2) ve spesifik terminal prostaglandin sentazlarinin
ardisik eylemleri yoluyla sentezlenen hormon benzeri, otokrin ve parakrin lipid sinyal
molekalleridir [1, 2]. PGE2, PGD2, PGF2 alfa ve prostasiklin (PGI2) dahil olmak (zere
biyolojik olarak aktif prostanoidler, vaskiiler tonus ve mukoza korumasindan inflamatuar
kaskadlara, renal hemodinamige, miyometrial kasilmaya ve doku rejenerasyonuna kadar ¢esitli
fizyolojik siireclere aracilik eder [1, 2].

Prostaglandin sinyallemesinin biiyiikliigii, siiresi ve uzamsal sinirlar1 sadece COX-2 yoluyla hiz
sinirlt biyosentez ile degil, ayn1 zamanda metabolik inaktivasyonla da belirlenir [2, 3].
Prostaglandin etkisi hizli ve lokalizedir; salindiktan sonra bu molekiiller, EP1, EP2, EP3, EP4,
DP1, DP2, FP ve IP olarak adlandirilan spesifik G protein-bagimli reseptorlere baglanarak
siklik adenozin monofosfat (CAMP) Uretimi ve kalsiyum mobilizasyonu gibi hicre ici sinyal
yollarm tetikler [1].

Aktif prostanoidlerin temizlenmesinden sorumlu birincil enzim 15-hidroksiprostaglandin
dehidrogenazdir (15-PGDH) [4-6]. 20. Yiizyilin ortalarinda kesfedilen 15-PGDH, birincil
prostaglandinlerin aktif 15(S)-hidroksil grubunu karsilik gelen inaktif 15-keto tlrevlerine
doniistiirerek G protein-bagimli reseptorlerin aktivasyonunu etkili bir sekilde sonlandirir [3, 4].
Son yirmi yilda, yapisal biyoloji ve genetik fare modelleri, 15-PGDH ekspresyonunun
embriyonik gelisim, doku homeostazi, onkogenez ve hiicresel yaslanma boyunca siki bir
sekilde diizenlendigini ortaya koymustur [5, 7, 8, 9, 10, 11].

2. GEN MIMARISI, PROTEIN iZOTIPLERI VE YAPISAL ENZIMOLOJI

2.1 Gen Yapisi ve Ekspresyon Diizenlemesi

Insanlarda, 15-PGDH'nin birincil formu (Tip 1), kromozom 4q34.1'de bulunan HPGD geni
tarafindan kodlanir. Gen yaklasik 31 kilobaz uzunlugundadir ve 6 intronla ayrilmis 7 ekzondan
olusur [5]. HPGD'nin transkripsiyonel kontrolii ¢esitli transkripsiyon faktorleri araciligiyla
saglanir. Baskilayicilar: Snail (SNAII), Slug (SNAI2), ZEB1 ve TGF-B/Smad sinyal yolu
epitelyal-mezenkimal ge¢is (EMT) ve onkojenik doniisiim sirasinda HPGD transkripsiyonunu
baskilar [12, 13]. Aktivatorler: Peroksizom proliferatorle aktive olan reseptdr gama (PPARY),
glukokortikoid reseptorleri ve tlimor baskilayici p53, epitel ve mukoza dokularinda HPGD
ekspresyonunu artirir [14-16].

2.2 izofor Siniflandirmasi

Insan biyolojisinde iki tip 15-PGDH simifi mevcuttur:

Tip 1 15-PGDH (NAD"-bagimli): HPGD tarafindan kodlanan bu homodimerik enzim, 266
amino asitten olusan 29 kDa agirliginda iki 6zdes monomer igerir [5]. Birincil prostaglandinler
(PGE2, PGD2, PGF2a) i¢in diisiik mikromolar Km degerleri gosterir ve fizyolojik
prostaglandin yikiminda yer alan ana enzimdir [4, 5].

Tip 1l 15-PGDH (NADP*-bagimli): AKRI1C1 (aldo-keto rediktaz stper ailesinin bir Gyesi)
tarafindan kodlanan Tip II 15-PGDH, sentetik karboniller, steroidler ve ksenobiyotikler icin
daha genis bir substrat 6zgiilliigii gosterir ve endojen prostaglandinlere kars1 diisiik fizyolojik
afinite sergiler [16, 17].
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2.3 Yapisal Enzimoloji ve Katalitik Uglii

Tip |1 15-PGDH, kisa zincirli dehidrojenaz/rediiktaz (SDR) siiper ailesine (SDR1C ailesi) aittir
[5, 18]. X-151m1 kristalografisi kullanilarak yapilan yapisal ¢aligmalar, homodimerik mimariyi
cozerek, niikleotid kofaktor (NAD™) baglanmasi i¢in klasik bir Rossmann katlamasi ve bitisik
bir hidrofobik substrat baglama cebi ortaya koymustur [5, 18].

Katalitik mekanizma, SDR enzimlerinin karakteristik 6zelligi olan Ser138, Tyrl51 ve Lys155
olmak tizere korunmus bir katalitik tigliiye ve hidrit transferine dayanir:

1. Tyrl51: PGE2'nin 15(S)-hidroksil grubundan bir protonu koparan genel baz gdrevi gorir
[18].

2. Lys155: NAD+'nin riboz kismu ile elektrostatik etkilesimler olusturarak, fizyolojik pH'da
proton koparilmasini kolaylagtirmak i¢in Tyr151 hidroksil grubunun pKa degerini diistiriir [18].
3. Ser138: Substratin karbonil ge¢is durumunun oksijen atomunu elektrostatik olarak stabilize
eder [18].

4. Hidrit Transferi: Eszamanl olarak, bir hidrit iyonu (H—), prostaglandin substratinin C-
15'inden NAD+'1n nikotinamid halkasinin C-4'line transfer edilerek NADH ve 15-keto-PGE2
olusturulur [5, 18].

3. PROSTAGLANDIN PARCALANMA KASKADLARI

PGE2’nin enzimatik pargalanmasi, 15-PGDH aracili prostanoid inaktivasyonu i¢in prototipik
bir model gorevi goriir. Hidroksil grubunun bir ketona doniismesi, EP1-EP4 GPCR’lerine
baglanmak i¢in gerekli olan hidrojen bagi etkilesimlerini ortadan kaldirir. 15-keto-PGE2'nin bu
reseptorlere olan afinitesi, PGE2'ye kiyasla iki asamadan fazla azalir; bu da, asag1 akistaki hiicre
ici CAMP dretimini, protein kinaz A (PKA) sinyal iletimini ve glikojen sentaz kinaz 3 beta
(GSK3p) inhibisyonunu etkili bir sekilde devre dis1 birakir [15, 16].

4. PATOFIZYOLOJIK ROLLER

4.1 Yaslanmanin Itici Giicii ve Bir “Gerozim” Olarak 15-PGDH

Gerontoloji alanindaki ¢alismalar, 15-PGDH’yi fizyolojik yaslanma sirasinda doku nislerinde
ekspresyonu artan kilit bir “gerozim” olarak konumlandirmistir.

« Iskelet Kas1: Sarkopenik kasta, 15-PGDH asir1 ekspresyonu lokal PGE2'yi tliketir ve CAMP-
PKA-CREB yolunun EP4-aracili aktivasyonunu baskilar [8]. Bu, kas kok hiicresi (uydu
hiicresi) proliferasyonunu bozar ve mitokondriyal disfonksiyona yol acar [8, 19]. 15-PGDH'nin
farmakolojik inhibisyonu, kas lifi kesit alanini artirir, mitokondriyal oksidatif fosforilasyonu
tyilestirir ve yaslt hayvan modellerinde kas giiciinii geri kazandirir [8].

» Hematopoetik Nis: Kemik iligi stromasinda yasa bagli olarak artan 15-PGDH, hiicre disi
PGE2 seviyelerini diislirerek hematopoetik kok hiicrenin (HSC) hayatta kalmasini, kendini
yenilemesini ve transplantasyon sonrasi tutunma kapasitesini bozar [9, 20].

» Gastrointestinal ve Hepatik Yaslanma: Gastrointestinal sistemde ve karacigerde ylkselen 15-
PGDH aktivitesi, endojen kok hiicre proliferasyon yollarini bloke ederek kimyasal yaralanma
veya kismi doku rezeksiyonunu takiben rejeneratif kapasiteyi azaltir [9, 21, 22].

4.2 Onkolojide Tiimor Baskilayict Fonksiyon

Somatik yaslanma sirasinda zararli yiikselmesinin aksine, 15-PGDH epitel dokularda énemli
bir timdr baskilayici gorevi goriir [7, 10].
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Kolorektal Kanser (CRC): 15-PGDH normal kolon mukozasinda yiiksek seviyelerde ifade
edilir, ancak erken adenomlarda ve kolorektal karsinomalarda baskilanir [7, 10, 23]. 15-PGDH
fonksiyonunun kaybi, promotor CpG adas1 hipermetilasyonu, histon modifikasyonlar1 ve TGF-
B veya Snail sinyallemesinin asag1 akisindaki transkripsiyonel baskilamadan
kaynaklanmaktadir [23, 12, 24]. 15-PGDH kaybi1, doku PGE: birikimine yol agarak B-katenin
niikleer translokasyonunu, hicre proliferasyonunu, apoptozun inhibisyonunu ve timor
anjiyogenezini tetikler [10, 25, 26].

Akciger Adenokarsinomu: 15-PGDH'min downregiilasyonu, ileri TNM evresi, lenf diiglimii
metastazi ve kii¢lik hiicreli olmayan akciger kanserinde (NSCLC) genel sagkalimin azalmasiyla
iligkilidir [29]. Akciger kanseri hiicre hatlarinda 15-PGDH'nin yeniden ekspresyonu, apoptozu
geri kazandirir ve ksenograft modellerinde tiimdr biiytimesini baskilar [29, 14].

Meme, Mide ve Pankreas Kanserleri: 15-PGDH'nin downregulasyonu meme, mide, pankreas
ve mesane karsinomlarinda yaygindir ve genis spektrumlu bir tiimor baskilayici rol oynar [9].
4.3 Ureme ve Obstetrik Fizyoloji

15-PGDH, sinsityotrofoblastlarda, sitotrofoblastlarda ve plasentanin koryonik epitelyumunda
ifade edilir [11, 30]. Gebelik sirasinda, yiliksek 15-PGDH aktivitesi amniyonda iiretilen kasilma
prostaglandinlerini (PGE2 ve PGF2a) alttaki miyometriyuma ulagmadan once parcalayarak
uterusun sakinligini koruyan enzimatik bir bariyer gorevi gorur [11, 31].

Dogumda, fetal membranlarda ve alt uterus segmentinde 15-PGDH'nin lokalize olarak
downregiilasyonu, engellenmemis prostaglandin sinyallemesine izin vererek servikal
olgunlagsmay1 ve dogum kasilmalarini tetikler [11, 31]. Pro-enflamatuar sitokinler (TNF-a, IL-
1B) veya bakteriyel enfeksiyonlar tarafindan yonlendirilen azalmis plasental 15-PGDH
aktivitesi, idiyopatik erken dogum ve preeklampsi ile iliskilidir [31, 32].

5. FARMAKOLOJIK MODULASYON VE KLINIK UYGULAMAYA YONELIK
GELISTIRME SURECLERI

5.1 Kiictik Molekiillii 15-PGDH Inhibitérleri (15-PGDHi)

Yiksek verimli tarama, SWO033291 ve SW209415 gibi kigik molekulli 15-PGDH
inhibitdrlerinin tanimlanmasina yol agmistir [9, 33].

» SW033291: Nanomolar afiniteye sahip gii¢lii, yiiksek derecede segici bir inhibitordir (1C50
~1-10 nM), 15-PGDH'nin katalitik bdlgesine baglanarak, dogrudan GPCR agonist
inflizyonlartyla tipik olarak iliskilendirilen sistemik toksisite veya gastrointestinal iilserasyona
neden olmadan lokal PGE2 seviyelerini artirir [9, 33].

* SW209415: Oral biyoyararlanim, metabolik stabilite ve sistemik uygulama ic¢in optimize
edilmis ikinci nesil bir inhibitordiir [8].

5.2 15-PGDH Inhibisyonu i¢in Terapétik Endikasyonlar

1. Iskelet Kasmin Rejenerasyonu: Sarkopeni ve kas distrofisi modellerinde, 15-PGDH
inhibisyonu kas giiciinii, kesit alanin1 ve dayaniklilig1 geri kazandirir [8, 19].

2. Hematopoetik Kok Hiicre Genislemesi: 15-PGDH inhibitorleri, kemik iligi
transplantasyonundan sonra hematopoetik yeniden yapilanmay1 hizlandirarak transplantasyon
sonras1 ndtropeni ve trombositopeni siiresini kisaltir [9, 20].
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3. Mukozal ve Hepatik Onarim: 15-PGDH inhibisyonu, inflamatuar bagirsak hastalig1 olan
iilseratif kolitte mukozal iyilesmeyi hizlandirir ve kismi hepatektomi sonrasi karaciger
rejenerasyonunu hizlandirir [9, 21, 34].

5.3 Translasyonel Zorluklar: Onko-Rejeneratif Ikili Tliski

15-PGDH hedeflemesinde temel bir zorluk, rejenerasyon ve tiimor olusumundaki ikili rollerini
dengelemektir [10]. 15-PGDH'yi bloke etmek doku onarmmini tesvik ederken, lokal PGE2'nin
kronik olarak yukselmesi, gizli adenom blytmesini veya erken evre karsinogenezi tetikleme
teorik riskini tagir [26]. Terapdtik stratejiler gegici, kisa siireli dozlamaya veya doku hedefli ilag
dagitimina odaklanir [9, 35]. 15-PGDH'nin yeniden aktive edilmesi tumoér PGE2 seviyelerini
diisiirerek anjiyogenezi ve proliferasyonu baskilar [10, 27]. Bununla birlikte, sistemik yeniden
aktivasyon teorik olarak fizyolojik doku onarimini bozabilir veya yasa bagli dejeneratif
durumlar kétiilestirebilir [8, 19].

6. SONUCLAR VE GELECEK YONELIMLERI

15-Hidroksiprostaglandin dehidrogenaz (15-PGDH), eikozanoid metabolizmasinin énemli bir
dizenleyicisidir [4-6]. Epiteliyal onkolojide, tiimor baskilayict ve yasa bagli doku
dejenerasyonunu yonlendiren bir "gerozim" olarak ikili islevleri ve insan fizyolojisindeki
onemli rolli vurgulamaktadir [10, 19, 22].

Gelecekteki arastirmalar 15-PGDH diizenlemesinin mekansal ve zamansal niianslarini
¢ozmeye odaklanmalidir. Oncelikler sunlardir:

1. Ikinci nesil 15-PGDH inhibitérlerinin sarkopeni, kemik iligi nakli ve doku hasari i¢in insan
klinik ¢alismalaria doniistiiriilmesi [8, 9].

2. Rejeneratif faydalari potansiyel onkojenik risklerden ayirmak igin hiicre tipi spesifik ve organ
hedefli dagitim sistemlerinin gelistirilmesi [22, 35].

3. Hedefli reaktivasyon tedavilerini kolaylagtirmak i¢in erken malignitelerde 15-PGDH kaybina
yol agan epigenetik mekanizmalarin aydinlatilmasi [12, 13, 24].
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OZET

Senkron makinelerde alan akiminin dogru bi¢imde belirlenmesi; gerilim regiilasyonu, reaktif
gic kontroll ve kararh ¢alisma kosullarinin saglanmasi agisindan biiyiik 6nem tasimaktadir.
Bununla birlikte, alan akimi ile makinenin ¢alisma degiskenleri arasindaki dogrusal olmayan
iliskiler, geleneksel dogrusal yaklasimlarin tahmin basarimini sinirlandirabilmektedir. Bu
caligmada, senkron makinelerde alan akimimin (I f) tahmin edilmesi amaciyla iiglincii
dereceden polinomsal regresyon modeli gelistirilmis ve modelin tahmin performansi
incelenmistir. Arastirmada kullanilan veri seti, senkron makinenin farkli caligma kosullarinda
gergeklestirilen deneylerden elde edilen dlgiimlerden olugsmaktadir. Modelin giris degiskenleri
olarak yiik akimi1 (I y) ve gii¢ faktorii (PF), hedef degisken olarak ise alan akim1 kullanilmustir.
Modelleme asamasindan 6nce gerceklestirilen korelasyon incelemeleri ve gorsel analizler, giris
degiskenleri ile alan akimi arasindaki iliskinin dogrusal bir yap1 gdstermedigini ortaya
koymustur. Bu nedenle, degiskenler arasindaki dogrusal olmayan oriintiileri temsil edebilmek
amactyla li¢iincii dereceden polinomsal 6zellikler olusturulmustur. Veri seti, gozlemlerin %80°1
egitim ve %20’si test i¢in kullanilacak sekilde iki alt kiimeye ayrilmistir. Gelistirilen modelin
basarimi belirlilik katsayist (R?), ortalama mutlak hata (MAE) ve kok ortalama kare hata
(RMSE) olcutleri kullanilarak degerlendirilmistir. Deneysel sonuglar, polinomsal regresyon
modelinin test veri setinde yaklasik 0,93 R? degerine ulastigin1 ve alan akimindaki degisimin
onemli bir boliimiinii agiklayabildigini gostermistir. Ayrica gergeklestirilen ¢apraz dogrulama
analizi, modelin farkli veri bolmelerinde benzer ve tutarl bir tahmin performansi sergiledigini
ortaya koymustur. Elde edilen bulgular, ylik akimi ve gii¢ faktorii bilgileri kullanilarak alan
akimmin yiiksek dogrulukla tahmin edilebilecegini gostermektedir. Sonug olarak, Gglncu
dereceden polinomsal regresyon; diisiik hesaplama karmagikligi, uygulanabilirligi ve dogrusal
olmayan iligkileri temsil edebilme yetenegi sayesinde senkron makinelerde alan akimi tahmini
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icin etkili ve guvenilir bir yontem sunmaktadir. Gelistirilen yaklasimin, senkron makinelerin
izlenmesi, kontrolii ve uygun uyarma kosullarinin belirlenmesine yonelik uygulamalara katki
saglayabilecegi degerlendirilmektedir.

Anahtar Kelimeler: Senkron makine, alan akimi, polynomial regresyon, regresyon analizi,

tahmin modeli.

1. GIRIS

Senkron makineler, endiistriyel uygulamalarda sabit hizda calisabilmeleri, yiiksek verim
saglamalart ve giic sistemi kararliligina katki sunmalari nedeniyle yaygin olarak
kullanilmaktadir. Bu makinelerde alan akimi, motorun kararli c¢alismasi, gii¢ faktoriiniin
diizenlenmesi ve enerji verimliliginin artirilmasi acisindan kritik bir parametredir. Alan
akiminin dogru belirlenmesi, senkron makinenin istenen caligsma kosullarinda tutulmasina ve
sistem performansinin iyilestirilmesine dogrudan katki saglamaktadir (Glucina et al., 2023).
Bununla birlikte, alan akiminin dogrudan 6lgiilmesi her zaman kolay degildir. Ozellikle firgasiz
uyarma sistemine sahip senkron makinelerde alan akimi dogrudan erisilebilir olmayabilir ve bu
nedenle giivenilir tahmin yOntemlerine ihtiya¢ duyulmaktadir. Ayrica, senkron makine
parametreleri ¢ogu zaman dogrusal olmayan iliskiler igerdiginden, klasik matematiksel
modeller bu iliskileri yeterince temsil etmekte sinirl kalabilmektedir (Deriszadeh et al., 2022).
Literatiirde senkron makinelerde alan akimi tahminine yonelik farkli veri tabanli yontemler
kullanilmigtir. Bayindir ve arkadaslar1 (2012), alan akimimin reaktif giic kompanzasyonu
acisindan dnemli oldugunu vurgulamis ve yiik akimi, gii¢ faktorii, giic faktorii hatasi ve alan
akimi degisimi gibi parametreleri kullanarak k-en yakin komsu yontemiyle alan akim1 tahmini
gergeklestirmistir (Bayindir et al., 2012). Glucina ve arkadaslar1 (2023) ise ayni problem igin
dogrusal regresyon, rassal orman, destek vektor regresyonu, ¢ok katmanli algilayici ve
XGBoost gibi farkli makine 6grenmesi yontemlerini karsilagtirmistir (Glucina et al., 2023).
Son yillarda bu problem i¢in daha gelismis yapay zeka ve optimizasyon tabanli yontemler de
onerilmistir. Kuo ve arkadaslar1 (2023), SMOGN, MFO ve XGBoost tabanl bir yaklagim ile
alan akimi tahmininde yiiksek dogruluk elde etmistir (Kuo et al., 2023). Dey ve arkadaslari
(2023), yapay sinir ag1 tabanli bir model kullanarak alan akimi tahmininde yiiksek dogruluk
saglandigin1 gostermistir (Dey et al., 2023). Benzer sekilde Su ve arkadaslar1 (2024), MLP, RF,
SVM ve hibrit modelleri karsilastirmis; hibrit yaklasimlarin dogruluk ve kararlilik agisindan
avantaj sagladigini belirtmistir (Su et al., 2024).

Mevcut caligsmalar incelendiginde, alan akim1 tahmininde yiiksek dogruluk elde etmek amaciyla
cogunlukla karmasik makine 6grenmesi ve hibrit modelleme yontemlerinin tercih edildigi
gorilmektedir. Ancak bu yontemler genellikle yiiksek hesaplama maliyeti, model karmagikligi
ve diisiik yorumlanabilirlik gibi sinirliliklar icermektedir. Ayrica bu modellerin ger¢cek zamanl
uygulamalarda kullanimi, parametre ayarlama gereksinimleri ve hesaplama yiikii nedeniyle
zorlasabilmektedir. Bu durum, daha basit ve uygulanabilir modelleme yaklagimlarina olan
ihtiyaci ortaya koymaktadir.
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Bu c¢alismada, senkron makinede alan akiminin tahmini amaciyla ii¢lincii dereceden (degree =
3) polynomial regresyon modeli kullanilmistir. Calismanin temel katkisi, karmagsik yapay zeka
modellerine alternatif olarak daha sade, yorumlanabilir ve diisiik hesaplama maliyetine sahip
bir modelleme yaklagimi sunmasidir. Ayrica, degiskenler arasindaki dogrusal olmayan
iliskilerin polynomial regresyon ile modellenebilirligi analiz edilerek, bu yontemin alan akimi
tahminindeki basarimu istatistiksel ve gorsel analizlerle degerlendirilmistir.

2. MATERYAL VE METOT

2.1. Veri Seti
Bu calismada kullanilan veri seti, senkron makinelerde alan akiminin tahminine yonelik olarak
olusturulmus gergek deneysel dlgiimlerden elde edilmistir. Senkron makineler, alternatif akim
(AC) ile galigan ve rotor hizinin besleme frekansi ile senkronize oldugu elektrik makineleridir.
Bu makinelerde stator sargilar1 tarafindan olusturulan doner manyetik alan ile rotor manyetik
alan1 aynm1 agisal hizda donmekte olup, kararli ¢alisma kosullarinda rotor hiz1 senkron hizda
sabit kalmaktadir. Bu 6zellik, senkron makinelerin hassas hiz kontrolii gerektiren endiistriyel
uygulamalarda yaygin olarak kullanilmasini saglamaktadir (Chapman, 2005).
Alan akimi1 (excitation current), senkron makinelerde gii¢ faktdriiniin ayarlanmasi, reaktif gii¢
kompanzasyonu ve sistem kararliliginin saglanmasi agisindan kritik bir parametredir. Ancak
ozellikle fircasiz uyarma sistemlerinde alan akiminin dogrudan 6lgiilmesi zor oldugundan, bu
parametrenin giivenilir sekilde tahmin edilmesi biiyiilk 6nem tasimaktadir. Bu nedenle
literatiirde alan akimi tahminine yonelik g¢esitli veri tabanli modelleme yaklasimlar
gelistirilmistir (Kahraman, 2014; Kahraman et al., 2012).
Bu caligmada kullanilan veri seti, Kaggle platformunda yayimlanan “Synchronous Machine
Dataset” ¢alismasindan elde edilmistir (Fedesoriano, 2021). Veri seti toplam 557 gozlem ve 5
degiskenden olugsmaktadir. Veri setinde yer alan degiskenler; yiik akimi1 (1Y), guc faktori (PF),
giic faktorii hatasi (e _PF), alan akimi degisimi (d_if) ve hedef degisken olan alan akimi (I f)
olarak tanimlanmustir.
Veri seti, senkron makinenin farkli ¢aligma kosullarin1 temsil eden 6lgiimlerden olusmakta
olup, literatiirde alan akimi tahmini ¢aligmalarinda yaygin olarak kullanilan bir veri yapisina
sahiptir. Nitekim Kahraman (2014) tarafindan gerceklestirilen calismalarda da benzer
parametreler kullanilarak alan akimi tahmini gergeklestirilmis ve basarili sonuglar elde
edilmistir (Kahraman, 2014; Kahraman et al., 2012). Bu yoniiyle veri seti, makine 6grenmesi
tabanli modelleme yaklagimlarinin degerlendirilmesi agisindan uygun bir test ortami
sunmaktadir.
Veri setinde eksik veri bulunmamakta olup tiim degiskenler sayisal (float) tiptedir. Bu durum,
modelleme siirecinde veri 6n isleme ihtiyacini azaltan 6nemli bir avantaj saglamaktadir.
Veri setine ait tanimlayici istatistikler Cizelge 1°de sunulmustur.

Cizelge 1. Tammlayici istatistikler

Degisken Ortalama Std. Sapma Min Medyan Max
l_y 4,500 0,896 3,000 4,500 6,000
PF 0,825 0,104 0,650 0,820 1,000
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e_PF 0,175 0,104 0,000 0,180 0,350
d_if 0,351 0,181 0,037 0,345 0,769
I_f 1,531 0,181 1,217 1,525 1,949

Tablo 1 incelendiginde, gii¢ faktorii (PF) degiskeninin 0.65 ile 1.00 aralifinda degistigi ve
ortalama degerinin yaklasik 0.825 oldugu goriilmektedir. Benzer sekilde hedef degisken olan
alan akimi (I f) degerlerinin 1.217 ile 1.949 araliginda dagildig1 belirlenmistir. Degiskenlerin
standart sapma degerlerinin gorece diisiik olmasi, verilerin belirli bir bant araliginda
yogunlastigini ve asir1 yayilim bulunmadigini géstermektedir.
Bu bulgular, veri setinin senkron makine davraniginin modellenmesi ve alan akiminin tahmin
edilmesi ac¢isindan uygun bir yapiya sahip oldugunu gostermektedir. Literatiirde yer alan benzer
caligmalar, bu tlir veri yapilariin makine oOgrenmesi yontemleri ile bagarili sekilde
modellenebilecegini ortaya koymaktadir.

2.2. Korelasyon Analizi
Degiskenler arasindaki iligkilerin incelenmesi amaciyla korelasyon analizi gerceklestirilmistir.
Korelasyon katsayilari, degiskenler arasindaki dogrusal iligkinin yoniinii ve siddetini
belirlemek i¢in kullanilmistir. Elde edilen korelasyon degerleri Tablo 2’de sunulmustur.

Cizelge 2. Alan Akimi ile Degiskenler Arasindaki Korelasyon

Degisken Korelasyon (1_f)
Iy 0,425
PF -,.861
e_PF 0,861
d_if 1,000

Tablo 2 incelendiginde, alan akimi (I f) ile en yiiksek korelasyonun d_if degiskeni ile (r =
1.000) oldugu goriilmektedir. Bu durum, séz konusu degiskenlerin birbirinden tiiretilmis
oldugunu ve aralarinda tam dogrusal bir iligki bulundugunu gostermektedir. Benzer sekilde gii¢
faktorii (PF) ile glic faktorii hatasi (e PF) arasinda da tam negatif korelasyon (r = -1.000) oldugu
belirlenmistir.

Alan akimu ile gii¢ faktorii (PF) arasinda yiiksek diizeyde negatif korelasyon (r = -0.861)
bulunurken, gii¢ faktorii hatasi (e PF) ile yliksek diizeyde pozitif korelasyon (r = 0.861)
gbzlemlenmistir. Bu sonuglar, gii¢c faktoriiniin alan akimi iizerinde 6nemli bir etkisi oldugunu
gostermektedir.

Buna karsilik, yiik akimi (I_y) ile alan akimi arasindaki iliskinin orta diizeyde pozitif (r = 0.425)
oldugu belirlenmistir. Bu durum, yiik akiminin alan akimi tizerinde etkili olmakla birlikte, diger
degiskenlere kiyasla daha sinirli bir etkiye sahip oldugunu gostermektedir.

Elde edilen korelasyon sonuglari, modelleme asamasinda kullanilacak degiskenlerin se¢giminde
onemli bir rehber saglamaktadir. Ozellikle tam korelasyona sahip degiskenlerin modelde
birlikte kullanilmasi veri sizintisina (data leakage) yol agabileceginden, bu degiskenler
modelleme siirecinde dikkate alinarak degerlendirilmistir.
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Korelasyon Matrisi Isi Haritas!
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Gorsel 1. Korelasyon Matrisi Is1 Haritasi

2.3. Gorsel Analiz
Modelleme siirecine gegmeden dnce, bagimsiz degiskenler ile hedef degisken olan alan akimi (I_f)
arasindaki iligkilerin incelenmesi biiyiilk 6nem tasimaktadir. Bu kapsamda, degiskenler arasi iliskiler
sagilim (scatter) grafikleri yardimiyla degerlendirilmistir.
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Gorsel 2. Gii¢c Faktorii (PF) ile Alan Akim1 (I_f) Arasindaki Tliski

Sekil 2 incelendiginde, gii¢ faktorii (PF) ile alan akimi (I_f) arasinda belirgin bir negatif iliski
oldugu gorilmektedir. Giig faktérii artttkca alan akimi  degerlerinin  azaldigi
gozlemlenmektedir. Bununla birlikte, veri noktalarinin dogrusal bir dogru etrafinda tam olarak
toplanmadig1 ve belirli bir egrisel yap1 sergiledigi dikkat cekmektedir.
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Bu durum, degiskenler arasindaki iligkinin tam anlamiyla dogrusal olmadigini ve sistem
davraniginin dogrusal olmayan 6zellikler icerdigini gostermektedir. Dolayisiyla, alan akiminin
tahmininde dogrusal modellere kiyasla daha esnek modelleme yaklasimlarinin tercih edilmesi
gerektigi anlagilmaktadir.
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Gorsel 3. Tliski Yiik Akim (I_y) ile Alan Akinm (I_f) Arasindaki iliski

Sekil 3’te yiik akimi (I y) ile alan akimi (I_f) arasindaki iliski verilmistir. Grafikten goriildigii
iizere, 1 y ile I f arasinda pozitif yonli bir iliski bulunmaktadir. Yik akimi arttikca alan
akiminin da artma egiliminde oldugu gézlemlenmektedir.
Bununla birlikte, veri noktalarinin belirli bantlar halinde gruplastigi ve dogrusal bir dagilim
yerine karmasik ve kismen dogrusal olmayan bir yap: sergiledigi goriilmektedir. Bu durum,
sistemin davranisinin yalnizca dogrusal iliskilerle agiklanamayacagini ve modelleme siirecinde
daha gelismis yontemlerin kullanilmasinin gerekli oldugunu ortaya koymaktadir.

2.4. Modelleme
Bu ¢alismada, senkron makinede alan akiminin (I_f) tahmin edilmesi amaciyla polynomial regresyon
modeli kullanilmistir. Modelleme siirecinde, 6nceki béliimlerde gergeklestirilen korelasyon ve gorsel
analizler dikkate alinarak degiskenler arasindaki iligkilerin dogrusal olmadig1 belirlenmistir. Bu nedenle,
dogrusal modellere kiyasla daha esnek bir yap1 sunan polynomial regresyon yaklagimi tercih edilmistir.
Modelleme siirecinde bagimsiz degiskenler olarak gii¢ faktorii (PF) ve yiik akimi (I_y) kullanmilmistir.
Korelasyon analizinde tam bagimlilik gosteren degiskenler (d_if ve e PF), veri sizintisini (data leakage)
onlemek amaciyla modele dahil edilmemistir. Bu yaklagim, modelin ger¢ekei ve genellenebilir sonuglar
iiretmesi agisindan 6nem tagimaktadir.
Polynomial regresyon modeli, bagimsiz degiskenlerin yiiksek dereceden terimlerini ve c¢apraz
carpimlarini modele dahil ederek dogrusal olmayan iligkileri ifade edebilmektedir. Bu ¢aligmada,
ucunci dereceden (degree = 3) polynomial regresyon modeli kullanilmistir (Kilic, 2013). Model genel
olarak asagidaki sekilde ifade edilebilir:

Ir = Bo + Prx + Pox?® + Baxyxy + - 1)

Bu yap1 sayesinde model, degiskenler arasindaki karmasik iliskileri daha basarili bir sekilde
ogrenebilmekte ve tahmin performansini artirmaktadir.
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Modelleme stirecinde veri seti %80 egitim (train) ve %20 test olacak sekilde ikiye ayrilmistir.
Egitim verisi modelin 6grenmesi i¢in kullanilirken, test verisi modelin daha dnce gormedigi
veriler iizerindeki performansini degerlendirmek amaciyla kullanilmistir.
Ayrica, model performansimi artirmak ve degiskenler arasindaki Olgek farklarini ortadan
kaldirmak amaciyla veri setine StandardScaler yontemi uygulanmistir. Bu yontem ile
degiskenler standartlastirilarak modelin daha dengeli 6grenmesi saglanmistir.
2.5. Performans Olcitleri

Olusturulan modellerin performansini  degerlendirmek amaciyla ¢ farkli istatistiksel Olgiit
kullanilmigtir: determinasyon katsayisi (R?), ortalama mutlak hata (MAE) ve kok ortalama kare hata
(RMSE).
Determinasyon Katsayisi (R?)
Determinasyon katsayisi, modelin hedef degiskendeki varyansin ne kadarini agikladigini
gosteren bir performans Olciitiidiir. R* degeri 0 ile 1 arasinda degismekte olup, degerin 1’e
yaklagmasi modelin daha iyi bir uyum sagladigin1 gostermektedir (Aslan et al., 2026).
_ ;'n=1(yj - 371')2

;'n=1(y =y )?

R? = )

Ortalama Mutlak Hata (MAE)

Ortalama mutlak hata, model tarafindan yapilan tahminlerin gercek degerlere olan ortalama
mutlak uzakligimi ifade etmektedir. Diisik MAE degeri, modelin daha dogru tahminler
yaptigin1 gostermektedir (Aslan et al., 2026).

m
1 .
MAE =a2|y,-—y,-| @A)
j=1

Kok Ortalama Kare Hata (RMSE)

Kok ortalama kare hata, model hatalarinin karelerinin ortalamasinin karekokii alinarak
hesaplanmaktadir. RMSE, biiyiik hatalar1 daha fazla cezalandiran bir 6l¢ilit olup model
performansinin degerlendirilmesinde yaygin olarak kullanilmaktadir (Aslan et al., 2026).

m
1
RMSE = EZ(yj — 9;)? (4)
j=1

Bu olcutler birlikte degerlendirildiginde, modellerin hem dogruluk hem de hata performansi
kapsamli bir sekilde analiz edilebilmektedir (Aslan et al., 2026).

3. BULGULAR

Bu béliimde olusturulan dogrusal ve polynomial regresyon modellerinin performans sonuglari
degerlendirilmis ve elde edilen bulgular tablolar ve grafikler yardimiyla sunulmustur.

3.1. Model Performans Sonuglar1
Olusturulan polynomial regresyon modellerinin performanslari Tablo 3’te sunulmustur.
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Cizelge 3. Model Performans Sonuclari
Model Train R? | Test Rz | Train Test Train Test

MAE MAE RMSE | RMSE
Simple Polynomial Regression | 0,764 0,699 0,071 0,085 0,087 0,101
(Deg=3)
Multiple Polynomial Regression | 0,934 0,931 0,037 0,039 0,046 0,048
(Deg=3)

Tablo 3 incelendiginde, ¢ok degiskenli polynomial regresyon modelinin tim performans
dl¢iitlerinde basit modele kiyasla daha basarili oldugu goriilmektedir. Ozellikle test veri setinde
elde edilen R? = 0.93 degeri, modelin alan akimindaki degisimin biiyiik bir kismini
aciklayabildigini gostermektedir.

Ayrica egitim ve test sonuglarinin birbirine olduk¢a yakin olmasi, modelde asir1 6grenme
(overfitting) probleminin olusmadigini gostermektedir. Basit modelin ise daha diisiik R? ve
daha yiiksek hata degerlerine sahip oldugu goriilmektedir. Bu durum, sistemin dogrusal
olmayan yapisinin basit model tarafindan yeterince temsil edilemedigini ortaya koymaktadir.

3.2. Cross Validation Sonuglari
Modelin genelleme kabiliyetini degerlendirmek amaciyla 5 katli capraz dogrulama uygulanmis

ve sonuclar Tablo 4’te sunulmustur.

Cizelge 4. Capraz Dogrulama Sonuclari
Model CvV Rz|Sud Ccv Std Ccv Std

(ort) MAE RMSE
Simple Polynomial Regression | 0,740 0,029 0,075 0,005 0,091 0,005
(Deg=3)
Multiple Polynomial Regression | 0,930 0,008 0,038 0,001 0,047 0,001
(Deg=3)

Tablo 4 incelendiginde, ¢ok degiskenli polynomial modelin ortalama R? ~ 0.93 degeri ile
yiksek performans sergiledigi goriilmektedir. Ayrica standart sapma degerlerinin oldukca
diisiik olmas1, modelin farkli veri bélmelerinde tutarli sonuglar iirettigini gostermektedir.
Basit modelin ise daha diisiik ortalama R? degerine ve daha yiiksek varyansa sahip oldugu
goriilmektedir. Bu durum, basit modelin genelleme performansinin daha zayif oldugunu
gostermektedir.

Elde edilen capraz dogrulama sonuglari, ¢ok degiskenli polynomial regresyon modelinin
yalnizca egitim ve test verilerinde degil, farkli veri bolmelerinde de basarili performans
sergiledigini ve giivenilir bir model oldugunu ortaya koymaktadir.
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3.3. Model Tahmin Basarist

Multiple Linear Regression

® Veri Noktalan
1.9 4 = ideal Dogru (y=x)

1.8

L7~

Tahmin

1.2 + T T T T
1.2 1.3 1.4 15 1.6 17 1.8 1.9

Gergek

Gorsel 4. Gergek ve Tahmin Edilen Alan Akimi Degerleri

Sekil 4’te modeller tarafindan tahmin edilen alan akimi degerleri ile gercek degerler arasindaki
iliski gosterilmektedir. Grafikte yer alan ideal dogru (y = x), modelin milkemmel tahmin yaptig1
durumu temsil etmektedir.

Sekil incelendiginde, ¢ok degiskenli polynomial regresyon modeline ait veri noktalarinin ideal
dogruya oldukca yakin konumlandigi goriilmektedir. Bu durum, modelin gercek degerlere
yiiksek dogrulukla yakinsadigin1 ve basarili tahminler iirettigini gostermektedir.

Buna karsilik, basit modelde veri noktalarmin ideal dogrudan daha fazla sapma gosterdigi
dikkat cekmektedir. Bu durum, basit modelin tahmin performansinin daha diisiik oldugunu ve
sistemdeki karmasik iligkileri yeterince temsil edemedigini ortaya koymaktadir.

3.4. Residual Analizi
Multiple Linear Regression - Residual Scatter
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Gorsel 5. Residual Dagilim (Scatter Grafigi)
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Sekil 5°te model tahminlerine ait residual (hata) degerlerinin dagilimi verilmistir. Iyi bir
modelde hata degerlerinin sifir etrafinda rastgele dagilmasi beklenmektedir.

Grafik incelendiginde, ¢cok degiskenli polynomial modelde residual degerlerin sifir etrafinda
dengeli ve rastgele bir dagilim sergiledigi goriilmektedir. Bu durum, modelin sistematik hata
iiretmedigini ve giivenilir tahminler yaptigin1 gostermektedir.

Buna karsilik, basit modelde residual degerlerin belirli bolgelerde yogunlastigi ve daha genis
bir araliga yayildig1 gézlemlenmektedir. Bu durum, modelin bazi bolgelerde daha yiiksek hata
yaptigini ve performansinin sinirlt oldugunu géstermektedir.

Multiple Linear Regression - Residual Histogram

16 1 3 Residual Distribution
= = Zero Error Line
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Gorsel 6. Residual Histogram

Sekil 6’da residual degerlerin frekans dagilimi gosterilmektedir. Histogram incelendiginde,
cok degiskenli polynomial modelde hata degerlerinin sifir etrafinda yogunlastig1 ve daha dar
bir aralikta dagildig1 goriilmektedir.

Bu durum, modelin genel olarak dusiik hata ile ¢alistigini ve tahmin performansinin yiiksek
oldugunu gostermektedir. Buna karsin basit modelde hata dagiliminin daha genis oldugu ve
uc degerlerin daha fazla bulundugu gézlemlenmektedir.

4. TARTISMA

Bu calismada elde edilen sonuglar, senkron makinelerde alan akiminin (I f) tahmininde
polynomial regresyon modelinin basarili oldugunu gostermektedir. Gorsel analizler
incelendiginde, degiskenler arasindaki iliskinin tam olarak dogrusal olmadigi ve belirli bir
egrisel yap1 sergiledigi goriilmektedir. Bu durum, dogrusal modellere kiyasla polynomial
regresyon modelinin tercih edilmesini desteklemektedir.

Elde edilen bulgulara gore, ¢ok degiskenli polynomial modelin test veri setinde yaklasik R* =
0.93 degerine ulagsmasi, modelin yiliksek dogrulukla tahmin yapabildigini gdstermektedir.
Ayrica egitim ve test sonuclarmin birbirine yakin olmasi, modelin dengeli bir §grenme
gerceklestirdigini ve asir1 6grenme (overfitting) probleminin olugsmadigin1 gostermektedir.
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Capraz dogrulama sonuglarinin da benzer seviyelerde olmasi, modelin farkli veri bolmelerinde
tutarli sonuglar verdigini ortaya koymaktadir. Bu durum, modelin giivenilirligini destekleyen
onemli bir bulgudur.

Fiziksel acidan degerlendirildiginde, gii¢ faktorii (PF) ile alan akimi (I f) arasinda ters yonlii
bir iliskinin bulunmasi beklenen bir durumdur. Elde edilen model sonuglar1 da bu fiziksel
davranist dogrular niteliktedir.

Sonug olarak, polynomial regresyon modelinin bu veri seti icin uygun ve etkili bir yéntem
oldugu goriilmektedir. Ancak modelin farkli veri setleri Gzerinde test edilmesi, gelecekte
yapilacak ¢aligmalar acisindan 6nem tagimaktadir.

5. GENEL DEGERLENDIRME VE SONUC

Bu ¢alismada, senkron makinelerde alan akiminin (I f) tahmini amaciyla polynomial regresyon
modeli kullanilmistir. Elde edilen bulgular, degiskenler arasindaki iliskinin dogrusal olmadigini
ve bu nedenle polynomial regresyon yaklagiminin uygun bir yontem oldugunu géstermektedir.
Ugiincii dereceden (degree = 3) polynomial regresyon modeli ile yapilan analizler sonucunda,
modelin test veri setinde yaklasik R? ~ 0.93 degerine ulastigi goriilmiistiir. Bu sonug, modelin
alan akimin1 yiiksek dogrulukla tahmin edebildigini gostermektedir.

Ayrica egitim ve test performanslarmin birbirine yakin olmasi ve capraz dogrulama
sonuglarinin da benzer seviyelerde bulunmasi, modelin giivenilir ve dengeli bir yapiya sahip
oldugunu ortaya koymaktadir.

Sonug olarak, polynomial regresyon modelinin senkron makine alan akimi tahmininde etkili ve
uygulanabilir bir yontem oldugu belirlenmistir. Gelecek ¢aligmalarda, modelin farkli veri setleri
izerinde test edilmesi ve farkli makine Ogrenmesi yontemleri ile karsilastiriimasi
onerilmektedir.
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OZET

Giines fotovoltaik (PV) panellerinde toz birikmesi, gelen 1g1nim1 engelleyerek enerji Uretimini
azaltabilmekte ve bakim planlamasi giiglestirebilmektedir. Bu c¢alisma, PV panel
goriintiilerinin temiz veya tozlu olarak siiflandirilmasi i¢in ResNet-RS-50 tabanli bir transfer
ogrenme yaklagimi sunmaktadir. Calismada 502 temiz ve 340 tozlu 6rnek olmak Uizere toplam
842 goriintii iceren bir veri seti kullanilmistir. Tabakali 6rnekleme yontemiyle veri seti sirastyla
589, 126 ve 127 goriintii iceren egitim, dogrulama ve test alt kiimelerine ayrilmistir. Goriintiiler
256 x 256 piksel boyutuna yeniden Olceklendirilmis ve piksel degerleri [0, 1] araligina
doniistiriilmiistir. Modelin genelleme yetenegini artirmak amaciyla rastgele yatay cevirme
yalnizca egitim alt kiimesine uygulanmistir. ImageNet-1K iizerinde 6nceden egitilmis ResNet-
RS-50 modelinin 6zgiin siniflandirma katmani, iki sinifli bir ¢ikis katmaniyla degistirilmistir.
Ince ayar sirasinda son artik blok ve smiflandirict egitilirken onceki omurga katmanlari
dondurulmustur. Model; Adam eniyileyicisi, 1 x 10~* 6grenme orani, 32 mini-batch boyutu ve
0,1 etiket yumusatma igeren capraz entropi kaybi kullanilarak 15 epok boyunca egitilmistir.
Model, test alt kiimesinde %99,21 dogruluk, %99,02 dengeli dogruluk, 0,9921 agirhikl F1-
skoru, 0,9837 Matthews korelasyon katsayisi ve 1,0000 ROC-AUC degerine ulasmistir. Model,
76 temiz goriintiiniin tamami ile 51 tozlu goriintiiniin 50’si dahil olmak {izere 127 goriintliniin
126’sin1 dogru simiflandirmistir. Bu sonuglar, ince ayarli ResNet-RS-50 modelinin incelenen
veri setinde temiz ve tozlu PV panellerini yiiksek dogrulukla ayirt edebildigini gostermektedir.
Bununla birlikte, degerlendirme tek bir veri setine, tek bir veri bolinmesine ve tek bir
rastgelelik tohumu degerine dayanmaktadir. Gelecek calismalarda genellenebilirlik; tekrarlt
deneyler, harici dogrulama, farkli veri setleri ve saha kosullarinda gergeklestirilecek testler
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araciigryla degerlendirilmelidir. Onerilen yaklasim, otomatik PV panel izleme ve bakim
sistemlerini destekleyebilir.

Anahtar Kelimeler : Fotovoltaik paneller, toz tespiti, derin 6grenme, ResNet-RS-50, transfer
ogrenme, gorlintl siniflandirma.

1. GIRIS

Giines fotovoltaik (PV) enerjisi, 6lgeklenebilirligi ve azalan kurulum maliyetleri nedeniyle
stirdiiriilebilir elektrik iiretiminin giderek daha 6nemli bir bileseni haline gelmistir (Reinders et
al., 2017). Bununla birlikte, PV sistemlerinin performansi ¢evresel kosullardan 6nemli 6l¢iide
etkilenmekte olup toz birikmesi baslica enerji kayb1 kaynaklarindan biridir. Deneysel bulgular,
artan toz yogunlugunun PV modillerinin gii¢ c¢ikisini O6nemli Olglide azaltabildigini
gostermektedir (Jiang et al., 2011). Onceki arastirmalar ise kirlenme kaynakli kayiplarm iklim,
cevresel kosullara maruz kalma siiresi, panel egimi ve yilizey Ozelliklerine bagli olarak
degistigini ortaya koymaktadir (Mani & Pillai, 2010). Bu nedenle toz birikiminin guvenilir
bicimde tespit edilmesi, uygun temizlik ve bakim islemlerinin planlanmas1 agisindan 6nem
tasimaktadir.

PV panellerinin incelenmesi ve kirlenme diizeylerinin degerlendirilmesi; sensor tabanli izleme,
termal goriintiileme, Nesnelerin Interneti destekli kameralar ve dijital goriintii isleme
yontemleri kullanilarak gerceklestirilmektedir (Onim et al., 2023). Bu teknikler yararli bilgiler
saglayabilmekle birlikte, bazilar1 6zel algilama ekipmanlari, fiziksel kurulum veya elle
tasarlanmis goriintii 6zellikleri gerektirmektedir. Geleneksel bilgisayarli gorii yaklasimlari
ayrica aydinlatma, goriintiileme acis1, arka plan ve toz dagilimindaki degisimlere kars1 duyarh
olabilmektedir. Bu smrhliklar, derin 6grenmeye dayali veri odakli gdrsel inceleme
yontemlerinin gelistirilmesini tegvik etmistir.

Evrisimli sinir aglar1 (CNN’ler), hiyerarsik goriintii 6zelliklerini 6grenebilmekte ve gorsel
smiflandirma  gorevlerinde yiiksek performans gostermektedir. Ozellikle artik aglar
(ResNet’ler), eniyileme siirecini kolaylastirmak ve ¢ok daha derin mimarilerin etkili bigcimde
egitilmesini  saglamak amaciyla kisa yol baglantilarindan ve artik eslemelerden
yararlanmaktadir (He et al., 2016). ResNet-RS, gelistirilmis egitim ve Olgeklendirme
stratejilerini kiiglik mimari degisikliklerle birlestirerek siniflandirma dogrulugu ile hesaplama
verimliligi arasinda daha uygun bir denge kurmakta ve bu ag ailesini daha ileriye tasimaktadir
(Bello et al., 2021).

Derin 6grenme, PV panellerinin incelenmesi ve toz birikiminin degerlendirilmesi amaciyla
giderek daha fazla arastirilmaktadir. Onim et al. (2023), temiz ve tozlu giines panellerini
birbirinden ayirmak iizere 6zel olarak tasarlanan SolNet adli bir CNN mimarisi gelistirmis ve
bes katl ¢apraz dogrulama sonucunda ortalama %98,2 smiflandirma dogrulugu bildirmistir
(Onimetal., 2023). Fan et al. (2022), PV panellerindeki homojen olmayan toz birikiminin nicel
olarak belirlenmesi i¢in derin artik sinir agina (DRNN) dayali bir ¢ergceve dnermis ve bolgesel
toz yogunluklarini tahmin etmek amaciyla bu agdan yararlanmistir (Fan et al., 2022). Zyout ve
Qatawneh, PV panel ylizeylerini normal veya kusurlu olarak siniflandirmak i¢in 6nceden
egitilmis bir AlexNet modeliyle transfer 6grenme uygulamis, yaklasik %93,3 ile en yiiksek
dogrulama dogruluguna ulasmis ve CNN tabanli otomatik incelemenin potansiyelini
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gostermistir (Zyout & Qatawneh, 2020). Bu ¢alismalar, PV yiizey analizinde derin 6grenmenin
onemini dogrulamaktadir. Bununla birlikte, daha giincel ResNet-RS ailesinin ikili toz
siniflandirmasindaki uygulanabilirligi sinirh diizeyde incelenmistir. Ayrica model basariminin
hem genel dogrulugu hem de smifa 6zgli tahmin davramigimi dikkate alan oOlgiitlerle
degerlendirilmesi gerekmektedir.

Bu dogrultuda c¢alismada, glines PV paneli goriintilerinin temiz veya tozlu olarak
smiflandirilmas: amaciyla ImageNet iizerinde Onceden egitilmis bir ResNet-RS-50 modeli
incelenmistir. Deneyler; 502 temiz ve 340 tozlu 6rnek olmak tizere toplam 842 goriintii i¢eren,
halka acik bir veri seti lizerinde gerceklestirilmistir (Garladinne, n.d.). Model; dogruluk,
kesinlik, duyarlilik, F1-skoru, dengeli dogruluk, Matthews korelasyon katsayis1 (MCC) ve alici
isletim karakteristigi egrisi altinda kalan alan (ROC-AUC) kullanilarak degerlendirilmistir.
ROC-AUC, farkli smiflandirma esikleri boyunca modelin ayirt etme performansini
ozetlemektedir (Fawcett, 2006). MCC ise karisiklik (confusion) matrisinin dort bilesenini de
dikkate alarak dengeli bir degerlendirme sunmaktadir (Chicco & Jurman, 2020).

Bu caligmanin temel katkilar1 asagida siralanmstir:

o ImageNet lizerinde 6nceden egitilmis bir ResNet-RS-50 modeli, giines PV paneli
goriintlilerinde ikili toz siniflandirmasi i¢in uyarlanmis ve degerlendirilmistir.

o Tabakali egitim, dogrulama ve test alt kiimelerine dayanan, ayrintilar1 agiklanmis bir
transfer 6grenme siireci sunulmustur.

e Model performanst; karisiklik matrisi ve ROC analiziyle birlikte, birbirini tamamlayan
genel, sinif bazli ve esikten bagimsiz degerlendirme 6lgiitleri kullanilarak
incelenmistir.

e Goriintii tabanl toz siniflandirmasinin otomatik PV panel izleme ve bakim
sistemlerinin bir bileseni olarak kullanilma potansiyeli tartisiimistir.

Makalenin geri kalani su sekilde diizenlenmistir: Boliim 2’de veri seti ve 6n isleme siireci

aciklanmistir. Boliim 3°te ResNet-RS-50 modeli ve deneysel yapilandirma sunulmustur. Bolim
4’te deneysel sonucglar verilmis ve tartisilmistir. Son olarak Boliim 5°te temel bulgular,
siurliliklar ve gelecekteki aragtirma yonleri 6zetlenmistir.

2. MATERYAL VE YONTEM

2.1. Veri Setinin Tanimlanmasi
Bu c¢alismada kullanilan goriintli veri seti, halka a¢ik Kaggle veri deposunda yer alan “Solar
Photovoltaic Panel for Dust Detection” baslikl1 veri setinden elde edilmistir (Garladinne, n.d.).
Veri seti, temiz ve tozlu olmak {izere iki sinif altinda diizenlenmis toplam 842 RGB gorinti
icermektedir. Temiz simif1 502 goriintiiden (%59,62), tozlu sinifi ise 340 goriintiiden (%40,38)
olusmaktadir. Veri setinin sinif dagilimi Cizelge 1°de 6zetlenmistir.

Cizelge 1. Veri setinin simif dagilimm

Sinif Say1 Yuzde
Temiz 502 59,62%
Tozlu 340 40,38%
Toplam 842 100%
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Veri seti, temiz panel goriintiilerinin ¢ogunluk sinifin1 olusturdugu orta diizeyde bir sinif
dengesizligi gostermektedir. Genel veri artirma islemleri bu dengesizligi dogrudan ortadan
kaldirmamaktadir. Bu nedenle, egitim, dogrulama ve test alt kiimelerinde 6zgiin sinif oranlarini
korumak amaciyla tabakali ornekleme kullanilmistir. Bu smif dagilimi altinda model
performansinin daha kapsamli bicimde degerlendirilmesi icin genel dogrulugun yam sira
dengeli dogruluk, sinif bazl 6l¢iitler ve Matthews korelasyon katsayisi raporlanmistir.

Iki smifa ait temsili goriintiiler Gorsel 1°de gosterilmistir. Temiz drnekler genellikle gorsel
acidan homojen panel ylizeyleri sergilerken tozlu 6rneklerde goriiniir toz birikimi ve diger
ylizey kirlenmeleri bulunmaktadir. Veri seti yalnizca goriintii diizeyinde smif etiketleri
icerdiginden bu calisma, tozun gOriintii iizerindeki konumunun veya kapladigi alanin
belirlenmesi ve kirlenme diizeyinin tahmin edilmesi yerine ikili goriintii siniflandirmasina
odaklanmaktadir.

Etiket: temiz

Etiket: tozlu Etiket: tozlu

1000

1500

2000 1

2500

0

Gorsel 1. Temiz ve tozlu PV panel siniflarina ait temsili goriintiiler

Veri seti, yaklasik %70-%15-%15 oranlarinda tabakali b6lme uygulanarak egitim, dogrulama
ve test alt kiimelerine ayrilmistir. Elde edilen alt kiimeler 589 egitim, 126 dogrulama ve 127
test gorilintiisiinden olusmaktadir. Alt kiimelerin dagilimi Cizelge 2°’de sunulmustur. Test alt
kiimesi yalnizca nihai performans degerlendirmesi i¢in ayrilmis; model egitimi veya
hiperparametre ayarlamasi sirasinda kullanilmamastir.

Cizelge 2. Egitim, dogrulama ve test alt kiimelerinin dagilhim

Alt kime Say1 Yuzde
Egitim 589 69,95%
Dogrulama 126 14,96%
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Test 127 15,08%
Toplam 842 100%

2.2. On Isleme ve Veri Artirma
ResNet-RS-50 modeline girdi olarak verilmeden 6nce tim gorlntller 256 x 256 piksel
boyutuna yeniden 6lgeklendirilmis, li¢ kanalli tensorlere doniistiiriilmiis ve piksel degerleri [0,
1] araligina olgeklendirilmistir. Egitim sirasinda rastgele yatay c¢evirme, gorlinti ¢esitliligini
artirmak ve asir1 uyumu azaltmak amaciyla dinamik bir veri artirma teknigi olarak
uygulanmistir (Shorten & Khoshgoftaar, 2019). Dogrulama ve test goriintiilerine yalnizca
yeniden boyutlandirma, tensére dontistirme ve piksel degerlerini Olgeklendirme islemleri
uygulanmis; bu alt kiimelerde herhangi bir rastgele veri artirma islemi kullanilmamistir. Bu
ayrim, model performansinin veri artirma uygulanmamis dogrulama ve test 6rnekleri iizerinde
degerlendirilmesini saglamistir.

2.3. ResNet-RS-50 Model Yapilandirmasi

Bu ¢aligsmada, gilines PV paneli goriintiilerinin temiz veya tozlu olarak siniflandirilmasi
amactyla ResNet-RS-50 modeli kullanilmistir.  ResNet-RS; gelistirilmis egitim ve
Olceklendirme stratejilerini ResNet-D degisiklikleri ve Squeeze-and-Excitation (SE)
modiilleriyle biitiinlestirerek geleneksel artik ag mimarisini gelistirmektedir (Bello et al., 2021).
Bu iyilestirmeler, modeli transfer 6grenmeye dayali goriintii siniflandirmasi i¢in uygun bir
omurga héline getirmektedir.

ResNet-RS-50 modeli, ImageNet-1K veri seti iizerinde 6nceden egitilmis agirliklarla
baslatilmistir (Deng et al., 2009). Modelin 6zgiin siniflandirma katman, iki hedef sinifa karsilik
gelen yeni bir ¢ikis katmaniyla degistirilmistir. Ince ayar sirasinda yalmizca son artik blok ile
yeni siniflandirma katmani egitilmis; daha once 6grenilmis 6zellik gdsterimlerini korumak
amaciyla onceki omurga katmanlar1 dondurulmustur. Model ve egitim yapilandirmasi Cizelge
3’te 0zetlenmistir.

Cizelge 3. ResNet-RS-50 model ve egitim yapilandirmasi

Parametre Yapilandirma

Model ResNet-RS-50 (tf_in1k)
Onceden egitilmis agirliklar ImageNet-1K

Girdi boyutu 256 x 256 x 3

Ince ayar uygulanan bilesenler Son artik blok ve siniflandirici
Cikt1 smifi sayisi 2

Optimizasyon algoritmasi Adam

Baslangi¢ 6grenme orant (1 x10%)

Kay1p fonksiyonu CrossEntropyLoss
Etiket yumugatma 0,1

Epok sayisi 15
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Mini-batch boyutu 32

Rastgelelik tohumu (random seed) 2024

Veri ylikleme siireci sayist 4

Hesaplama donanimi CUDA destekli GPU

2.4. Egitim Siireci

Model; Adam optimizasyon algoritmasi (Kingma & Ba, 2015), 1 x 10 baslangi¢
O0grenme orani ve 32 mini-batch boyutu kullanilarak 15 epok boyunca egitilmistir. Tahminlerde
asir1 giiveni azaltmak ve egitim sirasinda diizenlilestirme saglamak amaciyla etiket yumusatma
(e = 0,1) igceren capraz entropi kayip fonksiyonu kullamilmistir (Szegedy et al., 2016).
Yakinsamay1 ve olasi asirt uyumu izlemek amaciyla egitim ve dogrulama kayip ve dogruluk
degerleri her epokta kaydedilmistir.

Tum deneyler CUDA destekli bir GPU uzerinde gergeklestirilmistir. Veri bolme ve
model egitimi islemlerinin tekrarlanabilirligini artirmak amaciyla 2024 degerinde sabit bir
rastgelelik tohumu kullanilmistir. Dogrulama alt kiimesi, egitim sirasinda model performansini
izlemek i¢in kullanilirken egitimden ayr1 tutulan test alt kiimesi yalnizca nihai degerlendirmede
kullanilmustir.

Genel deneysel is akis1 Gorsel 2°de gosterilmistir. Veri setinin tamami 6ncelikle tabakali
ornekleme kullanilarak egitim, dogrulama ve test alt kiimelerine ayrilmigtir. Daha sonra her alt
kiimeye 6zgii 6n isleme uygulanmistir. Rastgele yatay ¢evirme yalnizca egitim alt kiimesinde
kullanilirken dogrulama ve test alt kiimelerine rastgelelik igermeyen 6n isleme uygulanmistir.
Ardindan 6nceden egitilmis ResNet-RS-50 modeline egitim alt kiimesi kullanilarak ince ayar
uygulanmis ve modelin yakinsamasi dogrulama alt kiimesi araciliiyla izlenmistir. Son olarak
egitilen model, egitimden ayr1 tutulan test alt kiimesi lizerinde degerlendirilmistir.

N N -
Veri Seti Taba?sall Veri Alt Kun]eye Ozgl
Bélme On Isleme
A / — 4 .

Gorsel 2. ResNet-RS-50 egitim ve degerlendirme is akisi

' N '

ResNet-RS-50 Egitim ve Ayri Tutulan Test

Modelinin ince Dogrulama Kumesi Uzerinde
Ayari Sirecinin izlenmesi Degerlendirme

o ) A\ S b vy

Is akis1 veri setiyle baslamakta ve bunu 6n isleme adimlari olan yeniden boyutlandirma,
normalizasyon ve veri artirma izlemektedir. Veriler daha sonra egitim, dogrulama ve test alt
kiimelerine ayrilmaktadir. ResNet-RS modeli, 0zellik ¢ikarimi ve siniflandirma amaciyla
kullanilmaktadir. Egitim siirecinde dogruluk ve kayip degerleri izlenmekte; son asamada ise
karisiklik matrisi, ROC/PR egrileri ve diger degerlendirme olgiitleri kullanilarak model
performansi degerlendirilmektedir.

2.5. Degerlendirme Olgiitleri

Model performansi; dogruluk, kesinlik, duyarlilik, F1-skoru, dengeli dogruluk, ROC-
AUC (Fawcett, 2006) ve MCC (Chicco & Jurman, 2020) olgiitleri kullanilarak
degerlendirilmistir. ikili siniflandirma performansinin degerlendirilmesinde tozlu siif pozitif
siif olarak kabul edilmistir.

Kesinlik, duyarlilik ve F1-skoru her sinif i¢in ayr1 ayr1 hesaplanmistir. Makro ortalama
degerlerinde her iki sinifa esit onem verilirken agirlikli ortalamalarda her siniftaki 6rnek sayisi
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dikkate alinmistir. Dengeli dogruluk, sinifa 6zgii duyarlilik degerlerinin ortalamasi olarak
hesaplanmis ve sinif dengesizliginin bulundugu durumda daha bilgilendirici bir degerlendirme
saglamigtir. MCC, karisiklik matrisinin dort bileseninin tamamini1 dikkate alarak ikili
siniflandirma performansinin dengeli bir 6l¢iimiinii sunmaktadir. ROC-AUC, tahmin edilen
siif olasiliklar1 kullanilarak hesaplanmis ve temiz ile tozlu siniflar arasindaki esikten bagimsiz
ayirt etme performansini gostermistir. Siniflandirma hatalarinin tiirlerini ve dagilimini agikliga
kavusturmak amaciyla karisiklik matrisi ve siif bazli sonuglar da raporlanmustir.

3. BULGULAR VE TARTISMA

Ince ayar uygulanmis ResNet-RS-50 modeli; 76 temiz ve 51 tozlu drnek olmak Gizere toplam
127 goriintii iceren, ayri tutulan test alt kiimesi tizerinde degerlendirilmistir. Model
performansi genel, sinif bazli ve esikten bagimsiz degerlendirme o6lgiitleri kullanilarak
incelenmistir. Ayrintili test sonuglar1 Cizelge 4’te sunulmustur.

Cizelge 4. ResNet-RS-50 modelinin test alt kiimesindeki genel performansi

Olgut Deger Olgut Deger
Dogruluk 0,9921 Dengeli dogruluk 0,9902
MCC 0,9837 ROC-AUC 1,0000
Agirlikli kesinlik 0,9922 Makro kesinlik 0,9935
Agirlikli duyarlilik 0,9921 Makro duyarlilik 0,9902
Agirlikli F1-skoru 0,9921 Makro F1-skoru 0,9918

Model, 127 test goriintiisiiniin 126’sm1 dogru smniflandirarak %99,21 dogruluk degerine
ulagmustir. %99,02 dengeli dogruluk ve 0,9837 MCC degerleri, yiiksek genel dogruluga her iki
smuftaki giiclii siniflandirma performansinin eslik ettigini gostermektedir. Ayrica makro ve
agirlikli ortalama sonuclarin birbirine yakin olmasi, orta diizeydeki sinif dengesizliginin
raporlanan genel performans1 6nemli dl¢iide etkilemedigine isaret etmektedir.
3.1. Sinif Bazli Performans

Cizelge 5’te smif bazli kesinlik, duyarlilik ve F1-skoru degerleri sunulmustur. Sonuglar iki
ondalik basamaga yuvarlandiginda goriinmeyen performans farkliliklarinm1 gosterebilmek
amaciyla degerler dort ondalik basamakla raporlanmistir.

Cizelge 5. ResNet-RS-50 modelinin sinif bazh performansi

Simf Kesinlik Duyarlilik F1-skoru Ornek sayisi
Temiz 0,9870 1,0000 0,9935 76

Tozlu 1,0000 0,9804 0,9901 51

Makro ortalama 0,9935 0,9902 0,9918 127
Agirliklr ortalama | 0,9922 0,9921 0,9921 127
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Model, 76 temiz panel goriintiisiiniin tamamini1 dogru siniflandirarak temiz sinifi i¢in 1,0000
duyarlilik degerine ulagsmistir. Tozlu panellere ait 51 goriintiintin 50°si dogru siniflandirilmas,
bir goriintli ise yanlislikla temiz olarak tahmin edilmistir. Bunun sonucunda tozlu sinifin
duyarlilik degeri 0,9804 olarak hesaplanmistir. Higbir temiz goriintli yanlislikla tozlu olarak
siiflandirilmadigindan tozlu smifin kesinlik degeri 1,0000 olmustur. Bu bulgular, modelin
secilen test alt kiimesinde her iki sinif i¢in de yiiksek ve karsilastirmali olarak dengeli bir
performans sergiledigini gostermektedir.

3.2. Egitim ve Dogrulama Davranisi
On bes epok boyunca kaydedilen egitim ve dogrulama kayip ve dogruluk degerleri Gorsel 3°te
gosterilmistir. Her iki kayip egrisi de ilk epoklarda hizli bicimde azalmis ve ardindan gorece
diistiik degerlerde kararlt hale gelmistir. Benzer sekilde, egitim ve dogrulama dogruluklar: ilk
epoklarda hizli bir artig gostermis ve dogrulama dogrulugundaki kiigiik dalgalanmalar disinda
yiksek diizeylerini korumustur.
Egitim ve dogrulama egrileri arasinda siirekli bir ayrisma gdézlenmemesi, secilen veri
boliinmesinde kararli bir yakinsama saglandigina isaret etmektedir. Bununla birlikte, yalnizca
bu egriler farkli veri setlerinden, panel teknolojilerinden veya cevresel kosullardan elde edilen
goriintililere yonelik genellenebilirligi kanitlamak icin yeterli degildir.

Kayip (Dusiik Deger Daha lyidir) Dogruluk (Yiksek Deder Daha lyidir)

—&— Egitim Kaybi 1,00 4
—&- Dogrulama Kaybi

0,92 1

030
0,90 1

0.88 1

0,86 4 =& Egitim Dogrulugu
=@~ Dogrulama Dodrulugu

o] 2 4 [ 8 10 12 14 o 2 4 6 8 10 12 14
Epok Epok

Gorsel 3. On bes epok boyunca egitim ve dogrulama kayip ve dogruluk degerleri

3.3. Karisiklik Matrisi Analizi

Gorsel 4°te test tahminlerinden elde edilen karisiklik matrisi sunulmustur. Model, 76 temiz
gorlintiinlin tamamini ve 51 tozlu goriintiiniin 50’°sini dogru smiflandirmistir. Gergeklesen tek
hata, tozlu bir panelin temiz olarak tahmin edilmesidir. Tozlu sinifin pozitif sinif olarak kabul
edildigi durumda bu hata bir yanlis negatif tahmine karsilik gelmektedir. Herhangi bir yanlis
pozitif tahmin gozlenmemistir.

Yalnizca bir 6rnek yanlis siniflandirilmis olmasima ragmen bu hata operasyonel agidan
onemlidir; ¢unku tozlu bir panelin tespit edilememesi gerekli temizlik isleminin gecikmesine
neden olabilir. Bu nedenle modelin olas1 bakim uygulamalar1 agisindan degerlendirilmesinde
genel dogrulukla birlikte tozlu siifin duyarlilik degeri de dikkate alinmalidir.
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Karisiklik Matrisi
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temiz
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temiz tozlu

Tahmin Edilen Etiket

Gorsel 4. ResNet-RS-50 modelinin test alt kiimesindeki karisiklik matrisi

3.4. ROC Analizi
Temiz ve tozlu smiflara ait ROC egrileri Gorsel 5°te gosterilmistir. Model; her iki sinifin yani

sira mikro ve makro ortalamali egriler i¢in de 1,0000 ROC-AUC degerine ulasmistir. Bu sonug,
secilen test alt kiimesinde tahmin skorlarma gore iki sinifin kusursuz bi¢cimde siralandigini
goOstermektedir.

1,0000 ROC-AUC degeri, karigiklik matrisinde gosterilen tek siniflandirma hatasiyla
celismemektedir. Karisiklik matrisi belirli bir karar esiginde elde edilen tahminleri gosterirken

ROC-AUC, tahmin skorlarinin tiim olast karar esiklerindeki ayirt ediciligini
degerlendirmektedir.
ROC Egrileri
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Gorsel 5. ResNet-RS-50 modelinin test alt kiimesindeki ROC egrileri
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3.5. Tartisma ve Sinirliliklar
Elde edilen sonuglar, ince ayar uygulanmig ResNet-RS-50 modelinin incelenen veri setindeki
temiz ve tozlu PV panel goriintiilerini etkili bicimde ayirt edebildigini gdstermektedir. Yiiksek
MCC, dengeli dogruluk ve sinif bazli F1-skorlari, genel dogruluk sonucunu desteklemekte ve
model performansinin yalnizca gogunluk sinifiyla sinirli olmadigini ortaya koymaktadir.
Bununla birlikte, bulgular deneysel tasarimin kapsami c¢ergevesinde yorumlanmalidir.
Degerlendirme; halka agik tek bir veri setine, bir tabakali egitim—dogrulama—test bélinmesine
ve tek bir rastgelelik tohumuna dayanmaktadir. Tekrarli deneyler, giiven araliklari, ¢apraz
dogrulama ve harici veri setlerinde degerlendirme gerceklestirilmemistir. Bu nedenle mevcut
sonuglar, modelin diger mimarilere gore istatistiksel iistiinliiglinii veya farkli PV teknolojileri
ile saha kosullarina genellenebilirligini kanitlamamaktadir.
Ayrica ¢alismalarda farkli veri setleri, veri boliimleri, 6n isleme siiregleri ve degerlendirme
protokolleri kullanildigindan daha oOnce yayimlanmis dogruluk degerleriyle dogrudan
karsilagtirma yapmak tam anlamiyla giivenilir olmayacaktir. Gelecek calismalarda ResNet-RS-
50; geleneksel ResNet, EfficientNet ve hafif CNN mimarileriyle ayni deneysel protokol altinda
karsilastirilmalidir. Tekrarli tabakali deneyler, harici dogrulama, ¢ikarim siiresi ol¢iimleri,
model karmasikligi analizi ve farkli gevresel kosullarda elde edilen goriintiiler iizerinde
yapilacak degerlendirmeler; modelin saglamlig1 ve ger¢ek uygulamalarda kullanima uygunlugu
hakkinda daha kapsamli bir degerlendirme saglayacaktir.

4. SONUCLAR

Bu calismada, temiz ve tozlu giines fotovoltaik panel goriintiilerinin ikili siniflandirilmasi
amaciyla ImageNet ilizerinde dnceden egitilmis bir ResNet-RS-50 modeli degerlendirilmistir.
Ince ayar uygulanmis model, 127 goriintii igeren ayr1 tutulmus test alt kiimesinde %99,21
dogruluk, %99,02 dengeli dogruluk, 0,9921 agirlikli F1-skoru, 0,9837 MCC ve 1,0000 ROC-
AUC degerine ulasmistir. Model, 76 temiz panel goriintlisiiniin tamamin ve 51 tozlu panel
goriintiistiniin 50°sini dogru siniflandirmistir. Bu sonuglar, modelin incelenen veri setinde giiclii
bir siniflandirma performansi sergiledigini gostermektedir.

Bulgular, ResNet-RS-50’nin goriintli tabanli PV panel yiizey durumu degerlendirmesi igin
umut verici bir mimari oldugunu ortaya koymaktadir. Bu tiir bir siniflandirici, otomatik izleme
ve bakim destek sistemlerinin bir bileseni olarak kullanilabilir. Bununla birlikte; enerji iiretimi,
bakim maliyeti, temizlik verimliligi, hizmet 6mrii ve saha giivenilirligindeki iyilesmeler bu
calismada dogrudan degerlendirilmemistir. Bu nedenle yaklasimin uygulamaya yonelik
yararlari, saha deneyleriyle ortaya konulmalidir.

Calismanin ¢esitli smirliliklart bulunmaktadir. Deneyler, yalnizca temiz ve tozlu panel
goruntdlerini iceren gorece kuglk ve halka agik bir veri seti kullanilarak gergeklestirilmistir.
Degerlendirme; tekrarli deneyler, giiven araliklari, ¢apraz dogrulama, harici dogrulama veya
alternatif mimarilerle aym1 protokol altinda dogrudan karsilastirma yapilmaksizin tek bir
tabakali veri boliinmesine ve bir rastgelelik tohumuna dayandirilmistir. Ayrica parametre
sayisi, cikarim stiresi, bellek tiiketimi ve enerji kullanimi gibi hesaplama gdstergeleri
Olclilmemistir.
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Gelecek caligmalarda model; farkli PV teknolojilerini, ¢evresel kosullari ve yiizey anomalilerini
kapsayan daha biiyiikk ve cesitli veri setleri lizerinde degerlendirilmelidir. Tekrarli tabakali
deneyler, harici veri seti dogrulamasi ve geleneksel ResNet, EfficientNet, MobileNet ve diger
hafif mimarilerle yapilacak karsilastirmalar, modelin genellenebilirligine iliskin daha giicli
kanitlar saglayacaktir. Hesaplama gereksinimlerinin dlgiilmesi ve modelin ug¢ cihazlarda test
edilmesi, gercek zamanl PV izleme uygulamalarina uygunlugunun belirlenmesine de katkida
bulunacaktir. Genel olarak bu calisma, ince ayar uygulanmis ResNet-RS-50 modellerinin
gorintii tabanl toz siniflandirmasini yiiksek dogrulukla destekleyebilecegine iliskin baslangi¢
diizeyinde kanit sunmakta ve ger¢ek uygulamaya gecis dncesinde gerekli dogrulama adimlarini
ortaya koymaktadir.
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OZET

Implant malzemesi olarak kullamlabilen Mg alasimlari, kemik dokusuna benzer mekanik
ozelliklere ve yogunluga sahiptir. Ancak en 6nemli dezavantaj1 hizli korozyona ugramasi ve bu
stirecte mekanik dayanimini1 da asamali olarak yitirmesidir. Hall-Petch bagintisina gore tane
boyutunun azalmasiyla birlikte tane sinirlarinin dislokasyon hareketine karst olusturdugu
engelleme artmakta ve bunun sonucunda malzemenin plastik deformasyona karsi direnci
yiikselmektedir. Dolayisi ile akma dayanimlarida artmaktadir. Ortalama tane boyutu bilinen
alasimlarin deneysel c¢ekme testi sonuclarit kullanilarak regresyon analizi ile akma
dayanimlarinin tahmin edilebilecegi dngiiriilmektedir. Bu ¢caligmada iki farkli oranda kalay (Sn)
iceren ZT10 ve ZT11 alasimlar1 dokiim yontemiyle {iretilmistir. Ardindan sicak haddeleme ile
plakalarin kalinliklar1 5 mm’den 3,28 mm’ye diisiiriilmiistiir. Sonrasinda DIN EN ISO 6892-1
standardina gore ¢cekme deneyleri yapilmis ve taramali elektron mikroskobu (SEM) ile yiizey
analizi yapilmistir. Farkli mikroyap:t goriintiileri iizerinden ortalama tane boyutlar
hesaplanmistir. Ortalama tane boyutlarindan ise Hall-Petch bagintis1 kullanilarak tane
boyutunun akma dayanimina etkisi belirlenmistir. Olgiilen ve Hall-Petch bagmtisiyla bulunan
akma degerlerinin benzerligi tane boyutunun ve dolayisiyla tane smir yogunlugunun etkin
oldugunu géstermistir. Ornegin yiiksek Sn oranima sahip ZT10 alagimi, ZT11 alasimina kiyasla
daha ince taneli ve daha yiiksek tane sinir yogunluguna sahip oldugu i¢in dislokasyon
hareketlerini daha fazla engelledigi i¢in daha yiiksek akma dayanimi gosterdigi belirlenmistir.
Bu calisma KBUBAP-25-YL-031 proje numarast ile desteklenmistir.

Anahtar Kelimeler : Biyobozunur, Magnezyum alasimlari, Hall-Petch,Akma dayanimi1

1. GIRIS

Ortopedik implant uygulamalarinda kullanilabilecek biyomalzemelerin  gelistirilmesi,
giiniimiizde biyomedikal miihendisligi ve modern tibbin 6nemli ¢alisma konularindan biri

haline gelmistir. Gegmisten giiniimiize paslanmaz celik, titanyum ve Co-Cr esasl alagimlar;
sahip olduklar1 yiiksek dayanim, uygun islenebilirlik ve biyouyumluluk 6zellikleri sayesinde
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implant iiretiminde yaygin olarak kullanilmigtir. Ancak bu malzemelerin yiiksek elastik modiile
sahip olmasi, korozyon sonucunda agiga ¢ikabilen tiriinlerin biyolojik agidan olumsuz etkileri,
alerjik reaksiyon olusturma ihtimali ve viicut i¢erisinde uzun siire kalmalar ¢esitli dezavantajlar
meydana getirmektedir. Ozellikle implantin gdrevini tamamlamasmin ardindan viicutta
kalmaya devam etmesi, bazi klinik durumlarda implantin cerrahi miidahale ile ¢ikarilmasini
gerekli hale getirebilmektedir. ikinci bir cerrahi islemin uygulanmasi ise enfeksiyon ve agri
riskinin yani sira tedavi siiresinin ve saglik maliyetlerinin artmasina neden olabilmektedir [1,2].

Biyomedikal miihendisligi ve ortopedik implant teknolojileri alaninda, cerrahi operasyon
sonrasinda ikinci bir miidahaleye (implantin ¢ikarilmasi operasyonuna) olan ihtiyact ortadan
kaldirmast nedeniyle biyobozunur malzemelere olan ilgi son yillarda biiylik bir ivme
kazanmistir. Biyobozunur Mg alagimlari, ortopedik uygulamalarda kullanimi agisindan dikkat
ceken ve lizerinde genis arastirmalar yapilan biyomalzemelerdir. Mg alasimlari, implant
malzemesi olarak degerlendirildiginde kemik dokusuna yakin yogunluk ve mekanik 6zellikler
sergilemeleri nedeniyle 6nemli bir potansiyel tasimaktadir. Bununla birlikte, bu alagimlarin en
onemli sinirlamalarindan biri viicut ortaminda yiliksek korozyon hizina sahip olmalaridir.
Korozyon siirecinin ilerlemesiyle birlikte malzemenin tasima kapasitesi ve mekanik dayanimi
zaman igerisinde kademeli olarak azalabilmektedir. [3,4].

Taramal1 elektron mikroskobu (SEM) ile yapilan yiizey analizleri sonucu Mg alasimlarinin
ortalama tane boyutu hesaplanabilmektedir. Hall-Petch bagintisina gore sertlik ve akma
dayanimi tane boyutuyla alakalidir. Hall-Petch bagintisi, tane boyutu ile akma dayanimi
arasindaki iligkiyi agiklamak i¢in kullanilan temel bir bagitidir. Bu bagintiya gore tane boyutu
kiiciildiikge, tane sinirlarinin yogunlugu artar ve dislokasyon hareketi daha fazla engellenir.
Dolayisi ile akma dayanimida artmaktadir [5-9]. Ortalama tane boyutu ve deneysel akma
dayanimi bilinen bir alasiminin Hall-Petch bagintis1 kullanilarak y=ax+b regresyon analizi ile
akma dayanimi tahmini yapilabildigi 6ngériilmektedir. Bu ¢alismayr KBUBAP-25-YL-
03 1proje numarasi ile destekleyen BAP koordinatorliigiine tesekkiir ederiz.

2. DENEYSEL CALISMALAR

2.1. Alagimlarin Tasarimi

%99.9 Saflikta Mg kiilcelerine ¢inko, kalsiyum ve manganez oranlar1 sabit tutulup farkl kalay
oranlar1 eklenmistir. Eklenen elementlerin agirlik¢a yiizde oranlar ¢izelge 1°de gosterilmistir.

Cizelge 1. Tasarlanan Mg bazh alasimlar (%)

Kod Zn Ca Mn Sn
ZT10 0,9 0,4 0,3 0,6
ZT11 0,9 0,4 0,3 1,2
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2.2. Alagimlarin Uretimi

Alagimlarin tiretimi i¢in dokiim yontemi kullanistir. Kullanilan dokiim firin1 potanin bulundugu
ergitme boliimii ve kalibin bulundugu kalip boliimii olmak tizere iki ana kisimdan olugmaktadir.
Gorsel 1’de dokiim firii gosterilmistir.

Gorsel 1. Firinin i¢ boliimleri a) ergitme boliimii b) kalip bolimii

Tasarladigimiz alasimlarin sarf malzemeleri hassas terazide tartilip potaya yerlestirilmistir.
Kalip dokiim yollugunu tam ortalayacak sekilde yerlestirilmistir. Ergitme boliimiiniin ve kalip
boliimiiniin kapaklari kapatildiktan sonra ergitme boliimii 800 °C’ye kalip boliimii ise 400 °C’ye
ayarlandi. Ergitme islemi sirasinda argon gazi kullanilarak koruyucu bir atmosfer
olusturulmustur.

Firin sicakligi 800 °C’ye ulastiktan sonra bu sicaklikta yaklasik 30 dakika siireyle beklenmistir.
Kalip 1sitma {initesi 400 °C’ye kadar 1sitilarak sivi metalin kalip boslugunu tam doldurmasi
saglanmistir. Dokiim isleminden yaklasik 10 dakika once, kalip bolgesine hacimce 90,8
oraninda SF6 + CO2 gaz karisimi verilerek dokiim ortaminda da koruyucu atmosfer
saglanmistir.Kullanilan firin,sicaklik tinitesi ve gazlar Gorsel 2°de gosterilmistir.

Gorsel 2. Firinin genel goriinimii
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Kaliptan ¢ikarilan alasimin goriintiisii ise Gorsel 3’te gosterilmistir. ki alasimda kaliptan
cikarildiktan dikdortgen seklindeki pargalar halinde 5 mm kalinliginda plakalar olarak tel
erozyon yontemiyle kesilmistir.

Gorsel 3. Kaliptaki dokiim parganin goriintiisii
2.3. Sicak Haddeleme

Iki alasimda kaliptan ¢ikarildiktan sonra dikdortgen seklindeki pargalar 5 mm kalinligindaki
plakalar halinde tel erozyon yontemiyle kesildi. Haddeleme 6ncesi iki alasimin yiizeyler
zimparalanmistir. Haddeleme icin numuneler firinda 400 °C’de yarim saat bekletilmistir.
Haddeleme Sekermak marka 200 mm merdane ¢apina sahip ¢ift merdaneli haddeleme cihazinda 20
dev/dk hizla yapilmistir. Merdane devri 6,50 d/dk olarak ayarlanmigtir. Her pasoda %210 olmak
iizere toplamda %35 olmak iizere alasim plakalarin kalinliklart 5 mm’den 3,28 mm’ye
diistrilmiistir.

2.4. Cekme Testi

Numuneler Zwick/Roell Z600 Universal cihazinda DIN EN ISO 6892-1 standardina gore
(Gorsel 4) tel erezyonla kesilmis ve cekme deneyleri yapilmistir.

Tim o6lgiiler mm cinsindendir.

17.50 =
R12.5<(1
\ :—_i

e
10.00 20.00
L 50.00 —= B
to———— 105.00 —=

Gorsel 4. Cekme testi numune 6lcileri
2.5. SEM analizi

Taramal1 elektron mikroskobu (SEM) ile yilizey analizi yapilmistir. Farkli mikroyapi
gortintiileri lizerinden ortalama tane boyutlar1 hesaplanmistir. Taramal1 Elektron Mikroskop
goruntt analizleri i¢in JEOL 6060LV marka enerji dagiimli element analizi (EDS) aparatina
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sahip Carl Zeiss Ultra Plus, FESEM olarak adlandirilan alan emisyonlu tarama elektron
mikroskobu kullanilmuistir.

2.6. Hall-Petch Bagintisi

Hall-Petch bagintis1 (1) numarali denklemde gosterilmistir. Cekme deneyi sonucunda elde
edilen % 0,2 akma dayanimi (oy) ile d"'/2 dagilim grafigi olusturulmustur. Regresyon analizi
ile dagilimi temsil eden y = Ax + B bagmtisi hesaplanmistir. Hall-Petch bagmtisiyla
karsilastirilarak (o, = co + kd™'/2) A sabiti (k) ve B sabitinin, latis strtinme gerilmesi (co)
belirlenmistir. Daha sonra ortalama tane boyutunu bildigimiz alasimlarin akma dayanimi
tahminleri yapilmistir.

6, = 6o+ kd /2 (1)

oy: Akma dayanimi

co: Latis siirtiinme gerilmesi
k: Hall-Petch sabiti

d: Ortalama tane boyutu

3.SONUCLAR VE DEGERLENDIRME

3.1. Elementel Analiz

Iki alastminda XRF analizleri belirlenmis olup, hedef degerler ve sonuglari agirlik¢a yiizdeleri
(ag. %) Cizelge 2°de gosterilmistir.

Cizelge 2. XRF analizi hedeflenen ve elde edilen sonuclar.
Kod Mg(hedef)  Zn(hedef)  Ca(hedef) @ Mn(hedef)  Sn(hedef)

ZT10 97.8 0,9 0,4 0,3 0,6
ZT11 97.2 0,9 0,4 0,3 1,2
Mg(sonug)  Zn(sonug)  Ca(sonug¢)  Mn(sonug)  Sn(sonug)
ZT10 97,8785 0,8384 0,3878 0,2741 0,6212
ZT11 97,2031 0,8993 0,3957 0,2796 1,2223

3.2. Cekme Testi

Ortam sicakliginda gerceklestirilen cekme testi sonrasinda ise akma dayanimlar1 ZT10 i¢in 167
MPa ve ZT11 igin 160 MPa olarak Olglilmistiir. Gerilim-Gerinim grafigi Gorsel 5°te
gosterilmistir.

117



FAR EAST ASIA 7th INTERNATIONAL CONFERENCE ON APPLIED SCIENCES
Aug 20 - 26, 2026 — Tokyo
ISBN NR. : 978-625-8795-39-4

ZT10 ve ZT11 Gerilim-Gerinim Egrileri

— ZT10

Tl —

200 4

150

Genlim [MPa)

100

50

o 1 2 3 4
Gerinim (%)

Gorsel 5. ZT10 ve ZT11 igin ¢ekme testi grafigi

3.3. Ortalama Tane Boyutu

Alagimlarin ortalama tane boyutlar1 ZT10 ve ZT11 i¢in sirastyla 25,92 um ve 27,88 um olarak
belirlenmistir.

3.4. Hall-Petch Bagintisi

Hall-Petch bagintisiyla karsilastirilarak (o, = oo + kd'/2) A sabitinin (k) 997,7 MPa-um?t/2 ve B
sabitinin, latis siirtiinme gerilmesinin (co), —28,642 oldugu belirlenmistir. Hall-Petch
bagintisina gore hesaplanan akma dayanimlar1 ZT10 i¢in 167,3248 MPa ve ZT11 alasimi i¢in
160,3109 olarak bulunmustur. Cizilen regresyon grafigi Gorsel 6’da gosterilmistir.

. y=997,7x-28,642 @
16 R*=1

166
165

164

0,188 0,15 0,191 0,192 0,193 0,154 0,195 0,196 0,197

Gorsel 6. Regresyon grafigi
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4. GENEL DEGERLENDIRME VE SONUCLAR

Hall-Petch hesaplamalari deneysel sonuglarla olduk¢a yakin sonuglar vermistir dolayisiyla tane
siir yogunlugunun etkin oldugunu gostermistir. Ortalama tane boyutu bilinen bir alagimin

Hall-Petch bagintisi ile akma dayanimi tahmini yapilabildigi goriilmiistiir. ZT10 alasimi, ZT11
alasimina kiyasla daha ince taneli ve daha yiiksek tane sinir yogunluguna sahip oldugu icin
dislokasyon hareketlerini daha fazla engelledigi i¢in daha yiliksek akma dayanimi gosterdigi
belirlenmistir.
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ABSTRACT

Urban parking shortages and inefficient space allocation can intensify traffic circulation,
increase search time, and weaken access to compact city centers. This study evaluates parking-
use patterns, user preferences, parking-search difficulties, perceived parking adequacy, and
satisfaction with municipal parking services in Rize city center. A survey-based, cross-
sectional, and descriptive design was used. Survey responses obtained through consecutive
administration periods were harmonized and evaluated as an overall dataset; the analytical
sample included up to 556 respondents, depending on the item. The results show that 375 of
551 respondents (68.1%) owned a private vehicle. Moderate private-vehicle use was the most
common category, whereas 290 of 551 respondents (52.6%) reported using existing parking
facilities rarely or very rarely. Parking demand was concentrated between 12:01 and 17:00, and
covered or indoor parking was the leading facility preference. Finding a parking space was
difficult for 475 respondents (85.4%), 419 (75.4%) evaluated the available supply as
inadequate, and 396 (71.2%) considered charges high. Satisfaction was limited: 144
respondents (25.9%) were satisfied with municipal parking actions, while 198 (35.6%) were
satisfied with the parking-meter service. Long-term expectations were divided, although
deterioration was the largest single response category. The findings support an integrated policy
package combining demand management, short-stay regulation, progressive pricing, physical
and digital information, secure and well-maintained off-street facilities, public transport
integration, and stronger enforcement of on-street parking rules.

Keywords: Urban parking; Parking behavior; Parking preference; Parking adequacy; Parking
management; Rize
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1. INTRODUCTION

Parking is an integral component of urban mobility because nearly every private-vehicle
trip requires a space at its destination. When demand is concentrated in a city center and curb
occupancy remains high, drivers may continue circulating while searching for a space. This
additional movement consumes road capacity, increases travel uncertainty, and contributes to
congestion, fuel use, emissions, and conflicts with pedestrians and moving traffic. Demand-
responsive curb pricing and the maintenance of a small number of vacant spaces have therefore
become central principles in contemporary parking management [1]. Behavioral evidence also
indicates that parking prices and the expected availability of spaces can alter when drivers begin
searching, how long they cruise, and whether they accept a more distant or off-street alternative
[2-4].

Parking choice is not determined by supply alone. Users evaluate a bundle of attributes that
includes price, walking distance, security, facility type, search time, accessibility, and the
reliability of information. Recent discrete-choice studies show that the availability of
alternatives and heterogeneity in user preferences materially shape the selection of on-street,
open off-street, and covered facilities [5,6]. Evidence from Istanbul similarly demonstrates that
parking-type preferences differ according to whether parking is paid or free and that driver, trip,
and parking characteristics should be considered jointly [7]. These findings suggest that local
parking policy should be informed not only by capacity inventories but also by how users
perceive and interact with the available system.

Pricing and information strategies are particularly important where urban land is scarce.
Progressive pricing can discourage long stays in high-demand locations and improve turnover,
while poorly calibrated prices may be viewed as unfair or may shift demand to adjacent streets
[8]. Smart-parking programs that integrate occupancy management, easier payment, and
information dissemination can reduce traffic and support public transport, although their
effectiveness depends on implementation quality and user adoption [9]. Recent research on
parking applications further shows that digital tools must be convenient, credible, and inclusive;
physical signs and conventional payment channels remain important for users who do not rely
on smartphones [10].

Compact urban centers face additional constraints because commercial, administrative,
educational, and health-related activities are concentrated within a limited area. Rize city center
is located on a narrow Black Sea coastal strip and is bordered by steep terrain, which restricts
developable land and concentrates traffic on a limited road network [11,12]. Seasonal visitor
activity and the clustering of public and commercial destinations can further intensify short-
duration parking demand. Under these conditions, expanding supply alone is unlikely to provide
a durable solution. International reviews show that parking reforms produce mixed outcomes
when pricing, enforcement, land-use policy, public acceptance, and alternative transport are not
coordinated [13,14].

Despite the practical importance of parking in Rize, there is limited user-oriented evidence
that jointly evaluates parking-use frequency, preferred facility types, information needs, search
difficulties, service satisfaction, and expectations for future conditions. A comprehensive
descriptive assessment can identify the areas in which municipal policy, facility operation, and
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user communication require the greatest attention. This study aims to evaluate parking-use
patterns, user preferences, parking-search difficulties, perceived parking adequacy, and
satisfaction with parking services in Rize city center using a comprehensive survey-based
dataset.

2. MATERIALS AND METHODS

2.1. Study Area

The study area covers Rize city center in northeastern Turkiye. The urban core has a narrow
coastal settlement pattern, steep topography, and limited developable land. Commercial
premises, public institutions, health services, educational facilities, and other high-attraction
destinations are concentrated within a compact area. These spatial characteristics limit
opportunities for large surface parking areas and increase competition between parking, traffic
movement, pedestrian space, and other curbside functions. Growing vehicle ownership and
seasonal mobility pressure further increase the importance of coordinated parking management.

2.2. Survey Design and Participants

The research was designed as a survey-based, cross-sectional, descriptive, and user-
oriented urban parking assessment. The online questionnaire contained 23 core questions
covering demographic characteristics, private vehicle ownership, vehicle-use frequency,
parking-facility use, typical parking time, preferred parking type, information and pricing
preferences, difficulties encountered while parking, perceptions of adequacy, satisfaction with
municipal services, desired facility characteristics, and long-term expectations.

The survey data were collected through two consecutive online administration waves using
largely equivalent questionnaires. After harmonization of the response categories, the
distributions were pooled to obtain an overall analytical sample of up to 556 respondents. The
number of valid responses varied by item, and lower item-specific denominators were retained
when they were explicitly documented. Figure 1 summarizes the analytical scope of the
assessment.

Participant Vehicle Parking-use Preferences and g Adequacy, service
profile ownership and use patterns information needs and outlook

|

Harmonized category frequencies and descriptive policy interpretation

User-oriented urban parking assessment

Figure 1. Analytical framework of the user-oriented urban parking assessment.
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2.3. Data Harmonization

Equivalent questions and response categories were matched before aggregation. Exact
frequencies reported in tables or explanatory text were used in preference to percentages. When
only a chart percentage was available, the corresponding frequency was reconstructed from the
valid analytical denominator and adjusted by the largest remainder method so that category
totals matched the valid N. Semantically equivalent labels were translated into concise English
categories; categories that did not represent the same concept were not forced together. Fully
comparable items used administration-level analytical denominators of 305 and 251, whereas
documented lower denominators were preserved for items with missing responses.

Nominal income bands were excluded because their boundaries were not directly
comparable and income was not essential to the study objective. Parking-fee preferences were
harmonized into broad policy categories rather than interpreted at a current price level. The
original questionnaires used five- and ten-year horizons for the future parking condition item.
Since both items measured the same directional expectation and used equivalent response
categories, they were harmonized under the broader construct of long-term parking outlook.
For the question on desired facility characteristics, multiple responses were allowed; therefore,
the percentages for that item do not sum to 100%.

2.4. Descriptive Analysis

The analysis was limited to pooled frequencies, pooled percentages, response distributions,
and policy-oriented interpretation. Results are reported as n (%) with one decimal place.
Because participant-level microdata were not available, no regression, correlation, factor
analysis, reliability analysis, participant-level cross-tabulation, or significance testing was
conducted. Descriptive design supports identification of dominant preferences and critical
service perceptions but does not establish causal relationships.

3. RESULTS AND DISCUSSION
3.1. Participant Characteristics

The harmonized age distribution covered a broad adult population (Table 1). Respondents
aged 18-25 formed the largest category, with 161 participants (29.0%). The 26-35 and 36-45
groups each included 133 respondents (23.9%), while 96 respondents (17.3%) were aged 46-
55. The smaller representation of participants aged 56 or above should be considered when
interpreting preferences that may depend on digital familiarity or mobility limitations.

Table 1. Age composition of the respondents (N = 556).

Age group n %

18-25 161 29.0
26-35 133 23.9
36-45 133 23.9
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Age group n %
46-55 96 17.3
56-65 27 4.9
65 or older 6 1.1
Total 556 100.0

3.2. Vehicle Ownership and Parking-Use Patterns

Private vehicle ownership was reported by 375 of 551 respondents (68.1%), indicating that
the dataset strongly reflects users who directly experience parking demand. Private-vehicle use
was most commonly moderate, reported by 172 of 550 respondents (31.3%). Frequent and very
frequent vehicle use together accounted for 212 respondents (38.5%), whereas 166 (30.2%)
used a private vehicle rarely or very rarely.

Use of existing parking facilities was less intensive than private-vehicle use. A total of 290
of 551 respondents (52.6%) used the facilities rarely or very rarely, while only 112 (20.3%)
used them frequently or very frequently. This gap may reflect a mixture of on-street parking
outside formally recognized facilities, limited facility convenience, or low perceived
availability. Parking use was concentrated in the daytime: 291 of 535 respondents (54.4%)
reported the 12:01-17:00 interval as their typical use period, followed by 134 (25.0%) in the
17:01-24:00 interval. The concentration of demand during commercial and public-service hours
supports turnover-oriented regulation rather than uniform parking rules across the entire day.

Table 2. Vehicle ownership and parking-use characteristics.

Indicator Category n % Valid N
Private vehicle ownership ves il i >
No 176 31.9 551
Very rarely 110 20.0 550
Rarely 56 10.2 550
Moderately 172 31.3 550
Frequently 106 19.3 550
Frequency of parking Very frequently 106 19.3 550
facility use Very rarely 174 31.6 551
Rarely 116 21.1 551
Moderately 149 27.0 551
Frequently 73 13.2 551
Very frequently 39 7.1 551
Typical parking-use time 00:00-08:00 38 7.1 535
08:01-12:00 72 135 535
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Indicator Category n % Valid N
12:01-17:00 291 54.4 535
17:01-24:00 134 25.0 535

3.3. Parking Preferences and Information Needs

Parking-type preferences were comparatively balanced, but covered or indoor parking was
the leading category, selected by 198 of 552 respondents (35.9%). Open off-street parking was
preferred by 159 (28.8%), on-street parking by 152 (27.5%), and private or personal parking by
43 (7.8%). Figure 2 illustrates this distribution. The close shares of the three public-facing
alternatives show that a single facility type cannot serve all users. Covered parking may be
valued for protection and security, while open and on-street options can provide direct access
and simpler circulation. This pattern is consistent with the literature showing that parking choice
depends on multiple attributes, including price, walking distance, availability, and facility
characteristics [5-7].

35.9%

Covered/indoor parking

Open off-street parking

On-street parking

Private/personal parking

0 5 10 15 20 25 30 35 40
Respondents (%)

Figure 2. Preferred parking facility types (N = 552).

Signs and digital displays were the dominant information preference, selected by 336 of
556 respondents (60.4%). The result indicates that visible, location-based guidance remains
essential even when smartphone services are available. A hybrid information strategy is
therefore preferable: physical direction signs and variable-message displays can provide
universal access, while mobile and web tools can offer real-time occupancy, navigation, and
payment functions. The municipality was the preferred service provider for 482 respondents
(86.7%), demonstrating a strong expectation of public responsibility for regulation and service
quality.

A free or lowest-listed hourly charge was preferred by 453 respondents (81.5%). This
distribution should not be interpreted as evidence that all parking should be free. Very low
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prices in high-demand locations can reduce turnover and encourage prolonged occupancy.
Instead, the finding signals the need for transparent, proportionate, and locally acceptable
pricing. Progressive tariffs, a short free or low-cost initial period where appropriate, and higher
marginal charges for longer stays can balance affordability with space turnover [1,2,8]. Clear
communication about the purpose and use of parking revenue may also improve acceptability
[14].

Table 3. Parking preferences and information needs.

Indicator Category n % Valid N

Covered/indoor parking 198 35.9 552

) Open off-street parking 159 28.8 552

Preferred parking type -

On-street parking 152 27.5 552

Private/personal parking 43 7.8 552
Preferred information Signs and digital displays 336 60.4 556
channel Other information channels 220 39.6 556

Municipality 482 86.7 556
Preferred service provider

Other provider arrangements 74 13.3 556

Free or lowest listed charge 453 81.5 556
Preferred hourly charge - -

Higher listed charge levels 103 185 556

3.4. Parking Difficulties and Perceived Adequacy

The most frequently reported single difficulty was finding a parking space near the
destination, identified by 169 of 554 respondents (30.5%). Finding a suitable space quickly was
reported by 131 (23.6%), and 125 (22.6%) selected the combined option indicating
simultaneous difficulty with speed, proximity, and security. A further 103 respondents (18.6%)
specifically emphasized security. Figure 3 shows the distribution of the principal difficulties.
These results confirm that parking problems are experienced not only as a shortage of spaces
but also as an accessibility, search-time, and quality problem. Similar research has shown that
scarcity and uncertainty cause drivers to begin searching earlier and to cruise longer,
particularly when demand is high [2-4].
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Finding a space near the destination 30.5%

Finding a suitable space quickly 23.6%
Multiple combined difficulties 22.6%
18.6%

Finding a secure parking space

Avoiding traffic conflict at parking access

T T
0 5 10 15 20 25 30 35
Respondents (%)

Figure 3. Main difficulties encountered when parking (N = 554).

The broader perception indicators reveal a critical evaluation of the existing system (Table
4). Difficulty in finding a space was acknowledged by 475 respondents (85.4%). In addition,
419 (75.4%) disagreed that the parking supply was adequate, and 396 (71.2%) agreed that
charges were high. More than half of respondents, 314 (56.5%), did not consider existing
parking facilities sufficient to relieve traffic. Figure 4 summarizes these critical evaluations.
The combination of perceived shortage, search difficulty, and dissatisfaction with charges
suggests that users are responding to the overall value of the service rather than to capacity
alone. A facility may be considered inadequate when it is poorly located, difficult to access,
insecure, insufficiently maintained, or unavailable at the time and place of demand.

Difficulty finding a space 85.4%

75.4%

Parking supply perceived inadequate

Parking charges perceived high

Existing parking not relieving traffic

Dissatisfied with municipal actions

Dissatisfied with parking-meter service

T
0 20 40 60 80
Respondents expressing the critical evaluation (%)

Figure 4. Critical perceptions of parking adequacy and service delivery (N = 556).

128



FAR EAST ASIA 7th INTERNATIONAL CONFERENCE ON APPLIED SCIENCES
Aug 20 - 26, 2026 — Tokyo
ISBN NR. : 978-625-8795-39-4

3.5. Satisfaction with Parking Services

Satisfaction with municipal parking actions was limited. Only 144 respondents (25.9%)
agreed or strongly agreed that they were satisfied, compared with 248 (44.6%) who disagreed
or strongly disagreed; 164 (29.5%) were neutral. Satisfaction with the municipal parking-meter
service was more evenly divided: 198 respondents (35.6%) were satisfied, 205 (36.9%) were
dissatisfied, and 153 (27.5%) were neutral. The substantial neutral shares suggest that some
users may have limited direct experience with the services or may distinguish between the
principle of regulation and the quality of implementation.

The findings imply that operational improvements are as important as infrastructure. Secure
access, cleanliness, lighting, moisture control in covered facilities, legible signs, reliable
payment, complaint handling, and consistent enforcement can influence whether users consider
a parking service fair and usable. Smart-parking evidence indicates that occupancy-based
management and improved information can reduce traffic, but benefits depend on credible
operation and broad user access [9,10]. Municipal leadership, strongly preferred by
respondents, therefore carries an expectation of transparent tariffs, service standards, and
accountable enforcement.

Table 4. Perceived parking difficulties, adequacy, and satisfaction (N = 556).

Indicator Critical evaluation Neutral Favorable evaluation

Difficulty finding a parking | Agree / strongly agree:
space 475 (85.4%)

Disagree / strongly

0,
36 (6.5%) disagree: 45 (8.1%)

Disagree / strongly
disagree: 419 (75.4%)

Agree / strongly agree: 70

Parking supply adequacy (12.6%)

67 (12.1%)

Agree / strongly agree: Disagree / strongly

. . 0
Parking charges are high 396 (71.2%) 96 (17.3%) disagree: 64 (11.5%)
Existing parking relieves Disagree / strongly 83 (14.9%) Agree / strongly agree:
traffic disagree: 314 (56.5%) >0 159 (28.6%)
Satisfaction with municipal | Disagree / strongly 164 Agree / strongly agree:
parking actions disagree: 248 (44.6%) (29.5%) 144 (25.9%)
Satisfaction with municipal | Disagree / strongly 153 Agree / strongly agree:
parking-meter service disagree: 205 (36.9%) (27.5%) 198 (35.6%)

3.6. Long-Term Parking Outlook and Policy Implications

The long-term outlook was divided but leaned toward concern. A worsening condition was
expected by 189 respondents (34.0%), while 168 (30.2%) expected improvement. Another 111
(20.0%) expected conditions to remain similar, and 88 (15.8%) were undecided. The proximity
of the improvement and deterioration shares indicates that confidence in future parking
management is not uniform. This uncertainty reinforces the need for visible, staged
interventions whose outcomes can be monitored and communicated to the public.

Common facility priorities further clarify the policy direction (Table 5). Lower charges
were selected by 289 respondents (52.0%), proximity to work or home by 261 (46.9%),
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improved facility quality by 213 (38.3%), and proximity to public transport by 109 (19.6%).
Because multiple responses were allowed, these shares represent overlapping priorities. The
combination of affordability, proximity, and quality shows why adding remote capacity without
access management or transit integration may have limited user value.

A balanced parking strategy for Rize should begin with a detailed occupancy and duration
survey to distinguish genuine capacity shortages from inefficient turnover. High-demand
central spaces can be managed through short-stay limits and progressive prices, while longer-
stay demand can be directed to off-street facilities and connected to the center by safe walking
routes and public transport. Physical signage should be strengthened and progressively linked
to digital occupancy information. Security, maintenance, cleanliness, lighting, and accessibility
should be incorporated into municipal service standards. Enforcement should prevent double
parking, sidewalk obstruction, and long-duration occupation of short-stay curb space.
International evidence warns that parking policies are less effective when implemented as
isolated measures; supply, pricing, enforcement, public communication, and alternatives to
private-car access should therefore be coordinated [13,14].

Table 5. Long-term parking outlook and selected facility priorities.

Panel / indicator Category n %

Panel A. Long-term parking outlook (N = 556)

Expected to improve 168 30.2

Expected to remain similar 111 20.0
Long-term outlook

Expected to worsen 189 34.0

Undecided / no clear opinion 88 15.8
Panel B. Desired facility characteristics (multiple responses allowed; denominator = 556)

Lower parking charges 289 52.0

Proximity to work or home 261 46.9
Facility priority — -

Improved facility quality 213 38.3

Proximity to public transport 109 19.6

The results should be interpreted within the boundaries of the descriptive design.
Participation was online and non-probability based, so the distributions cannot be assumed to
represent every resident or visitor in the city center. The analysis relied on aggregated item
distributions, which prevented participant-level association tests and control for demographic
or trip-related differences. Category harmonization also required broader groupings for several
policy variables. Nevertheless, the large analytical sample and the consistency of the dominant
response patterns provide a useful evidence base for identifying immediate municipal priorities
and designing more detailed field surveys.
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4. CONCLUSIONS

This study evaluated urban parking behavior, preferences, search difficulties, perceived
adequacy, and service satisfaction in Rize city center using harmonized descriptive responses
from up to 556 participants. Private vehicle ownership was high within the analytical sample,
and vehicle use was more intensive than the use of recognized parking facilities. Parking
demand was concentrated during the 12:01-17:00 period. Covered or indoor parking was the
leading facility preference, although open off-street and on-street alternatives also attracted
substantial shares, demonstrating the need for a diversified parking system.

The strongest result was the difficulty of finding a parking space, reported by 85.4% of
respondents. Three quarters evaluated the parking supply as inadequate, 71.2% considered
charges high, and 56.5% did not believe that existing parking facilities adequately relieved
traffic. Satisfaction with municipal parking actions was 25.9%, while satisfaction with the
parking-meter service was 35.6%. Long-term expectations were mixed: deterioration was the
largest category at 34.0%, but 30.2% expected improvement. These findings indicate both a
high level of concern and a remaining expectation that effective management can improve
conditions.

Municipal policy should not treat new construction as the only solution. A staged strategy
should combine parking-demand management, short-stay curb regulation, progressive and
transparent pricing, stronger physical signage, digital availability and payment information,
secure and well-maintained off-street facilities, and consistent enforcement of on-street rules.
Lower-cost or free initial periods may be considered where they support short visits, but tariffs
should discourage long stays in the most constrained locations. Long-duration parking should
be directed toward off-street facilities connected to public transport and safe pedestrian routes.
Regular occupancy, duration, and user-satisfaction monitoring should be used to evaluate each
intervention and adjust the policy over time.
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FARKLI MOTOR YUKLERINDE HEKZAGONAL BOR NiTRUR VE BOR
KARBUR NANOPARCACIK KATKILI KOLZA BiYODIZELININ EGZOZ
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Ogr. Gor. Ibrahim GUNDUZ 12, Dog. Dr. Turan GURGENC 3
1 Bingol Universitesi, Teknik Bilimler Meslek Yiiksekokulu, Motorlu Araglar ve Ulastirma
Teknolojileri Bolum, igunduz@bingol.edu.tr - ORCID: 0000-0002-4157-0304
2 Firat Universitesi, Fen Bilimleri Enstitiisii, Otomotiv Miihendisligi

3 Firat Universitesi, Teknoloji Fakiiltesi, Otomotiv Miihendisligi, tqurgenc@firat.edu.tr —
ORCID: 0000-0002-7678-2673

OZET

Bu ¢alismada, nano hekzagonal bor nitriir (hBN) ve nano bor karbiir (B4C) katkil1 kolza yag1
biyodizel-dizel karigimlarinin egzoz emisyonlari deneysel olarak incelenmistir. Deneysel
caligmalar, tek silindirli direkt enjeksiyonlu dizel motorda, 2000 dev/dak sabit motor devrinde
gerceklestirilmis; disiik yiik (1 kW), orta yiik (2 kW) ve yiiksek yiik (3 kW) calisma kosullari
dikkate alinarak degerlendirilmistir. Referans yakit olarak saf dizel (D100), %50 dizel + %50
biyodizel karigimi (B50) ve saf biyodizel (B100) kullanilmis; B50 yakitina 25, 50 ve 100 ppm
oranlarinda hBN ve B4C nanopartikiilleri ilave edilmistir. Bu kapsamda farkli yakit tiirlerinin
ve nanopartikiil dozajlarinin emisyon karakteristikleri iizerindeki etkileri karsilastirmali olarak
degerlendirilmistir. Elde edilen sonuglar, B50 ve B100 yakitlarinin D100’e kiyasla hidrokarbon
(HC), karbonmonoksit (CO) ve duman opakligi emisyonlarimi azalttigini, buna karsilik
karbondioksit (COz) ve azotoksit (NOx) degerlerinde artisa neden oldugunu goéstermistir. Bu
egilim, biyodizelin oksijen icerigi ve yanma karakteristigiyle iligkilendirilebilir. Nanokatki
kullanimiyla eksik yanma iiriinlerinde belirgin azalma saglanmistir. hBN katkili yakitlarda HC
emisyonu orta yiikte 100 ppm katki oraninda %36,36, CO emisyonu ise diisiik yiikte 100 ppm
katki oraninda %45,45 azaltilmistir. B4C katkili yakitlarda HC emisyonundaki en belirgin
azalma orta ylikte 50 ppm katk1 oraninda %27,27, CO emisyonundaki en belirgin azalma ise
orta yiikte 50 ppm katki oraninda %14,71 olarak belirlenmistir. Duman opaklig1 bakimindan
B4C katkis1 daha etkili olmus; orta yiikte 50 ppm B4C katkist duman degerini %32,00, hBN
katkis1 ise %24,00 azaltmistir. Buna karsilik NOx emisyonlar1t hBN katkisinda orta yiikte 100
ppm ile %20,34, B4C katkisinda ise yiiksek yiikte 100 ppm ile %16,00 artmistir. Sonug olarak,
nano katkilarin kolza biyodizeli-dizel karisimlarinda eksik yanma kaynakli emisyonlari azaltma
potansiyeline sahip oldugu belirlenmistir.

Anahtar Kelimeler : Kolza biyodizeli, Nano hekzagonal bor nitriir, Nano bor karbr,
Nanopargacik, Dizel motor, Emisyon.
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Tesekkiir: Yazarlar, bu arastirmaya sagladiklart mali destekten dolay1 Firat Universitesi
Arastirma Fonu’na (FUBAP-TEKF.24.40) tesekkiir ederler. Bu ¢alisma, doktora &grencisi
Ibrahim GUNDUZ’iin Nano Bor Karbiir ve Hekzagonal Bor Nitriir Katkil1 Kolza Biyodizelinin
Motor Performansi ve Emisyon Degerleri Uzerindeki Etkilerinin Incelenmesi adli tezinin bir
parcasini olusturmaktadir.

EXPERIMENTAL EVALUATION OF EXHAUST EMISSIONS FROM RAPESEED
BIODIESEL BLENDED WITH HEXAGONAL BORON NITRIDE AND BORON
CARBIDE NANOPARTICLES UNDER DIFFERENT ENGINE LOADS

ABSTRACT

This study evaluates the exhaust emission characteristics of rapeseed biodiesel-diesel mixtures
enhanced with nano-scale hexagonal boron nitride (hBN) and boron carbide (B4C). Tests were
conducted on a one-cylinder compression-ignition engine equipped with direct fuel injection,
while the engine speed was maintained at 2000 rpm throughout the measurements. Emission
data were obtained at three brake power levels: 1 kW, 2 kW, and 3 kW, corresponding to low,
medium, and high load conditions. Diesel fuel (D100), an equal diesel-biodiesel blend (B50),
and pure rapeseed biodiesel (B100) were used as comparison fuels. For the nanoparticle-doped
samples, hBN and B4C were separately mixed with B50 at 25, 50, and 100 ppm. Relative to the
diesel baseline, B50 and B100 showed reductions in HC, CO, and smoke opacity, together with
increases in CO2 and NOy emissions. Nanoparticle addition further limited the formation of
incomplete-combustion products. The addition of nanoparticles further reduced incomplete
combustion products. For hBN-added fuels, the maximum HC reduction was 36.36% at 100
ppm under medium load, while the maximum CO reduction was 45.45% at 100 ppm under low
load. For B«C-added fuels, the highest reductions in HC and CO emissions were 27.27% and
14.71%, respectively, both obtained at 50 ppm under medium load. Regarding smoke opacity,
B4C exhibited better performance; 50 ppm B4C reduced smoke opacity by 32.00% under
medium load, while hBN achieved a 24.00% reduction. However, NOy emissions increased by
20.34% with 100 ppm hBN under medium load and by 16.00% with 100 ppm B4C under high
load. Overall, the results indicate that nano-additives can effectively reduce incomplete
combustion-related emissions in rapeseed biodiesel-diesel blends.

Keywords: Rapeseed biodiesel, Nano hexagonal boron nitride, Nano boron carbide,
Nanoparticle, Diesel engine, Emissions.
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ABSTRACT

The present study investigates the influence of carbon fibre reinforcement and raster angle on
the Charpy impact behaviour of fused filament fabrication (FFF)-printed polylactic acid (PLA)
components. Neat PLA and carbon fibre-reinforced PLA (PLA-CF) specimens with dimensions
of 80 mm x 10 mm x 4 mm were manufactured using a 100% rectilinear infill pattern and raster
angles of 0° and 90°. Charpy impact tests were conducted in accordance with ISO 179 using
unnotched specimens. The results revealed that carbon fibre reinforcement significantly
improved the impact toughness of specimens printed with a 0° raster angle, increasing the
impact toughness from 19.60 £+ 0.92 kJ/m? for neat PLA to 30.83 + 0.72 kJ/m? for PLA-CF.
Conversely, for specimens printed with a 90° raster angle, neat PLA exhibited higher impact
toughness (24.75 + 0.50 kJ/m?) than PLA-CF (15.80 + 1.91 kJ/m?). Fractographic observations
indicated that specimens printed at 0° primarily failed through bead fracture, whereas those
printed at 90° predominantly exhibited inter-bead failure. The findings demonstrate that the
effectiveness of carbon fibre reinforcement on impact performance strongly depends on raster
angle and the associated failure mechanism. While fibre reinforcement enhances the intrinsic
strength of deposited beads, it may adversely affect inter-bead adhesion, leading to reduced
impact resistance when failure is governed by interlayer bonding.

Keywords: Fused filament fabrication, polylactic acid, carbon fibre reinforcement, Charpy
impact test, raster angle, impact toughness.

1. INTRODUCTION

Fused filament fabrication (FFF), widely used in the aerospace, medical, and electronics
industries, offers a cost-effective manufacturing route for producing complex structures [1-3].
Its advantages include high efficiency, suitability for functional prototyping, low material
waste, and compatibility with a wide range of thermoplastics, such as polylactic acid (PLA) [4],
polyethylene terephthalate glycol (PET-G) [5], and acrylonitrile butadiene styrene (ABS) [6].
However, the use of FFF for load-bearing structural applications remains an ongoing research
area. Therefore, a thorough understanding of the mechanical response of FFF-printed
components under different loading conditions is essential for expanding their application
potential. Therefore, a thorough understanding of the mechanical response of FFF-printed
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components under different loading conditions is essential for expanding their application
potential, particularly in structural and engineering applications.

Considerable research has recently focused on understanding the mechanical behaviour of FFF-
printed components and the factors influencing their performance. Among these, printing
parameters are recognised as critical determinants of mechanical properties. For example, layer
thickness significantly affects the formation, size, and distribution of voids, which can
adversely affect the mechanical integrity of printed components [7]. Nozzle temperature is
another important parameter, as it governs polymer diffusion and bonding between adjacent
layers, thereby influencing interlayer adhesion [8]. Likewise, printing speed affects both the
quality of the interlaminar region and the alignment of polymer chains, which contribute to the
overall mechanical response of the printed part [9]. In addition to processing conditions, build
characteristics such as infill pattern, infill ratio, and raster angle also play important roles.
Higher infill ratios generally improve load-bearing capacity by increasing the effective material
density, while infill pattern and raster angle influence stress distribution and load transfer
mechanisms within the structure [10,11].

Another widely adopted strategy for improving the mechanical properties of FFF-printed
components is the incorporation of reinforcing phases into the filament. In particular, the
addition of reinforcing fibres [12—14], and particulate fillers [15] into the filaments has been
shown to enhance the mechanical performance of printed parts. Consequently, numerous
studies have investigated the effects of both printing parameters and material modifications on
the tensile and flexural behaviour of FFF-printed components.

Despite the extensive body of research on tensile and flexural properties, comparatively little
attention has been paid to the impact behaviour of FFF-printed components. Understanding
impact performance is particularly important for applications involving dynamic or sudden
loading conditions. Therefore, the present study investigates the Charpy impact response of
FFF-printed carbon fibre-reinforced PLA composites (PLA-CF). Specifically, the effects of
raster angle and carbon fibre content on impact performance are examined. To this end, neat
PLA and carbon fibre-reinforced PLA specimens with dimensions of 80 mm x 10 mm % 4 mm
are fabricated using the FFF process with a 100% infill ratio and raster angles of 0° and 90°.
Charpy impact tests were conducted in accordance with the ISO 179 standard [16]. The
experimental results and corresponding discussion are presented in the following sections.

2. MATERIALS, MANUFACTURING, AND METHODS

PLA and PLA-CF filaments are supplied from Filameon (Kayseri, Tiirkiye). PLA and carbon
fibre-reinforced PLA (PLA-CF) filaments are supplied by Filameon (Kayseri, Tiirkiye). The
specimens, measuring 80 mm x 10 mm X 4 mm, are fabricated using a 0.8 mm nozzle at a
nozzle temperature of 260 °C and a bed temperature of 60 °C. Each specimen is manufactured
with 100% infill ratio with rectilinear infill. Charpy impact tests are conducted in accordance
with the ISO 179 standard using unnotched specimens. The Charpy test apparatus has a support
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span (anvil opening) of 55 mm. Two raster angle configurations are employed, i.e. 0° and 90°,
where 0° is aligned parallel to the specimen length and 90° is oriented perpendicular to it.

3. RESULTS AND DISCUSSIONS

The measured impact toughness of the PLA and PLA-CF specimens is presented in Figure 1.
For specimens manufactured with a 0° raster angle, the impact toughness of PLA and PLA-CF
was 19.60 + 0.92 kJ/m? and 30.83 £ 0.72 kJ/m?, respectively, indicating that PLA-CF exhibited
superior impact resistance. In contrast, PLA exhibited higher impact toughness than PLA-CF,
with values of 24.75 + 0.50 kJ/m? and 15.80 = 1.91 kJ/m?, respectively, for the specimens
manufactured with a 90° raster angle. The fractured specimens after the impact loading are
given in Figure 2. The images reveal that specimens manufactured with a 0° raster angle
predominantly failed through bead fracture, whereas those manufactured with a 90° raster angle
exhibited inter-bead failure. These observations indicate that the impact response of specimens
printed with a 0° raster angle is primarily governed by the mechanical properties of the
deposited beads. This finding is consistent with previous studies reporting that fibre
reinforcement enhances the mechanical properties of FFF-printed components [13]. In contrast,
the impact response of specimens manufactured with a 90° raster angle is mainly controlled by
inter-bead adhesion. This behaviour is supported by studies demonstrating that the presence of
fibres within the inter-bead regions can disrupt matrix continuity and reduce bonding between
adjacent beads, thereby weakening inter-bead adhesion [14].
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Figure 1. The comparison of the impact toughness values measured from the PLA and PLA-CF
specimens.
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Figure 2. The fractured (a,b) PLA and (c,d) PLA-CF specimens with 0° and 90° raster angles. (The
raster angle for each specimen is indicated in the bottom-left corner of the corresponding image.)

CONCLUSIONS

This study examined the effects of carbon fibre reinforcement and raster angle on the Charpy
impact behaviour of FFF-printed PLA components. Based on the experimental findings, the
following conclusions can be drawn:

Carbon fibre reinforcement significantly improved the impact toughness of specimens
printed with a 0° raster angle, increasing the impact toughness by approximately 57%
compared with neat PLA.

For specimens printed with a 90° raster angle, carbon fibre reinforcement reduced the
impact toughness by approximately 36%, indicating that fibre addition can negatively
affect impact performance when inter-bead bonding governs failure.

Failure observations revealed distinct fracture mechanisms depending on raster angle.
Specimens printed with a 0° raster angle mainly failed through bead fracture, whereas
specimens printed with a 90° raster angle predominantly exhibited inter-bead
separation.

The results indicate that the impact response of specimens printed with a 0° raster
angle is controlled primarily by the mechanical properties of the deposited filaments,
while the response of specimens printed with a 90° raster angle is governed by inter-
bead adhesion.

Carbon fibre reinforcement is beneficial for impact performance when the loading
condition promotes bead-dominated failure; however, it may weaken inter-bead
bonding and reduce impact resistance when failure occurs along bead interfaces.

Overall, the study demonstrates that raster angle is critical to the effectiveness of carbon fibre
reinforcement in FFF-printed PLA composites under impact loading. Future work may focus
on optimising printing parameters and fibre content to simultaneously improve bead strength
and interlayer adhesion.
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Abstract

The 20th century saw a large increase in both population and energy consumption, and this
trend is predicted to continue as industrialization and urbanization continue. Due mostly to the
burning of fuels that contain carbon, the amount of carbon dioxide (COy) in the earth's
atmosphere has increased significantly in recent years. Since the Industrial Revolution, data
show that CO; concentrations have steadily increased, reaching 427 ppm. Converting COz into
fuels and value-added compounds is a promising way to address this issue. However, CO> poses
a challenge in terms of reacting in chemical reactions due to its high thermodynamic stability
(AH% = -396 kJsmol™). The problem of CO> not reacting in chemical reactions is overcome
with the help of catalysts, enabling its use as a carbon source in chemical processes. Because it
can reduce the activation energy needed, the use of a catalyst is essential in mitigating these
conditions. For the cycloaddition reaction of CO2 with epoxides, a variety of homogeneous and
heterogeneous catalysts, including metal oxides, ionic liquids, very porous metal-organic
frameworks, metal complexes, and mesoporous organosilica, have been produced. Several
methods have been developed for this purpose, including CO2 hydrogenation, formate
synthesis, and the cycloaddition of epoxides with CO». Because of its many industrial uses and
100% atom economy, the CO2—epoxide reaction has garnered a lot of interest among these.
Cyclic carbonates are a significant class of chemicals produced by the cycloaddition reaction
of CO2 with epoxides. These substances can be used as ecologically benign precursors in a
variety of polymer and organic syntheses, as well as electrolytes in lithium-ion batteries. In the
study, aromatic amines 2,4,6-Tri-tert-butylaniline and 2,5-Di-tert-butylaniline were tested as
catalysts. The catalytic activity of aromatic amines in the conversion of carbon dioxide to cyclic
carbonates in the atmospheric ambient was investigated and the most active catalyst was
determined. The effect of the catalyst, which is the most active aromatic amine in the
atmospheric ambient, on the conversion of oxirane to cyclic carbonate in the reaction was
examined by examining the effect of time on the transformation.

Keywords: Carbon dioxide, Aromatic amines, Cyclic carbonates, Atmospheric ambient.
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OZET

20. yiizyilda hem niifusta hem de enerji tiiketiminde biiyiik bir artis yasanmistir ve sanayilesme
ve kentlesme devam ettikge bu egilimin devam edecegi tahmin edilmektedir. Cogunlukla
karbon iceren yakitlarin yakilmasi nedeniyle, diinya atmosferindeki karbondioksit (CO>)
miktart son yillarda onemli Olgiide artmistir. Sanayi Devrimi'nden bu yana, veriler CO2
konsantrasyonlarinin siirekli olarak arttigini ve 427 ppm'ye ulastigini gostermektedir. CO2'nin
yakitlara ve katma degerli bilesiklere doniistiiriilmesi, bu sorunu ele almanin umut vadeden bir
yoludur. Ancak CO; yiiksek termodinamik kararliligi (AH% = -396 kJemol™) nedeniyle
kimyasal reaksiyonlarda tepkimeye girme agisindan zorluk teskil etmektedir. CO2'nin
reaksiyonlarda tepkimeye girme sorunu ise katalizor yardimiyla giderilerek kimyasal siireclerde
karbon kaynagi olarak kullanimina olanak saglamaktadir. Gerekli aktivasyon enerjisini
azaltabildigi i¢in katalizor kullanimi bu kosullari hafifletmede ¢ok o6nemlidir. CO2'nin
epoksitlerle halkakatilma reaksiyonu i¢in, metal oksitler, iyonik sivilar, ¢ok gdzenekli metal-
organik gerceveler, metal kompleksleri ve mezogozenekli organosilika dahil olmak iizere ¢esitli
homojen ve heterojen katalizorler iiretilmistir. Bu amagla, CO> hidrojenasyonu, format sentezi
ve epoksitlerin CO- ile halkakatilimi da dahil olmak iizere gesitli yontemler gelistirilmistir.
Birgok endiistriyel kullanim alani ve %100 atom ekonomisi nedeniyle, CO2-epoksit reaksiyonu
bunlar arasinda biiytik ilgi gérmiistiir. Halkali karbonatlar, CO2'nin epoksitlerle halkakatilma
reaksiyonu sonucu iretilen 6nemli bir kimyasal sinifidir. Bu maddeler, c¢esitli polimer ve
organik sentezlerde ekolojik olarak zararsiz onciiller olarak ve lityum iyon pillerde elektrolit
olarak kullanilabilir. Gergeklestirilen ¢alismada 2.4,6-Tri-tert-butylaniline ve 2,5-Di-tert-
butylaniline olan aromatik aminler katalizor olarak test edilmistir. Karbon dioksitin atmosferik
ortamda halkali karbonatlara doniisiimiinde aromatik aminlerin katalitik etkinligi arastirilarak
en aktif katalizor tespiti gerceklestirilmistir. Atmosferik ortamda en aktif aromatik amin olan
katalizoriin doniisiimde stire etkisi incelenerek reaksiyonda oksiranin halkali karbonata
doniistimii lizerine etkisi incelenmistir.

Anahtar Kelimeler: Karbon dioksit, Aromatik amin, Halkali karbonat, Atmosferik ortam.
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1. GIRIS

Karbondioksit (CO2) su anda kiiresel 1sinmaya katkida bulunan baslica antropojenik gazdir [1,2].
Sanayi devriminden bu yana atmosferdeki miktari hizla artarak 2025 yili itibari ile 427.09 ppm'ye
yiikselmistir [3,4]. Karbondioksit yakalama ve kullanim teknolojilerinin, kiiresel sera gazi
emisyonlarim azaltmak i¢in uygulanabilir ve ekonomik bir ¢oziim oldugu kabul edilmistir [5-15].
CO2'nin kimyasal sentez i¢in baslangi¢ noktasi olarak kullanilmast {izerine yapilan arastirmalar, bilim,
ekonomi ve ekoloji agisindan biiyiik ilgi gormektedir [5-19]. COy, ucuz, toksik olmayan ve yanici
olmayan Ozellikleri nedeniyle organik kimyada ¢ok arzu edilen diisiik maliyetli bir C1 kaynagidir.
Ayrica, sera etkisine neden olan COz iiretimini azaltmak i¢in endiistriyel islemlerden kaynaklanan CO>
emisyonunun azaltilmasi, kimyagerleri bu alanda caligmalar yapmaya tesvik etmektedir. CO2
termodinamik olarak kararlidir (AG® = -394 kJ/mol) [5,6]. Ancak, CO2'nin organik molekdllere
sabitlenmesi i¢in katalitik aktivasyona ve karsilik gelen bir reaktif maddeye gereklilik vardir. Epoksitler
gibi termodinamik olarak kararsiz olan ti¢ liyeli heterosiklik halkalar, CO> sabitlemesi i¢in miikemmel
reaktiflerdir. %100 atom verimliligine sahip olan epoksitlere CO2'nin halka genisletme ilavesi yoluyla
halkali karbonatlarin sentezi, CO2 kullanimi i¢in en gelismis reaksiyonlardan biridir [20].

Gorsel 1. Kiiresel 1sinmaya neden olan CO>

Organik karbonatlar, 6zellikle halkali karbonatlar, pillerde elektrolit, yesil ¢oziiciiler, yakit katki
maddeleri, ince kimyasallar igin hammadde, karbamat sentezi, polikarbonat tretimi igin monomerler,
farmasoétik ve kimyasal ara maddeler i¢in bilesenler gibi ¢esitli endiistriyel siireclerde kullanilmaktadir
[21-26]. Etilen, propilen ve biitilen karbonat sentezleri, uzun bir siire boyunca gelistirilen bir
metodoloji sayesinde diinya capinda ticari olarak iiretilmektedir [27]. Endiistriyel {iretimde yaygin
olarak kullanilan katalizorler, su anda hala yiiksek CO2 basincina, yiiksek reaksiyon sicakliklarina ve
saf CO2'ye ihtiyag duymaktadir [28,29, 33-36]. Karbon kaynaklarmin kullamimi ve kiiresel istnmanin
onlenmesi acisindan, daha diisiik reaksiyon sicakligi ve basincinda, hatta ortam kosullarinda bile
islevsel olan etkili CO; kullanan prosediirlerin olusturulmasi son derece arzu edilmektedir. Son birkag
on yilda metal oksitler, alkali metal halojeniirler, kuaterner amonyum veya fosfonyum tuzlari,
imidazolium tuzlar1 veya iyonik sivilar ve metal kompleksleri de dahil olmak {izere ¢ok sayida
homojen ve heterojen katalizOr sistemi iiretilmistir. Bununla birlikte, bu sistemler diisiik katalitik
aktivite, saf CO> kullammi ve zorlu reaksiyon kosullar (yiiksek sicaklik veya yiiksek basing) gibi
dezavantajlara sahip olmaya devam etmektedir. Epoksitleri oda sicakliginda ve ortam CO; basincinda
halkali karbonatlara doniistiirmek i¢in ¢ok etkili bir katalizor sisteminin bulunabilirligi hala biraz
sinirhidir. Gergeklestirilen bu galismada atmosferik ortam tizerinde durularak 2.4,6-Tri-tert-butylaniline
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ve 2,5-Di-tert-butylaniline olan aromatik aminler katalizor olarak test edildi. CO2'nin atmosferik
ortamda halkal1 karbonatlara doniistimiinde aromatik aminlerin katalitik etkinligi arastirilarak en aktif
katalizor tespiti gergeklestirildi. Atmosferik ortamda en aktif aromatik amin olan katalizoriin
doniistimde stire etkisi incelenerek reaksiyonda oksiranin halkali karbonata doniisiimii iizerine etkisi
incelendi.

2. DENEYSEL CALISMALAR

Katalitik reaksiyonlar daha O6nce onaylanmis kosullar altinda gerceklestirildi (0,1 mol%
katalizor, 0,2 mol% yardimci katalizor: dimetilaminopiridin (DMAP), 100 °C, 1 atm COg, 2
saat) [30-32] (Gorsel 2). En aktif katalizor belirlendikten sonra, atmosferik basing altinda
CO2nin Epiklorhidrin (EK) ile birlesmesi iizerindeki reaksiyon siresinin etkisi incelendi

(Cizelge 2).
3. SONUCLAR VE DEGERLENDIRME

Ayn1 reaksiyon kosullar1 altinda (%0,1 mol katalizér, %0,2 mol yardimci katalizor:
dimetilaminopiridin (DMAP), 100 °C, 1 atm COy, 2 saat), katalizor olarak 2,4,6-Tri-tert-
butylaniline ve 2,5-Di-tert-butylaniline CO2’den halkali karbonat eldesi reaksiyonunda test
edildi ve EK verimi %47,6 ve %42,5 olarak belirlendi (Cizelge 1). Cizelge 1'de gosterildigi gibi
anilinler, atmosferik basingta sasirtict derecede basarili ve iyi verimler sagladi. Ayrica, katalitik
sonuglar incelendiginde 4-etil-1,3-dioksalan-2-on’un (EKHC) segiciligi genellikle yiiksekti.
Ayrica, sonuglar incelendiginde atmosfer basincinda COz'nin halkali karbonata doniisiimiinde
anilinlerden iyi bir verim elde edilmesi oldukga heyecan vericiydi. En iyi doniisiim, 2,4,6-Tri-
tert-butylaniline katalizér ve yardimci katalizor olarak DMAP varliginda %47,6 verim ve
%098,5 secicilik ile gergeklestirildi (Cizelge 1, sira 1).

] 0.1% Kat.,

T.F

i r

[- Kat. = 2.4.6, iri tert butylaniline ve 2.5 di tert bul].rlzmilim:]

( R=CI (Epiklorhidrin) )

. o

Gorsel 2. Atmosferik ortamda 2,4,6, tri tert butylaniline ve 2,5 di tert butylaniline katalizorleri
ile CO2’nin halkah karbonata doniisiimii.
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Cizelge 1. Atmosferik ortamda CO2’nin epiklorhidrin ile halkalasmasindan 4-etil-1,3-dioksalan-
2-on sentezi sonuclari

2 4,6, tri tert butylaniline

- 2,5 di tert butylaniline 42,5 98,4 425 213

Cizelge 2 reaksiyon siiresinin atmosferik basing altinda CO2'nin doniisiimiinii nasil
etkiledigini gostermektedir. Katalizor olarak 2,4,6-Tri-tert-butylaniline ve baz olarak DMAP
ile katalize edilen halkakatilma reaksiyonu, zaman iginde hizli bir sekilde ilerlemis ve 12 saat
boyunca, doniisiim %96,1 EKHK verimi ve %99,1 ECHC segiciligi ile miikemmel bir sekilde
elde edilmistir. Sasirtict bir sekilde, %96,1'lik bir halkakatilma verimiyle reaksiyon hizli bir
sekilde ilerler ve dontislim, ¢izelge 2'de gosterildigi gibi atmosferik basing altinda neredeyse ilk
12 saatte tamamlanir.

Cizelge 2. Atmosferik sistemde reaksiyon siiresinin doniisiim iizerine etkisi

2,4,6, tri tert butylaniline 476 238
2,4,6, tri tert butylaniline . et — 700 350
2,4,6, tri tert butylaniline : 82,2 A 822 411
2,46, tri tert butylaniline 8 0,1 98,7 901 451
2,4,6, tri tert butylaniline i Ao 212 949 475
2,4,6, tri tert butylaniline L 2Ll 22l 961 481
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4. GENEL DEGERLENDIRME VE SONUCLAR

Gergeklestirilen halkali karbonat sentezi reaksiyonunda 2,4,6-Tri-tert-butylaniline ve
2,5-Di-tert-butylaniline katalizor olarak test edilip, CO. 'nin epiklorhidrin ile birlikte atmosferik
basing kosullari ile doniisiimii incelenmistir. Sonuglar ayrintili olarak analiz edildiginde en iyi
donligiim 2,4,6-Tri-tert-butylaniline katalizorl kullanilarak epiklorhidrin ile 2 saat atmosferik
ortam ve 1 atm CO; basing altinda %47.6 verim ve %98.5 seg¢icilik ile elde edilmistir. %47.6
verim ve %98.5 secicilik ile atmosferik ortam da da doniisiim ile oldukga iyi sonuglar elde
edilecegi ortaya konulmustur. Ayrica bu 2,4,6-Tri-tert-butylaniline ile gergeklestirilen %47.6
verim de oldukga basarili olmakla birlikte atmosferik ortam ve literatiir agisindan da yenidir.
Bununla birlikte reaksiyon siiresinin atmosferik basing altinda CO2'nin doniisiimiinii nasil
etkiledigi de incelenmis ve reaksiyon siiresinin artmast ile verim artarak doniisiim neredeyse 12
saatte %96.1 verim ile tamamlanmistir. Elde edilen bu sonuglar ile bu alandaki ¢alismada
yliksek basing gerektirmeyen ve atmosferik ortam gibi reaksiyon sistemlerinin gelistirilmesi ile
birlikte tasarlanmasi noktasinda da dncii ¢aligmalar olarak yer alacaktir.
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SUMMARY

Aerogels are special forms of highly porous, ultralight materials composed of nanosized
particles that are combined to form a three-dimensional network (Ulker et al., 2014) Their very
low thermal conductivity combined with very large surface area and tunable properties
depending on the preparation conditions make them one of the most promising advanced
materials for a variety of application areas (Alwin & Sahaya Shajan, 2020) . Increasing energy
consumption combined with high population growth led people to use both more renewable
energy sources and reduce energy consumption. One of the best methods of reducing energy
consumption is to develop more effective thermal insulation systems. Aerogels, having
significantly lower thermal conductivities among the commonly used thermal insulation
materials are gaining increasing attention (Ge et al., 2025). The performance of these
nanomaterials depends mostly on their porous structure and pore sizes which are in turn
determined by the synthesis conditions and particularly the drying procedure (Payanda Konuk
et al., 2023). Although the most successful and popular one is the silica aerogel, there are many
different types of aerogels investigated for thermal insulation purposes such as oxide aerogels,
carbide aerogel, nitride aerogels and polymer aerogels (Ge et al., 2025). Despite their excellent
performance, problems including low mechanical properties, cost of production and fragility
hinder their widespread use. Thus, aerogel textile composites are also under investigation to
both improve the energy efficiency and compensate the problems. They are widely used in
different areas including energy savings of buildings, aerospace, flame retardancy, protective
clothing and other fields (Azam et al., 2022). Based on all the advantages they offer, aerogel
textile composites have great potential for use in energy applications, specifically in thermal
insulation.

Keywords: Aerogels, Thermal Insulation, Composites with Textiles

1. INTRODUCTION

Nowadays, buildings are at the center of the world’s energy and climate problems.
Approximately 33% of energy-related CO. emissions and 40% of the world's total energy
consumption are attributed to the building sector (Min et al., 2022). One of the most efficient
methods of reducing energy consumption in buildings is to use innovative insulation materials
with great thermal performance (Sun et al., 2026). Aerogels, standing out as one of the most
promising materials to improve energy efficiency, became popular due to their excellent
thermal insulation performance, flame retardancy and lightweight construction (Sun et al.,
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2026). These nanomaterials created by Samuel Kistler in 1931 are highly porous (KISTLER,
1931). Furthermore, their low densities, high surface areas and extremely low thermal
conductivities are largely attributed to their three-dimensional porous structures. A comparative
overview of the thermal conductivities of different insulation materials is provided in Table 1.
Recent advances in aerogel science led to the investigation of these materials for various
applications such as sound absorption, energy conservation, thermal insulation, purification,
and biomedicine (Fricke & Emmerling, 1998; Mishra et al., 2025). However, their fragility
combined with low mechanical properties and cost of production led researchers to find
alternative solutions such as the production of aerogel composites. One of the candidates used
to produce aerogel composites with, was textiles. Although the first application of the textiles
since ancient times is clothing, they are now investigated for various applications such as
filtration, biomedical applications and thermal insulation based on their functional and diverse
properties (Azam et al., 2022). The fiber type used to manufacture the textile, the production
method and the resulting structure all affect the qualities of the textiles. The porosity on the
other hand could lead to a higher comfort, increased thermal insulation capability and filtration
performance to the end-product (Azam et al., 2022). However, usually only macroporous
structures can be obtained using conventional manufacturing techniques. Therefore, the
creation of aerogel textile composites may provide answers to issues brought about by each of
the constituent parts.

Table 1: Thermal Conductivities of Some Insulation Materials at Room Temperature

Material Thermal Conductivity (W/mK) Reference
Extruded polystyrene 0.032 (p=28 kg/m?®) (Al-Ajlan, 2006;
Ulker et al., 2014)
Polyurethane board 0.023 (p=28 kg/m°) (Al-Ajlan, 2006;
Ulker et al., 2014)
Glass fiber 0.035 (p=30 kg/m?®) (Al-Ajlan, 2006;
Ulker et al., 2014)
Rock wool 0.042 (p=50 kg/m?) (Al-Ajlan, 2006;
Ulker et al., 2014)
Light weight concrete 0.120 (p=551 kg/m?) (Al-Ajlan, 2006;
Ulker et al., 2014)
Silica aerogel 0.016 (p=100-130 kg/m?3) (Bisson et al.,
2004: Ulker et al.,
2014)
Resorcinol formaldehyde aerogel 0.012 (p=157 kg/m®) (Luetal., 1992;
Ulker et al., 2014)
Polyurea aerogel 0.019 (p=118 kg/m®) (Lee et al., 2009;
Ulker et al., 2014)

2. AEROGELS AND THERMAL INSULATION

2.1. Aerogels

Aerogels are usually prepared by a sol-gel technique followed by aging, solvent exchange and
drying processes (Payanda Konuk et al., 2023). Depending on the type of the aerogel that will
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be produced, precursors are initially dissolved in an appropriate solvent in which a specific
catalyst is added to initiate hydrolysis reactions. Subsequent condensation using another type
of catalyst leads to gelation thereby creating a hydrogel which is then subjected to aging and
solvent exchange steps where the structure is strengthened and the solvent within the pores is
exchanged for the subsequent drying. There are three drying methods used to produce aerogels
such as ambient pressure drying, freeze drying and supercritical drying (Sahin et al., 2017). The
most effective technique is supercritical drying as it can preserve the delicate porous structure.
Inorganic, organic or hybrid aerogels can be synthesized using an appropriate precursor.
Moreover, aerogels can be produced in different shapes such as monolithic, nano or
microparticles, powders or fibers (Maleki et al., 2016; Ulker & Erkey, 2014).

2.2. Thermal Insulation with Aerogels

Due to their exceptional low thermal conductivities attributed to their highly porous
structure, aerogels are accepted as effective thermal insulation materials. The thermal
conductivity of silica-based aerogels can be as low as 0.012 W/m.K (Tukhtamisheva et al.,
2024). To use aerogels in thermal insulation applications, it is first necessary to thoroughly
understand heat transfer mechanisms. Heat transfer in a porous media can be achieved via
conduction, convection or radiation. Heat can be transferred by electronic conduction along
with phonon conduction of the solid matrix and by gaseous conduction (Ulker et al., 2014).
Complex 3D structure of the aerogels can hinder the heat transfer through solid skeleton with
several interfaces, pores and defects (Z. Liu et al., 2025). In addition, as pore sizes of aerogels
are smaller than the mean free path of the gas molecules, collisions between the gas molecules
and the pore wall dominate the collisions between the gas molecules (Ulker et al., 2014). The
so-called Knudsen effect reduces the gaseous thermal conductivity. In addition, those pores can
also hinder the flow of gas molecules thereby preventing heat transfer by convection. On the
other hand, radiative heat transfer is based on the scattering from the interfaces and grain
boundaries and is affected by adsorption and reemission within the porous material. Radiation
becomes dominant mainly at high temperatures. To reduce the radiative thermal conductivity,
materials should be strong IR absorbers (Hrubesh & Pekala, 1994). Thus, opacifiers can also
be added into aerogels if their IR absorbency is not sufficient.

2.3 Aerogel-Textile Composites

These properties of aerogels make them very appealing for thermal insulation
applications. However, the widespread application of these materials is hindered by their costly
manufacturing and poor mechanical performance. Thus, the preparation of aerogel composites
while retaining the thermal insulation properties would be a good option for thermal insulation
purposes. Textiles, mostly known to be used for clothing purposes, can be one of the alternative
solutions which would improve the mechanical properties of aerogel while imparting a porous
structure to the textile (Azam et al., 2022). Thermal insulation is one of the many uses for
aerogel textile composites. In the early 1990s, a flexible aerogel blanket was produced which
then led to subsequent research involving aerogel-based textiles (Ulker et al., 2014). In addition,
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Aspen Aerogels has manufactured several silica aerogel based textile composites such as
Spaceloft ® , Cryogel ® , and Pyrogel ® for industrial use.

There are mainly three methods used to synthesize aerogel based textiles (Azam et al., 2022).
The primary technique is to synthesize both constituents separately and then use a different
approach such as padding, thermal bonding, lamination or electro spraying to combine them.
Another method is to combine aerogels and textiles during the synthesis stage, thereby
synthesizing the aerogel structure within the textile or adding fibers or fabrics to the precursor
solution of aerogel before the gelation. And the last method is to prepare aerogel fibers and
produce a textile using those fibers.

3. RECENT ADVANCES IN AEROGEL TEXTILE COMPOSITES

Xiaong et al. prepared an aerogel encapsulated textile by applying silica aerogel into textiles
using laser treatment and lamination method (Xiong et al., 2018). Three layered composite
structure was prepared, having nonwoven fabrics at both outer layers and aerogel granules into
one of the layers containing several engraved holes. Those composites were then investigated
for their thermal insulation performance. It was shown that the voids (holes) filled with aerogel
granules resulted in improved thermal resistance while air filled holes enhanced thermal
insulation performance. Another research involved the preparation of sugarcane bagasse
aerogels encapsulated within nonwoven fabrics of recycled wool, denim shoddy and cotton
apparel (Subramoniapillai & Deivasigamani, 2026). The resulting thermal conductivity values
ranged from 33.40 to 41.3x10° W/mK indicating their comparable thermal insulation
performance to conventional insulation materials. In the study of Liu et al., synthesized silica
aerogels (which were also hydrophobically treated) were impregnated onto fabrics as a coating
and also as an interlayer to produce composites (J. Liu et al., 2026). Based on the results,
optimum thermal properties were achieved when the aerogel addition in the interlayer fabric
structure was around 7 wt. %.

Aerogel textile composites which are prepared during aerogel preparation are also under
investigation for thermal insulation purposes. In the study of Liu et al., a flexible polyimide (P1)
aramid composite was prepared using freeze drying and softening process (Y. Liu et al., 2023).
Resulting microporous Pl aerogel/aramid composites had better mechanical properties and
good thermal insulation performance. It was shown that increasing the amount of Pl in the
composite resulted in better thermal insulation performance. Thermal conductivities were as
low as 0.031 W/mK. In the study of Xu et al., a silica, polyimide and aramid fiber aerogel
composite was prepared by sol-gel technique (Xue et al., 2023). The substrate of the heat
insulation layer was selected as aramid fiber which was then combined with silica/polyimide
aerogels. By modifying the concentration of polyimide in the aerogel, different thermal
insulation properties were obtained. When the PI concentration was 0.8%, the thermal
conductivity of the composite was found as 3.91 W/cm°C and 3.97 W/cm°C x10* on the front
and back respectively, which were lower than the pure aramid fiber. In another study, a novel
fabric reinforced polybenzoxazine aerogel was prepared (Zhou et al., 2025) . Needle Quartz
fiber (NQF) was used as the reinforcement and a binary monomer gelation method was used to
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achieve gelation without needing any catalysts. The resulting material improved mechanical
properties and low thermal conductivities around 0.055 W/mK. In addition, even the
composites were repeatedly immersed in water and subjected to high temperatures, they showed
dimensional stability and kept their efficient thermal insulation performance.

The last and most recent method used to prepare aerogel textile composites is to manufacture
aerogel-based fibers. They have great potential in thermal insulation but usually suffer from
poor mechanical properties and high chemical requirements (Zhu et al., 2025). Zhu et al.
prepared aerogel fibers from biodegradable sodium alginate and cellulose (Zhu et al., 2025).
The authors improved the mechanical properties of the fibers by incorporating cellulose with a
high degree of fibrillation into bacterial nanocellulose. Fibers with enhanced mechanical
performance also had low thermal conductivity such as 0.039 W/mK. Xiao et al. used a
kinetically controlled acid -triggered assembly strategy to prepare aramid nanofiber aerogel
fibers which will have both good mechanical performance and high thermal insulation
capability (Xiao et al., 2026). The resulting material had a thermal conductivity around 22
mW/mK and a tensile strength of 83.1 MPa and were proposed for thermoregulating textiles.
In another study, another core-shell structured aerogel fiber was prepared with cellulose acetate
shell and silk fibroin core (Shi et al., 2026). Final fibers had excellent mechanical properties
with 28.18 MPa stress at break and 104% strain at break. Furthermore, knitted fabric of those
fibers showed impressive thermal insulation across a temperature range from -40°C to 160°C
mostly attributed to their hierarchical and highly porous structure.

Huang et al. used water bath wet spinning and gradient solvent exchange method to prepare
regenerated cellulose aerogel fibers (Huang et al., 2025). Resulting fibers had excellent
mechanical properties with a tensile strength of 16.56 +/- 1.48 MPa. Moreover, fabrics that are
manufactured with those fibers showed a very good thermal insulation performance (39.13
mW/mK). Another group investigating cellulose aerogel fibers synthesized bacterial
cellulose/graphene oxide aerogel fibers via wet spinning with surface modification (Yu et al.,
2025). Based on the results, it was shown that the fibers had satisfactory thermal insulation
performance. To overcome the limitation of low mechanical strength of aerogels, Wu et al.
encapsulated fibers with a stretchable later similar to the structure of a polar bear hair (Wu et
al., 2023). With the addition of the layer, fibers were stretchable up to 1000% strain compared
to 2% of the original aerogel fibers. Moreover, fibers kept their stable thermal insulation
properties after 10000 stretching cycles. In another study using the idea of polar bear hair’s
porous structure, researchers prepared polyimide aerogel fibers by a simple freeze-spinning
method (Y. Wang et al., 2020). Fibers exhibited excellent thermal insulation property
particularly at high temperatures and were suggested to be used as thermoregulating textiles. In
a recent study, Want et al. synthesized cellulose acetate thermoplastic polyurethane aerogel
fibers for personal thermal management (X. Wang et al., 2026). They have then deposited a
polydopamine coated phase-change microcapsule layer onto the aerogel fabric surface which
also had promising mechanical robustness. The final fabric achieved a passive insulation effect
of 3.6°C relative to human body while maintaining the insulation capabilities of the aerogel
component.
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4. CONCLUSION

Due to the excellent thermal insulation properties of aerogels mainly attributed to their
nanoporous structure, they are actively investigated for thermal insulation applications.
However, their costly production process combined with poor mechanical performance led
researchers to find alternative ways to benefit from their thermal properties. One of those
methods is to prepare composite materials based on aerogels without compromising their
thermal performance. Based on recent studies, it is shown that aerogel textile composites are an
active research area for thermal insulation applications. They are used not only for building
insulation but also for thermal protective clothing, for aerospace applications and fire
management purposes. While aerogels impart porosity to textiles, textiles improve the
mechanical properties of aerogels thereby creating materials with high potential for thermal
insulation applications. There are different ways that are employed to prepare aerogel textile
composites resulting in satisfactory results for various thermal insulation applications. It is
thought to be promising to produce aerogel fibers and then use them to make fabrics especially
when the mechanical properties of the manufactured fibers are improved.
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OZET

Cift ylzeyli (bifacial) fotovoltaik (PV) paneller 6n ve arka yiizeylerine ulagsan i1sinimdan
yararlanarak elektrik enerjisi iiretmektedir. Ancak panel calisma sicakliginin yiikselmesi
elektriksel performansi olumsuz etkilemektedir. Bu nedenle panel sicakliginin kontrol edilmesi
ve ylzeyde daha homojen sicaklik dagiliminin saglanmasi PV sistemlerinin performansi
acisindan onemlidir. Faz degisim maddeleri (PCM) yiiksek gizli 1s1 depolama kapasiteleri
sayesinde pasif termal yonetimde etkili bir yontemdir. Buna karsin diisiik termal iletkenlikleri
1s1 transferini sinirlandirmaktadir. Bu calismada kanatli yeni tip bir 1s1 degistiricisi ile
nanopargcacik katkili PCM kullaniminin ¢ift yiizeyli PV panelin termal ve elektriksel davranisi
iizerindeki etkilerinin deneysel olarak incelenmesi amaglanmaktadir. Deneysel ¢alismada dort
farklh sistem karsilastirilacaktir. Bunlar referans PV paneli, PV + saf laurik asit, PV + %98
laurik asit ve %2 Al2Os ile PV + %98 laurik asit ve %2 MgO sistemleridir. Nano Al.Os ve nano
MgO pargaciklar1 laurik aside kiitlece %2 oraninda ayr1 ayr1 ilave edilecektir.
Nanoparcaciklarin PCM igerisinde homojen dagilimint saglamak amaciyla ultrasonik
karistirma yontemi kullanilacaktir. Saf ve nanoparcacik katkili PCM karisimlart kanatli 1s1
degistiricisi i¢erisinde uygulanacaktir. Béylece saf PCM kullaniminin etkisi ile nanoparcacik
katkisinin sagladig: ilave termal iyilesme ayr1 ayr1 degerlendirilebilecektir. Deneyler kapali
ortamda kontrollii yapay 1siklandirma altinda gerceklestirilecektir. Isinim siddeti piranometre
ile Olgllecektir. Panel ve sistem sicakliklari Arduino tabanli veri toplama sistemi ile
kaydedilecek ve kizilotesi sicaklik Olger ile kontrol edilecektir. Termal kamera ile panel
yiizeyindeki sicaklik dagilimi ve sicaklik homojenligi incelenecektir. Panel gerilim degerleri
Arduino sistemi tizerinden es zamanl olarak kaydedilecektir. Elde edilecek veriler yardimiyla
farkli termal yonetim uygulamalarinin panel sicakligi ve elektriksel ¢ikti lizerindeki etkileri
karsilastirtlacaktir. Calismanin ¢ift yiizeyli PV paneller i¢in nanopargacik destekli pasif termal
yonetim sistemlerinin gelistirilmesine ve uygun nano PCM se¢iminin belirlenmesine katki
saglamasi beklenmektedir.

Anahtar Kelimeler : Cift Yiizeyli PV, Faz Degisim Maddesi, Laurik Asit, Nano Al.Os, Nano
MgO, Termal Y6netim.
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OZET

Madencilik projelerinde ekonomik sinir tendrii (COG), cevher ile atigin ayrilmasini saglayan
statik bir esik olmaktan 6te, maden omrii boyunca Net Bugiinkii Degerin (NBD) maksimize
edilmesinde kullanilan stratejik bir karar degiskenidir. Bu ¢aligmada, varsayimsal bir barit
yatagi i¢in ekonomik sinir tenoriiniin digsal maliyet ve risk kosullarina duyarliligir dinamik bir
optimizasyon yaklasimiyla incelenmistir. Calismanin matematiksel temeli Lane yaklasimina
dayanmakta; firsat maliyeti, reklamasyon maliyeti ve ¢caligmada tanimlanan Bolgesel Lojistik
Giivenlik ve Sermaye Erisim Primi (G) aym karar yapisinda ele alinmaktadir. Jeolojik
modelleme agamasinda karotlu sondaj verilerinden {i¢ boyutlu cevher kati ve blok model
olusturulmus, tendr dagilimi kestirilmis ve agik ocak hacimleri hesaplanmistir. Model
sonucunda yaklagik 21,63 milyon ton barit rezervi, 79,67 milyon ton pasa ve 3,68 ton/ton
dekapaj orani belirlenmistir. Finansal analizde 200 $/ton satis fiyati, %90 tesis verimi, 2,50
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milyon ton/yil isleme kapasitesi, 45 milyon $ sermaye maliyeti ve %10 iskonto orani temel
alinmistir. G faktorii 12, 22 ve 32 $/ton olmak iizere ii¢ risk diizeyinde test edilmistir. Temel
senaryoda basabas COG %25,00 ve maksimum NBD 1,353 milyar $ iken, G=22 $/ton
diizeyinde basabas COG %31,17’ye yiikselmis ve NBD 1,216 milyar $’a gerilemistir. Ekstrem
G=32 $/ton senaryosunda ise basabas COG %37,34’¢ yiikselmis, maksimum NBD 565,01
milyon $’a diismiis ve dinamik model ilk yillarda yiiksek tenorlii bloklara yonelen belirgin bir
high-grading stratejisi tiretmistir. Bulgular, 6zellikle yiiksek tonajli endiistriyel hammaddelerde
lojistik risklerin ekonomik sinir tendrii ve proje degeri lizerinde dogrudan belirleyici oldugunu;
cevresel ve dissal risk maliyetlerinin uzun donemli iiretim planlamasina entegre edilmesi
gerektigini gostermektedir.

Anahtar Kelimeler: Ekonomik Sinir Tendrii, Lane Algoritmasi, Net Bugiinkii Deger, Barit,
Lojistik Risk, Dinamik Maden Planlamas.

ABSTRACT

In mining projects, the economic cut-off grade (COG) is more than a static threshold used to
distinguish ore from waste; it is a strategic decision variable for maximizing Net Present Value
(NPV) throughout the life of a mine. In this study, the sensitivity of the economic cut-off grade
to external cost and risk conditions was investigated for a hypothetical barite deposit using a
dynamic optimization approach. The mathematical framework of the study is based on Lane’s
approach, integrating opportunity cost, reclamation cost, and the Regional Logistics Security
and Capital Access Premium (G), as defined in this study, within a unified decision framework.
During geological modeling, a three-dimensional ore solid and block model was constructed
from core drilling data, grade distribution was estimated, and open-pit volumes were calculated.
The model yielded approximately 21.63 million tonnes of barite reserves and 79.67 million
tonnes of waste, corresponding to a stripping ratio of 3.68 t/t. The financial analysis was based
on a selling price of $200/t, a processing recovery of 90%, an annual processing capacity of
2.50 million tonnes, a capital cost of $45 million, and a discount rate of 10%. The G factor was
tested at three risk levels: $12, $22, and $32/t. Under the base-case scenario, the break-even
COG was 25.00% and the maximum NPV was $1.353 billion. At G=$22/t, the break-even COG
increased to 31.17%, while the NPV decreased to $1.216 billion. Under the extreme G=$32/t
scenario, the break-even COG increased to 37.34%, the maximum NPV declined to $565.01
million, and the dynamic model generated a pronounced high-grading strategy that prioritized
higher-grade blocks during the early years of production. The findings demonstrate that
logistics-related risks can directly influence both the economic cut-off grade and project value,
particularly for high-tonnage industrial mineral operations, and that environmental and external
risk costs should be incorporated into long-term production planning.

Keywords: Economic Cut-Off Grade, Lane Algorithm, Net Present Value, Barite, Logistics
Risk, Dynamic Mine Planning.
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1. GIRIS

Acik ocak madenciliginde sinir tendriiniin (cut-off grade, COG) belirlenmesi, cevher ve pasa
ayriminin  Otesinde, iiretim kapasitesinin kullanimini, isletme Omriinii, nakit akislarinin
zamanlamasini ve proje net bugiinkii degerini (NBD) dogrudan etkileyen stratejik bir karar
problemidir. Geleneksel basabas sinir tendrii yaklasimlari, belirli bir donemde gelir ve
maliyetlerin dengelendigi ekonomik esigin belirlenmesine dayanirken, Lane yaklagimi
madencilik, zenginlestirme ve rafinasyon kapasite kisitlarin1 paranin zaman degeri ve firsat
maliyeti ile birlikte degerlendirerek NBD’yi maksimize eden dinamik bir sinir tendrii politikasi
gelistirmektedir (Lane, 1988). Bu nedenle optimum sinir tendrii, sabit bir teknik esikten ziyade
cevher fiyati, maliyetler, kapasite kisitlar1 ve zaman faktoriine bagl olarak maden Omri
boyunca degisebilen ekonomik bir karar degiskenidir.

Lane yaklagiminin bu temel yapis1 giincel arastirmalarda farkli optimizasyon teknikleriyle
genisletilmektedir. Ahmadi ve Bazzazi (2020), acik ocaklarda optimum simir tendriiniin
belirlenmesinde meta-sezgisel optimizasyon yaklasiminin uygulanabilirligini ortaya koyarken,
Goycoolea ve arkadaslar1 (2021) Lane algoritmasinin matematiksel yapisini yeniden incelemis
ve uygulamadaki giiclii yonlerini gostermistir. Paithankar ve arkadaslar1 (2020) {iretim
siralamasi ile dinamik sinir tendrlerini es zamanli ve stokastik olarak optimize etmistir. Daha
yakin tarihli ¢alismalarda iiretim hizi ile sinir tendriiniin es zamanli optimizasyonu (Godarzi ve
ark., 2025), stoklama politikalari ile sinir tenoriiniin biitiinlesik degerlendirilmesi (Khalifi ve
ark., 2025) ve stokastik fiyat kosullarinin dogrudan COG modeline dahil edilmesi (Muttaqin ve
ark., 2025) oOne c¢ikmaktadir. Bu gelismeler, sinir tendrii optimizasyonunun statik bir
hesaplamadan degisen ekonomik kosullart ve belirsizlikleri dikkate alan dinamik bir karar
problemine dogru evrildigini gostermektedir.

Dinamik sinir tenorii politikalarinin 6nemi, fiyat ve maliyet belirsizliklerinin yiliksek oldugu
madencilik projelerinde daha da artmaktadir. Emtia fiyatlarindaki degisimler blok degerlerini,
uzun donemli tiretim planin1 ve NBD’yi dogrudan etkileyebilmektedir. Madziwa ve arkadaglar
(2023), emtia fiyat tahminlerini stokastik maden planlama modeliyle biitiinlestirirken, Lotfi ve
arkadaglar1 (2024) emtia fiyat1i belirsizligi altinda iki asamali stokastik programlama
yaklagimiyla uzun donemli agik ocak tliretim planlamasini ele almistir. Githiria ve arkadaslari
(2025) makine Ogrenmesi tabanli fiyat tahminlerini COG politikasiyla iliskilendirirken,
Muttaqin ve arkadaslart (2025) stokastik fiyat kosullarin1 dogrudan COG optimizasyonuna
dahil etmistir.

Ekonomik belirsizliklerin dnemli bir diger boyutu lojistik, tagima ve tedarik zinciri kosullaridir.
Ozellikle barit gibi yiiksek tonajlarda iiretilen ve iiriin degerinin tasima maliyetlerine duyarli
oldugu endiistriyel hammaddelerde, maden sahasi ile pazar arasindaki lojistik yap1 proje
ekonomisinin énemli bilesenlerinden biridir. Bununla birlikte, giincel COG literatiirii agirlikli
olarak tiretim, isleme, stoklama, fiyat ve kapasite kisitlarina odaklanmakta; lojistik giivenlik ve
sermayeye erisimden kaynaklanan digsal maliyetlerin dogrudan dinamik COG politikasina
aktarilmasi daha siirli kalmaktadir. Bu ¢alisma s6z konusu digsal etkiyi ayri bir senaryo
parametresiyle goriiniir kilmay1 amaglamaktadir.
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Sinir tendrii optimizasyonunda giderek 6nem kazanan bir diger konu ¢evresel yiikiimliiliikklerin
ekonomik modele dahil edilmesidir. Geleneksel yaklasimlarda rehabilitasyon ve reklamasyon
maliyetleri ¢ogunlukla maden Omriiniin sonunda ortaya c¢ikan yiikiimliliikler olarak
degerlendirilirken, giincel ¢alismalar bu maliyetlerin iiretim kararlariyla birlikte ele alinmasinin
optimum COG ve NBD iizerinde dogrudan etkili olabilecegini gostermektedir. Amedzrovi ve
Agyei (2022), seyreltme ve atik rehabilitasyon maliyetlerinin dikkate alinmasinin optimum
simir tendriinli yiikseltebildigini ve NBD’yi azaltabildigini gdstermistir. Amirshenava ve
arkadaslar1 (2021) acik ocak reklamasyon maliyetlerinin tahmin edilmesine yonelik modeller
gelistirirken, Badakhshan ve arkadaslar1 (2023) madencilik projelerinin ¢evresel maliyetlerini
nicel olarak degerlendirmistir. Benzer sekilde, Cetin ve Dalgi¢ (2025) rehabilitasyon maliyetini
farkli tilkenme oranlariyla birlikte dinamik programlama temelli sinir tendrii optimizasyonuna
dahil etmistir. Bu ¢aligmalar, gevresel ylikiimliiliiklerin yalnizca proje sonu maliyeti olarak
degil, ekonomik cevher tanimini etkileyebilecek aktif bir planlama degiskeni olarak ele
alinabilecegini gostermektedir.

Bununla birlikte, gtncel literatiriin blyik bélima metalik madenlere odaklanmaktadir. Barit
ve diger endiistriyel minerallerde Lane tabanli dinamik sinir tendrii optimizasyonunun; lojistik
riskler, sermayeye erisim kosullar1 ve cevresel yiikiimliiliiklerle birlikte degerlendirildigi
uygulamalar oldukca sinirlidir.

Bu ¢aligmada, varsayimsal bir agik ocak barit isletmesi i¢in Lane yaklagimina dayali dinamik
sinir tendrii ve NBD modeli olusturulmus; klasik ekonomik parametrelere ek olarak lojistik
giivenlik ve sermayeye erisim kosullarin1 temsil etmek lizere Bolgesel Lojistik Giivenlik ve
Sermaye Erisim Primi (G) ad1 verilen senaryo tabanli bir maliyet parametresi tanimlanmustir.
Ayrica reklamasyon maliyetinin smir tendrii ve proje degeri iizerindeki etkisi
degerlendirilmistir. Boylece ¢alismanin temel amaci, G parametresindeki degisimin dinamik
COG ve NBD uzerindeki etkisini incelemek ve cevresel yukimliliklerin ekonomik modele
dahil edilmesinin sonuglarini ortaya koymaktir. Calismanin barit gibi literatiirde sinirli bicimde
ele alinan bir endiistriyel mineral lizerinde gerceklestirilmesi, mevcut arastirma boslugu
acisindan ayrica 6nem tasimaktadir.

2. MALZEME VE YONTEM
2.1. Jeolojik Veri Seti ve Ug Boyutlu Modelleme

Calisma, gergek bir isletmeye ait olmayan ancak damar tipi barit cevherlesmesini temsil edecek
sekilde olusturulmus varsayimsal bir pilot veri setine dayanmaktadir. Karotlu sondaj verileri;
sondaj agz1 koordinatlari, kuyu yonelim bilgileri, litoloji ve analiz-tenor tablolar1 bigiminde
diizenlenerek bir madencilik paket programina aktarilmistir. Sondajlarin ii¢ boyutlu
dogrulamasinin ardindan cevherlesme sinirlari kesitler iizerinde belirlenmis, kesitlerin tel kafes
yaklagimiyla birlestirilmesi sonucunda kapali ii¢ boyutlu cevher kat1 olusturulmustur.

Cevher katist igerisinde blok model tanimlanmis, sinir bolgelerinde geometrik kayiplar
azaltmak amaciyla alt bloklama uygulanmistir. Sondaj verileri cevher kat1 ile sinirlandirilmus,
1,5 m sabit uzunlukta kompozitlenmis ve nihai veri setinde 1493 kompozit nokta elde
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edilmistir. Blok modelde yogunluk, litoloji ve barit tenorii (%BaSOa) 6znitelikleri tanimlanmis;
tendr kestirimi ve gorsellestirme islemleri tamamlanmustir.

2.2. Rezerv ve Ac¢ik Ocak Hacim Analizi

Ug boyutlu model ve agik ocak geometrisi birlikte degerlendirilerek toplam kazi, cevher ve pasa
miktarlar1 hesaplanmustir. Barit icin 4,20 t/m3, yan kayag icin 2,75 t/m? yogunluk degerleri
kullanilmistir. Nihai hacim hesabinda toplam kazi hacmi 34.121.338 m?; barit rezervi
21.629.378 ton; pasa miktar1 79.671.587 ton olarak belirlenmistir. Buna gore agirlikga dekapaj
orani 3,68 ton pasa/ton cevherdir.

2.3. Dinamik Ekonomik Sinir Tenorii Modeli

Optimizasyon modelinin teorik temeli Lane’in dinamik sinir tenorii yaklagimina dayanmaktadir
(Lane, 1988). Geleneksel COG denkleminde yer alan iiretim, isleme, sabit gider, satis fiyati,
satig-pazarlama gideri ve tesis verimine ek olarak firsat maliyeti (Fi), reklamasyon maliyeti (1)
ve Bolgesel Lojistik Giivenlik ve Sermaye Erisim Primi (G) modele dahil edilmistir. Basgetin
ve Nieto (2007) tarafindan Lane yaklasimina eklenen optimizasyon faktorii (o) iteratif ¢oziim
icinde kullanilarak NBD’yi maksimize eden sinir tenorii politikasi aranmistir.

Temel finansal girdiler; 200 $/ton satis fiyati, 20 $/ton satis ve pazarlama maliyeti, 20 $/ton
isleme maliyeti, 3,50 $/ton madencilik maliyeti, %90 tesis verimi, 5 $/ton reklamasyon
maliyeti, 12 milyon $/y1l sabit gider, 2,50 milyon ton/y1l isleme kapasitesi, 45 milyon $ sermaye
maliyeti ve %10 iskonto oranidir. Digsal riskin etkisini sinamak i¢in G=12, G=22 ve G=32 $/ton
olmak tizere ii¢ senaryo olusturulmustur. G degerleri gergek bir isletmeden tiiretilmis
istatistiksel katsayilar olmayip, diisiik-orta-yiiksek digsal risk kosullarini karsilastirmak
amaciyla varsayimsal senaryo degerleri olarak belirlenmistir. Temel ekonomik girdiler Cizelge
1’de toplu olarak sunulmustur.

Cizelge 1. Dinamik sinir tendorii optimizasyonunda kullamlan temel ekonomik girdiler.

Parametre Temel deger Birim Aciklama

Satig fiyati 200 $/ton Barit konsantresi
Isleme maliyeti 20 $/ton Cevher hazirlama
Madencilik maliyeti | 3,50 $/ton Kaz1 ve sokiim
Satig-pazarlama 20 $/ton Satig/dagitim
Reklamasyon 5 $/ton Cevresel yukimlulik
Tesis verimi 90 % Metalirjik verim
Isleme kapasitesi 2,50 Mt/yil Yillik kapasite
Sabit gider 12 M$/yil Yillik

CAPEX 45 M$ Sermaye maliyeti
Iskonto orani 10 % Yillik
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Cizelge 1°deki girdiler, tiim senaryolarda G disinda sabit tutulmus; boylece lojistik giivenlik ve
sermaye erisim primindeki degisimin COG ve NBD {izerindeki marjinal etkisinin
karsilastirilmas1 amaglanmustir.

3. BULGULAR VE TARTISMA
3.1. Rezerv ve Tendr-Tonaj Dagilimi

Blok model raporuna gore toplam barit rezervi yaklasik 21,63 milyon tondur. Tenor-tonaj
dagilimi rezervin belirgin bigimde yiiksek kaliteli zonlarda yogunlagtigin1 gostermektedir.
Model raporunda 70-80% BaSOs araliginda yaklasik 8,02 milyon ton, 80-90% araliginda ise
yaklasik 9,28 milyon ton cevher bulunmaktadir. Bu iki sinif birlikte toplam rezervin yaklasik
%80’ini olusturmaktadir. Yiiksek tendrlii bu rezerv yapisi, dinamik modelin artan maliyet
kosullarinda daha segici tiretim politikalart uygulayabilmesine olanak saglamaktadir. Rezervin
tendr siiflarina gore dagilimi Gorsel 1°de gosterilmektedir.

Barit tendr-tonaj dagdilimi

Tonaj (milyon ton)

10-20 20-30 30-40 40-50 50-60 60-70 70-80 80-90 90+
Barit tenor araligi (%BaS0a4)

Gorsel 1. Barit rezervinin tenor simflarina gore tonaj dagilimi.

Gorsel 1, rezervin biylik boliminiun %70-90 BaSOs araliginda yogunlastigini ve maliyet
artiglar karsisinda daha secici bir tiretim politikasinin uygulanabilmesi i¢in yliksek tendrlii bir
rezerv tabani bulundugunu gostermektedir.

3.2. Dinamik Siir Tenorii ve Maden Omrii

Temel senaryoda geleneksel basabas smir tendrii %25,00 olarak hesaplanirken, Lane
yaklagimina dayali dinamik optimizasyonda ilk yil optimum COG %73,40’a yiikselmis ve
ilerleyen yillarda kademeli olarak azalarak sekizinci yilda %38,70 seviyesine gerilemistir.
Burada %73,40 olarak hesaplanan deger basabas smir tendriinii degil, firsat maliyeti ve
optimizasyon faktoriiniin dikkate alindig1 ilk doneme ait dinamik optimum sinir tendriinii ifade
etmektedir.

Dinamik COG’un ilk yillarda daha yiiksek, ilerleyen donemlerde ise daha diisiik degerler almasi
Lane yaklasiminin ekonomik mantigiyla uyumludur. Maden omriiniin baslangicinda ytiksek
degerli malzemenin islenmesi nakit akislarinin daha erken elde edilmesine ve paranin zaman
degeri nedeniyle NBD’nin yiikselmesine katki saglarken, rezervin tikenmesiyle birlikte daha
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diisiik tendrlii malzemenin ekonomik olarak degerlendirilmesi miimkiin hale gelmektedir.
Paithankar ve arkadaslar1 (2020), iiretim siralamasi ile dinamik COG’un es zamanli stokastik
optimizasyonunun ekonomik performansi gelistirebildigini gdstermistir. Godarzi ve arkadaslar
(2025) ise tiretim hizi ve smir tendriinlin es zamanli optimizasyonunun daha biitiinlesik bir
ekonomik karar yapisi saglayabilecegini ortaya koymustur.

Bu nedenle ¢alismada gézlenen COG egilimi yalnizca matematiksel bir sonug degil, ekonomik
degeri yiiksek malzemenin erken dénemlere yonlendirilmesini saglayan dinamik optimizasyon
mantiginin bir sonucudur. Bununla birlikte, kullanilan yatagin varsayimsal olmasi nedeniyle
hesaplanan %73,40-%38,70 aralig1 barit igsletmeleri i¢in genellenebilir bir sinir tenorii araligi
olarak degil, kullanilan teknik ve ekonomik varsayimlara 6zgii bir model sonucu olarak
degerlendirilmelidir.

3.3. Lojistik Giivenlik ve Sermaye Erisim Priminin COG Uzerindeki Etkisi

G parametresinin artirilmasiyla optimum sinir tenoriiniin yiikseldigi belirlenmistir. Bu davranig
ekonomik olarak beklenen bir sonugtur; ¢iinkii ton basina ek maliyetin artmasi, diislik tenorlii
malzemenin ekonomik degerini azaltarak cevher olarak siniflandirilabilmesi igin daha yiiksek
bir minimum tendr gerektirmektedir.

Giincel COG literatiiriinde iiretim, stoklama ve ekonomik kisitlarin biitiinlesik optimizasyonuna
yonelik caligmalar bulunmaktadir. Khalifi ve arkadaglari (2025), COG ile stoklama
politikalarini birlikte ele alarak malzeme ydnetimi kararlarinin ekonomik optimum {izerindeki
onemini gostermistir. Bununla birlikte, lojistik giivenlik ve sermayeye erisim kosullarinin ton
basina ayr1 bir risk primi olarak dogrudan dinamik COG politikasina aktarilmasi yaygin bir
uygulama degildir. Bu nedenle burada kullanilan G parametresi, standart bir Lane degiskeni
degil, digsal ekonomik risklerin etkisini senaryo bazinda simamak amaciyla bu c¢aligma
kapsaminda tanimlanmig bir maliyet bilesenidir.

Bu ¢ergevede sonuglar, G’nin evrensel bir maliyet katsayisi oldugunu degil; digsal lojistik ve
finansman risklerinin ton basma ek maliyete donistiiriilmesi halinde ekonomik cevher
taniminin ve optimum COG politikasinin nasil degisebilecegini gostermektedir.

3.4. Lojistik Riskin NBD Uzerindeki Etkisi

Temel senaryoda elde edilen yaklasik 1,353 milyar $§ maksimum NBD, G parametresinin
yiikselmesiyle belirgin bigimde azalmigtir. En yiiksek risk senaryosu olan G=32 $/ton
diizeyinde NBD’nin yaklasik %58 azalmasi, kullanilan ekonomik varsayimlar altinda lojistik
guvenlik ve sermayeye erisim maliyetlerindeki artigin proje ekonomik degeri iizerinde dnemli
bir etki olusturabilecegini gdstermektedir. Ug risk senaryosunun COG ve NBD sonuglari
Cizelge 2°de karsilastirilmistir.

Cizelge 2. Lojistik risk senaryolarimin ekonomik sinir tenorii ve NBD acisindan karsilastiriimasi.

G Maksimum . . .
(1)
Senaryo (/1) Basabas COG (%) NBD (M$) Dinamik tepki
Temel 12 25,00 1.353,19 [k y11 COG = %73,40
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Orta risk 22 31,17 1.215,51 ik y11 COG = %79,70
Ekstrem risk 32 37,34 565,01 [k y11 COG = %86,00

Bu bulgu, fiyat ve maliyet belirsizliklerinin maden planlama kararlarinda deterministik bir
yaklagimla ele alinmasinin smirliliklarimi da ortaya koymaktadir. Madziwa ve arkadaslari
(2023), emtia fiyat tahminlerini stokastik maden planlamasiyla biitiinlestirirken, Lotfi ve
arkadaslar1 (2024) fiyat belirsizligi altinda iki asamali stokastik programlama yaklagimi
kullanmistir. Daha yeni ¢alismalarda stokastik fiyat kosullarinin dogrudan COG
optimizasyonuna dahil edilmesi (Muttagin ve ark., 2025) ve makine 6grenmesi tabanli fiyat
tahminlerinin COG politikalarina aktarilmasi (Githiria ve ark., 2025), ekonomik belirsizliklerin
giderek daha dinamik bi¢imde modellendigini gostermektedir.

Bununla birlikte, mevcut calismada G parametresi olasiliksal olarak modellenmemis, belirlenen
ii¢ senaryo iizerinden degerlendirilmistir. Dolayisiyla elde edilen sonuglar stokastik risk tahmini
olarak degil, senaryo tabanli ekonomik duyarlilik analizi olarak yorumlanmalidir. Gelecek
caligmalarda G’nin olasilik dagilimlart veya Monte Carlo simiilasyonu aracilifiyla
modellenmesi, lojistik ve finansman belirsizliklerinin NBD {iizerindeki etkisinin daha kapsamli
degerlendirilmesini saglayabilir.

Cizelge 2, G arttikga hem basabas hem de ilk donem dinamik COG’un yiikseldigini, buna
karsilik maksimum NBD’nin 6zellikle yiiksek risk senaryosunda belirgin bicimde azaldigini
gostermektedir. Bu ekonomik tepkinin yonii Gorsel 2 ve Gorsel 3°te gorsel olarak
izlenmektedir. Gorsel 2 maksimum NBD’deki azalmay1, Gorsel 3 ise basabas sinir tendriindeki
artig1 gostermektedir.

Lojistik risk primine gére maksimum NBD degisimi

1300 +

=

N

(@]

o
1

1100 +
1000 ~
900 +
800 A

700 A

Maksimum NBD (milyon $)

600 A

T T T T T T T T T
12.5 15.0 17.5 20.0 22.5 25.0 27.5 30.0 32.5
Bélgesel lojistik glvenlik ve sermaye erisim primi, G ($/ton)

Gorsel 2. Bolgesel lojistik risk primine (G) gore maksimum Net Bugiinkii Deger degisimi.
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Risk senaryolarina gére basabas sinir tenéru
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Gorsel 3. Bolgesel lojistik risk primine (G) gore basabas simir tendrii degisimi.

Gorsel 2 ve Gorsel 3 birlikte degerlendirildiginde, G=12-22 $/ton araligindaki degisime kiyasla
G=32 $/ton senaryosunda NBD kaybinin daha keskin oldugu; buna karsilik basabas COG’un
risk primiyle birlikte diizenli bigimde yiikseldigi goriilmektedir.

3.5. Reklamasyon Maliyetinin Ekonomik Etkisi

Reklamasyon maliyetinin modele dahil edilmesi sinir tendriinii yiikseltirken NBD’nin
azalmasina neden olmustur. Bu sonug, c¢evresel yiikiimliiliiklerin yalnizca isletme sonunda
ortaya cikan sabit bir maliyet olarak degerlendirilmesi yerine iiretim ve ekonomik cevher
siiflandirmasi kararlarina dogrudan aktarilmasinin 6nemini gostermektedir.

Amedzrovi ve Agyei (2022), seyreltme ve atik rehabilitasyon maliyetlerinin COG
optimizasyonuna dahil edilmesinin optimum sinir tendriinii yiikseltebildigini ve proje
ekonomik degerini azaltabildigini bildirmistir. Amirshenava ve arkadaslar1 (2021) agik ocak
reklamasyon maliyetlerinin nicel tahminine yonelik regresyon tabanli modeller gelistirirken,
Badakhshan ve arkadaslar1 (2023) ¢evresel maliyetlerin maden projelerinde nicellestirilmesinin
ekonomik degerlendirmeler agisindan 6nemini ortaya koymustur. Cetin ve Dalgi¢ (2025) ise
rehabilitasyon maliyetini dinamik programlama temelli COG optimizasyonuna dahil ederek
cevresel maliyet ile iiretim kararlarinin birlikte degerlendirilebilecegini gostermistir.

Bu acidan mevcut ¢alismanin sonuglari giincel literatiirle uyumludur. Bununla birlikte ¢alisma,
reklamasyon maliyetini barit gibi endiistriyel bir mineralin Lane tabanli dinamik COG modeli
icerisinde lojistik ve finansman riskiyle birlikte degerlendirmesi agisindan farklilasmaktadir.
Literatiirde gelismis COG modellerinin biiyiik boliimiiniin metalik yataklara uygulandigi ve
barit i¢in dogrudan Lane tabanli uygulamalarin olduk¢a smirli oldugu dikkate alindiginda, bu
yaklagim ¢alismanin temel katkilarindan biri olarak degerlendirilebilir.

3.6. Genel Degerlendirme ve Calismanmin Simirhihiklar:

Sonuglar birlikte degerlendirildiginde, optimum sinir tenoriiniin yalnizca cevher tenéri, {iriin
fiyat1 ve klasik madencilik/isleme maliyetlerine bagli olmadig1; zaman degeri, firsat maliyeti,
lojistik ve finansman kosullar1 ile ¢evresel yiikiimliiliklerin de ekonomik cevher tanimini
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degistirebildigi goriilmektedir. Bu yoniiyle ¢aligma, Lane tabanli COG yaklagimini digsal risk
ve cevresel maliyet bilesenleriyle genisleten senaryo temelli bir uygulama sunmaktadir. Barit
gibi endiistriyel mineraller i¢in bu tiir biitiinlesik uygulamalarin sinirli olmasi, yaklagimin
aragtirma acisindan énemini artirmaktadir.

Bununla birlikte, ¢alisma varsayimsal bir barit yatagi ve Onceden belirlenmis ekonomik
senaryolar lizerinde gergeklestirilmistir. G parametresi gergek bir isletmeden elde edilmis
istatistiksel bir risk katsayis1 degil, lojistik giivenlik ve sermayeye erisim kosullarinin ekonomik
etkisini sinamak amaciyla olusturulmus senaryo tabanli bir degiskendir. Benzer sekilde {iriin
fiyati, maliyetler ve reklamasyon giderleri deterministik degerlerle temsil edilmistir. Bu
nedenle elde edilen mutlak COG ve NBD degerleri gercek barit isletmelerine dogrudan
genellenmemelidir. Gelecek galismalarda gergek isletme verileri, stokastik fiyat ve maliyet
modelleri, lojistik kesinti olasiliklar1 ve ¢evresel maliyet dagilimlarinin birlikte kullanilmasi
modelin uygulama giicilinii artiracaktir.

4. SONUCLAR

Bu caligmada varsayimsal bir barit yatagi i¢in ii¢ boyutlu jeolojik modelleme, a¢ik ocak hacim
analizi ve dinamik ekonomik siir tendrii optimizasyonu biitiinlesik bicimde
degerlendirilmistir. Calismanin baslica sonuglari asagida 6zetlenmistir:

* Modelleme sonucunda yaklasik 21,63 milyon ton barit rezervi, 79,67 milyon ton pasa ve 3,68
ton/ton agirlik¢a dekapaj orani belirlenmistir.

* Temel senaryoda G=12 $/ton igin gelencksel basabas COG %25,00 iken, dinamik
optimizasyon sonucunda maksimum NBD yaklasik 1,353 milyar $ olarak hesaplanmistir.

» G=22 $/ton diizeyinde basabas COG %31,17’ye yiikselmis ve maksimum NBD 1,216 milyar
$’a gerilemistir; model ilk y1l COG’u yaklasik %79,70’e ¢gikararak daha giiglii bir high-grading
politikasi iiretmistir.

» Ekstrem G=32 $/ton senaryosunda basabas COG %37,34’¢, ilk donem dinamik COG ise
yaklasik %86’ya ylikselmis; maksimum NBD 565,01 milyon $’a diismiis ve ekonomik iiretim
omrii belirgin bi¢imde kisalmistir.

« Incelenen senaryolarda lojistik risk priminin artmasi basabas ve dinamik COG degerlerini
yiikseltirken maksimum NBD’yi azaltmis; en belirgin ekonomik kayip G=32 $/ton
senaryosunda goriilmiistiir.

* Reklamasyon maliyetinin COG kararina entegre edilmesi, ¢evresel yiikiimliiliiklerin rezerv
siniflamasi ve liretim planlamasinin aktif bir bileseni olarak ele alinabilecegini gostermektedir.

Sonug olarak ekonomik smnir tendrii, 6zellikle fiyat ve lojistik kosullarinin degisken oldugu
endiistriyel hammadde projelerinde sabit bir deger olarak ele alinmamalidir. Maden 6mrii
boyunca firsat maliyeti, dissal lojistik riskler ve ¢evresel yiikiimliiliiklerle gtincellenen dinamik
COG politikalar, degisen kosullara daha uyarlanabilir bir tiretim plan1 sunmaktadir. Gelecek
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caligmalarda satis fiyati ve maliyetlerin olasilik dagilimlartyla temsil edildigi stokastik
modellerin, Monte Carlo analizi ve jeolojik belirsizlik ile birlikte ele alinmasi dnerilmektedir.
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OZET

Alkali-silika reaksiyonu (ASR), beton icerisindeki alkaliler ile agregada bulunan reaktif silis
fazlarmin etkilesimi sonucu olusan ve zamanla genlesme, gatlak gelisimi ve dayaniklilik
kaybma yol agabilen 6nemli bir bozunma mekanizmasidir. Bu c¢aligmada farkli jeolojik
ozelliklere sahip ii¢ agrega kaynaginin tek basina ve farkli harman oranlarinda kullanilmasiyla
ASR genlesmesinin azaltilabilirligit ASTM C1260 hizlandirilmis har¢ cubugu ydntemiyle
arastirilmistir. Deney programinda {i¢ saf agrega ile bunlarin %25/%75, %50/%50, %75/%25
ve esit oranl tiglii kombinasyonlarindan olusan toplam 13 karisim grubu ve 34 har¢ ¢ubugu
degerlendirilmistir. 25%25%285 mm boyutlarindaki numuneler 24 saatlik 6n kiir ve 80 °C suda
kosullandirma sonrasinda 1 N NaOH ¢ozeltisinde 80 °C’de bekletilmis; 3., 7. ve 14. giinlerde
boy degisimleri dl¢lilmiistiir. Saf agregalar arasinda 14 giinliik en yiiksek genlesme %0,2456
ile Agrega B’de belirlenmistir. Harmanlama ile genlesme azaltilabilmis; en diisiik degerler %75
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Agrega C - %25 Agrega B (%0,1753), esit oranli liglii karisim (%0,1755) ve %25 Agrega C -
%75 Agrega A (%0,1772) karisimlarinda elde edilmistir. Bununla birlikte test edilen 13
karigimin tamami 14 giinliik %0,10 sinir degerinin {izerinde kalmistir. Dolayisiyla incelenen
harman araliginda yalnizca agrega oranlarmin degistirilmesi ASR riskini giivenli sinira
indirmemis, ancak genlesmede yaklasik %29’a varan goreli azalma saglamistir. Bulgular,
reaktif agrega kaynaklarinin tamamen diglanmasi yerine harmanlama yoluyla riskin
azaltilabilecegini, ancak bu saha i¢in mineral katki kullanimi, farkli agrega kaynagi ilavesi veya
daha kapsamli karisim optimizasyonu gibi ek Onlemlere gereksinim bulundugunu
gOstermektedir.

Anahtar Kelimeler: Alkali-Silika Reaksiyonu, ASTM C1260, Reaktif Agrega, Agrega
Harmanlama, Beton Dayaniklilig1, Optimizasyon.

ABSTRACT

Alkali-silica reaction (ASR) is an important deterioration mechanism resulting from the
interaction between alkalis in concrete and reactive silica phases in aggregates, potentially
leading to expansion, cracking, and loss of durability over time. In this study, the potential to
reduce ASR-induced expansion by using three aggregate sources with different geological
characteristics, individually and in various blending proportions, was investigated using the
ASTM C1260 accelerated mortar bar method. The experimental program comprised a total of
13 mixture groups and 34 mortar bars, including three individual aggregates, binary blends at
25/75%, 50/50%, and 75/25% proportions, and an equal-proportion ternary blend. Specimens
measuring 25x25x285 mm were subjected to 24 h of initial curing followed by conditioning in
water at 80 °C and subsequent immersion in 1 N NaOH solution at 80 °C. Length changes were
measured at 3, 7, and 14 days. Among the individual aggregates, Aggregate B exhibited the
highest 14-day expansion, at 0.2456%. Blending reduced the expansion, with the lowest values
obtained for the 75% Aggregate C - 25% Aggregate B blend (0.1753%), the equal-proportion
ternary blend (0.1755%), and the 25% Aggregate C - 75% Aggregate A blend (0.1772%).
Nevertheless, all 13 mixtures exceeded the 14-day threshold value of 0.10%. Therefore, within
the investigated blending range, adjusting aggregate proportions alone was insufficient to
reduce ASR risk to an acceptable level, although a relative reduction in expansion of up to
approximately 29% was achieved. The findings indicate that ASR risk associated with reactive
aggregate sources can be mitigated through blending rather than their complete exclusion;
however, additional measures, such as the use of supplementary cementitious materials,
incorporation of an alternative aggregate source, or more comprehensive mixture optimization,
are required for the investigated site.

Keywords: Alkali-Silica Reaction, ASTM C1260, Reactive Aggregate, Aggregate Blending,
Concrete Durability, Optimization.

1. GIRIS
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Agregalar beton hacminin yaklasik %60-75’ini olusturdugundan betonun mekanik davranisi,
gecirgenligi, dayanikliligi ve servis Omrii {lizerinde belirleyici bir role sahiptir. Agrega
seciminde basing dayanimi, asinma direnci ve su emme gibi fiziksel-mekanik 6zelliklerin yani
sira mineralojik ve kimyasal 6zelliklerin de dikkate alinmasi gerekir. Beton yapilarda uzun
donemli hasara neden olan énemli i¢sel reaksiyonlardan biri alkali-silika reaksiyonudur (ASR).
ASR, betonun gozenek cozeltisindeki alkali hidroksitlerin agregadaki reaktif silis fazlari ile
reaksiyona girmesi ve su alarak sisebilen alkali-silika jelinin olusmasiyla gelismektedir
(Diamond, 1997; Ichikawa ve Miura, 2007; Gao ve ark., 2013; Moreira ve ark., 2021). Bu
reaksiyon sonucunda meydana gelen jel yapisi, ortamdan nemi emerek hacimsel olarak
genislemekte ve beton matrisi igerisinde ¢ekme gerilmeleri olusturarak c¢atlak gelisimine ve
yapisal biitiinliigiin kaybina neden olmaktadir. Bu bozunma siireci, betonun porozitesini
artirarak zararli iyonlarin niifuzunu kolaylastirmakta ve yapi elemanlarinin 6ngdriilen servis
Oomirlerini ciddi oranda kisitlamaktadir (Yildirirm, 2018). Alkali ile aktiflestirilmis
baglayicilarin kullanimi durumunda, bu sistemlerdeki ytiksek alkali i¢erigi ASR kaynakli hasar
riskini daha da kritik hale getirmektedir (Cirkin ve Aydin, 2025). Literatiirde yer alan
caligmalar, beton karisimindaki alkali miktarmin artirilmasinin - reaktif agregalarin
belirlenmesinde bir yontem olarak kullanilabilecegini ancak bu yaklasimin laboratuvar
performans testlerinde yaniltict sonuglar dogurabilecegini vurgulamaktadir (Lindgard ve ark.,
2012).

ASR’nin gelisimi yalnizca agrega mineralojisine bagl degildir; ¢imento alkaliligi, nem,
sicaklik, agrega tane boyutu ve reaktif silis miktar1 gibi degiskenler reaksiyon kinetigini
etkilemektedir. Bu nedenle potansiyel reaktif agregalarin beton {liretiminden Once hizli
laboratuvar yontemleriyle degerlendirilmesi 6nem tagimaktadir. ASTM C1260 hizlandirilmis
har¢ ¢ubugu yontemi, yiiksek sicaklik ve alkali konsantrasyonu altinda kisa siirede genlesme
egilimini ortaya koymasi nedeniyle yaygm bir On tarama testidir. Bununla birlikte
hizlandirilmig testlerin saha kosullarindaki uzun dénem performansin tek basina kesin
gostergesi olmadigr ve gerektiginde petrografik inceleme veya daha uzun sireli beton prizma
deneyleriyle desteklenmesi gerektigi bilinmektedir.

Reaktif bir agrega kaynagimin tamamen kullanim dig1 birakilmasi ekonomik ve kaynak
verimliligi acisindan her zaman en uygun ¢éziim olmayabilir. Reaktif agreganin daha diisiik
reaktivite gosteren bagka bir kaynakla uygun oranlarda harmanlanmasi, toplam genlesmeyi
azaltabilecek bir muhendislik yaklagimidir. Adigiizel ve arkadaslari (2018), farkli reaktivite
diizeylerine sahip agregalarin karisim tasarimi yoluyla optimize edilmesinin ASR riskini
giivenli sinirlara ¢ekebildigini gostermistir. Ancak harman davranigi dogrusal olmak zorunda
degildir ve baz1 bilesimlerde pessimum etki goriilebilir. Ancak, harman davranisi dogrusal
olmak zorunda degildir ve bazi1 bilesimlerde pessimum etki gorulebilir. Pessimum oran olarak
adlandirilan bu kritik esik degerinde, reaktif agrega miktar1 genlesmeyi maksimum seviyeye
tagiyarak beklenen iyilesmenin aksine hasar riskini artirabilmektedir (Simsek ve ark., 2022;
Uygunoglu, 2016).

Bu galismanin amaci, li¢ farkli agrega tiirlinlin saf ve ikili/iicli harmanlarinin ASTM C1260
kosullarindaki genlesme davranisini karsilagtirmak, harmanlamanin ASR riskini azaltma
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diizeyini belirlemek ve test edilen karigimlar iginde minimum genlesmeyi saglayan bilesimleri
ortaya koymaktir. Calismada ‘optimizasyon’, giivenli esik altinda bir karisim bulundugu
varsayimiyla degil, mevcut deney uzay: igerisinde genlesmenin minimize edilmesi anlaminda
kullanilmistir.

2. MALZEME VE YONTEM
2.1. Agrega Kaynaklari ve Deneysel Tasarim

Calismada farkli jeolojik ozelliklere sahip iki agrega isletmesinden temin edilen ii¢ agrega
grubu kullanilmistir. isletme ve ticari kaynak adlarini anonimlestirmek amacityla numuneler bu
bildiride Agrega A, Agrega B ve Agrega C olarak kodlanmigtir. Agregalarin jeolojik ve
petrografik 6zellikleri calisma kapsaminda incelenmis; tek eksenli basing dayanimi verileri de
malzeme karakterizasyonuna destek olarak degerlendirilmistir. Ozellikle bazi &rneklerde
yliksek mekanik dayanim ve silislesmis doku gézlenmesi, ASR agisindan reaktif silis fazlarinin
Onemini artiran bir 6zellik olarak degerlendirilmistir.

Deneysel tasarimda ii¢ saf agrega ve bunlarn ikili ve iiclii kombinasyonlar1 hazirlanmustir. ikili
karigimlarda %25/%75, %50/%50 ve %75/%25 oranlari, iiclii karisimda ise yaklasik esit
(%33/%33/%33) oranlar1 kullanilmistir. Toplam 13 farkli agrega karisim grubu ve 34 harg
cubugu test edilmistir.

Cizelge 1. Test edilen agregalarin tek eksenli basin¢ ve dogal birim hacim agirhik degerleri.

Agrega A Agrega B Agrega C
Parametre (Diyabaz) (Kumtas1) | (Meta Kumtas)
Tek Eksenli Basing (UCS - MPa) 143 54 121
Dogal Birim Hacim Agirlik (g/cm3) 2,7 2,6 2,4

2.2. ASTM C1260 Hizlandirilmis Har¢ Cubugu Deneyi

Agregalarin potansiyel alkali reaktivitesi ASTM C1260 hizlandirilmis har¢ cubugu yontemiyle
belirlenmistir. Agregalar standardin 6ngordiigii tane boyutlarina hazirlanmis ve 25x25%285
mm boyutlarinda har¢ ¢ubuklart {iretilmistir. Harclarda agrega/¢imento orani kiitlece 2,25,
su/cimento oran1 0,47 olarak uygulanmustir. U¢ numunelik seri icin 440 g ¢imento ve 990 g
agrega kullanilmistir.

Numuneler kaliplarda 24 saat bekletildikten sonra kaliptan ¢ikarilmis, 80 °C sicakliktaki suda
24 saat kosullandirilmis ve sifir okumalar1 alinmistir. Ardindan numuneler 1 N NaOH
cozeltisinde 80 °C sabit sicaklikta tutulmus; 3., 7. ve 14. giinlerde uzunluk karsilagtirma
okumalar1 yapilmistir. Boyca uzama yiizdesi, baslangi¢ dl¢iimiine gore boy degisiminin 6lgii
boyuna orani iizerinden hesaplanmustir.

Boyca uzama (%) = (AL / Lo) x 100 (¢D)]
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Degerlendirmede 14 giinliik %0,10 genlesme degeri karsilastirma esigi olarak kullanilmistir.
Bu calismada karigimlar yalmizca reaktif/nonreaktif siniflandirma agisindan degil, ayni
zamanda birbirlerine gére genlesmeyi azaltma performanst bakimindan da karsilagtirilmistir.

3. BULGULAR VE TARTISMA
3.1. Saf Agregalarin ASR Davranisi

Saf agrega serileri arasinda 14. giin sonunda en yiiksek boyca uzama %0,2456 ile Agrega B’de
belirlenmistir. Agrega C %0,2330, Agrega A ise %0,2183 genlesme gostermistir. Bu ii¢c degerin
de %0,10 esiginin belirgin bi¢cimde iizerinde olmasi, incelenen saf agrega kaynaklarinin
hizlandirilmis deney kosullarinda potansiyel ASR riski tasidigini gostermektedir (Salim ve
Moro, 2025).

Agrega B’nin 7. glinde %0,1077 ile esik degeri asmis olmasi da diger saf agregalara gére daha
hizl1 bir genlesme kinetigine isaret etmektedir. Bununla birlikte hizlandirilmig har¢ ¢ubugu
deneyinin yliksek alkali ve sicaklik kosullarinda gerceklestirildigi goz oniinde bulundurulmaly;
saha performansina iliskin nihai degerlendirmeler tamamlayici testlerle desteklenmelidir.

3.2. Harmanlama ile Genlesmenin Azaltilmasi

Agrega harmanlama, saf agregalara kiyasla birgok bilesimde 14 giinliik genlesmeyi azaltmistir.
Agrega A - Agrega B ikilisinde en diisiik sonug %50/%50 karisiminda %0,1806 olarak elde
edilmistir. Buna karsilik %25 Agrega A - %75 Agrega B karisiminin %0,2445 degerine
ulagmasi, karisim davranisinin dogrusal olmadigini géstermektedir. Bu sonug, belirli oranlarda
reaktif fazlarin toplam reaksiyon kosullarini daha elverisli hale getirebildigi pessimum davranis
olasiligtyla uyumludur (Renning ve ark., 2021).

Agrega A - Agrega C ikilisinde en diisiik deger %25 Agrega C - %75 Agrega A karisiminda
%0,1772; Agrega B - Agrega C ikilisinde ise %75 Agrega C - %25 Agrega B karisiminda
%0,1753 olarak belirlenmistir. Esit oranli {i¢lii karisimin %0,1755 degeri de deney setindeki en
diisiik sonuglardan biridir. Bdylece en reaktif saf karisim olan %100 Agrega B’ye gore
genlesme yaklasik %28,6 oraninda azaltilmistir.

0.25 1

—-==- ASTM C1260 esik degeri (%0,10)
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Gorsel 1. Test edilen 13 agrega karisiminin 14 giinliik ASR genlesme degerleri.

Gorsel 1, harmanlama ile genlesme seviyesinin 6nemli 6lgiide degistirilebildigini, ancak test
edilen hi¢bir kombinasyonun %0,10 sinir degerinin altina inmedigini agik¢a gdstermektedir.
Bu nedenle mevcut deney uzayinda ‘optimum’ karisim, giivenli bir bilesim degil, genlesmeyi
en diisiik seviyeye indiren bilesim olarak degerlendirilmelidir.

3.3. Zamana Bagh Genlesme Davranisi

Tiim karisimlarda deney siiresi ilerledik¢e genlesme artmustir. Ik 3 giinliik degerler genel
olarak diisiik kalmis, 7. glin sonrasinda karisimlar arasindaki fark belirginlesmis ve en giiclii
artis 7.-14. glin araliginda ger¢eklesmistir. Bu durum, yalnizca erken yas okumalarina gore
reaktivite karar1 verilmesinin yaniltict olabilecegini ve ASTM C1260°in 14 giinliik izleme
sliresinin 6nemini ortaya koymaktadir.

0.25 1 -~ 100 Agrega B
=~ 50 Agrega A-50 Agrega B
=@~ 25 Agrega C-75 Agrega A
=@~ 75 Agrega C-25 Agrega B
@ Ugli %33 kansim
—-- ASTM esik %0,10

0.20 A

0.15 A

T e = ™ i

Boyca uzama (%)

0.05 A

3 7 14
Deney suresi (gln)

Gorsel 2. Secilmis yiiksek ve diisiik genlesmeli karisimlarda zamana bagh boyca uzama.

En diisiik 14 giinliik genlesme degerlerini veren karisimlarin 7. giin degerleri yaklasik %0,043-
0,048 araliginda olmasina ragmen 14. giinde %0,175’in lizerine ¢ikmasi, reaksiyonun ikinci
haftada hizlandigini géstermektedir. Ozellikle bu bulgu, 7. giin sonuglarinin tek bagma giivenli
karigim secimi i¢in yeterli olmadigin1 gostermektedir.

3.4. Optimizasyon Ac¢isindan Degerlendirme
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Gorsel 3. En diisiik 14 giinliik genlesme degerine sahip bes agrega karisimi.

Deneysel karisimlar igerisinde minimum genlesme %75 Agrega C - %25 Agrega B bilesiminde
(%0,1753) elde edilmistir. Bu degeri esit oranl {i¢lii karisim (%0,1755), %25 Agrega C - %75
Agrega A (%0,1772), %50 Agrega A - %50 Agrega B (%0,1806) ve %50 Agrega C - %50
Agrega B (%0,1877) izlemistir. Bu siralama, Agrega C’nin bazi harmanlarda toplam
genlesmeyi diisiirme potansiyeli bulundugunu gostermektedir.

Ancak tiim karigimlarin esik tlizerinde kalmasi nedeniyle, yalnizca bu {i¢ agrega kaynaginin
oranlarini degistirmek ASR riskini ASTM C1260’a gore kabul edilebilir diizeye indirmemistir.
Bu bulgu, o6nceki calismalarda nonreaktif veya daha diisiik reaktiviteye sahip bir agrega
bileseninin yliksek oranlarda kullanilmasiyla giivenli genlesme diizeylerine ulasilabildigini
gosteren sonuglardan ayrilmaktadir (Adigiizel ve ark., 2018). Mevcut calismada {i¢ kaynagin
da tek basina reaktif davranmasi, karisim uzaymin giivenli bolgeye ulagmasini sinirlandirmig
gorinmektedir.

Bu nedenle uygulama acisindan iki agamali bir yaklagim onerilebilir: ilk asamada harmanlama
ile genlesmenin miimkiin oldugunca azaltilmasi, ikinci agsamada ise ucgucu kiil, ytliksek firin
ciirufu, silis dumani veya uygun baska bir nonreaktif agrega kaynagi gibi ilave ASR azaltict
onlemlerle karigimin giivenli sinira tasinmasi. Bu 6neri mevcut deney sonuglarindan dogrudan
test edilmis bir sonug degil, elde edilen bulgularin miihendislik acisindan devam g¢alismasina
yonelik yorumudur.

4. SONUCLAR

Ug farkli agrega kaynagi ve bunlarin harmanlariin ASTM C1260 yontemi ile degerlendirildigi
caligmadan asagidaki sonuclar elde edilmistir:

* Saf agregalar arasinda en yliksek 14 giinliik genlesme %0,2456 ile Agrega B, en diisiik saf
agrega genlesmesi ise %0,2183 ile Agrega A numunesinde belirlenmistir.

* Test edilen 13 karigimin tamamu 14 giinliik %0,10 sinir degerinin tizerinde kalmis; dolayisiyla
mevcut karisim araliginda ASTM C1260 agisindan giivenli bir harman elde edilememistir.

* Harmanlama genlesme miktarini azaltabilmistir. En diisiik deger %75 Agrega C - %25 Agrega
B karisiminda %0,1753 olarak belirlenmis ve %100 Agrega B’ye gore yaklasik %28,6 azalma
saglanmistir.

* Esit oranh tglii karisim %0,1755 ve %25 Agrega C - %75 Agrega A karisimi %0,1772 ile
benzer diisiik genlesme performansi gostermistir.

* Baz1 karisimlarda oran degisiminin genlesmeyi monoton bicimde azaltmamasi, agrega
harmanlama optimizasyonunda dogrusal varsayimlarin yeterli olmayabilecegini ve pessimum
davranigin dikkate alinmasi gerektigini gostermistir.

* ASTM C1260 kisa siireli bir 6n tarama yontemi olarak yararlidir; saha kosullarindaki uzun
donem davranis i¢in petrografik inceleme, beton prizma deneyi ve uygun ASR azaltic1 mineral
katki sistemleriyle tamamlayict dogrulama onerilmektedir.
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Sonug olarak, calisma reaktif agrega kaynaklarmin harmanlanmasinin ASR genlesmesini
azaltabilecek bir kaynak yonetimi aract oldugunu, ancak tiim bilesenlerin reaktif oldugu
durumlarda yalnizca harman orant optimizasyonunun yeterli olmayabilecegini ortaya
koymustur. Bir sonraki asamada karisim tasariminin daha sik oran araliklariyla genisletilmesi
ve mineral katki/nonreaktif agrega segeneklerinin modele dahil edilmesi, gergek anlamda
giivenli ve ekonomik bir optimum ¢6ziimiin belirlenmesini saglayabilir.
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ABSTRACT

Glass fibre woven fabric-reinforced polyester composites are widely used in various fields,
including the automotive, marine, wind energy, construction, transportation, and mechanical
industries, due to their superior properties such as high specific strength and stiffness, low
density, corrosion resistance, and design flexibility. The mechanical performance of these
materials depends not only on the type of matrix and reinforcement used but also significantly
on the orientation of the fibres within the composite. In particular, determining the effect of
fibre orientation on the flexural behaviour of composite structures subjected to loading in
different directions is essential for reliable and efficient material design. In this experimental
study, the effect of a -45/+45° biaxial E-glass fibre woven fabric on the flexural behaviour of
polyester-based composites was investigated. Composite plates measuring 300 x 300 x 4 mm3
were manufactured in a layered configuration using the hand lay-up technique. A Metyx
X800E biaxial E-glass fibre woven fabric with a total areal weight of 808 g/m?2 was used as the
reinforcement material. The fabric consisted of 600 Tex fibres oriented in the +45° and -45°
directions. Flexural test specimens were prepared in accordance with ASTM D standards and
tested at a crosshead speed of 5 mm/min. The flexural strength, flexural modulus, and
maximum flexural deformation of the composites were determined. The experimental results
were compared with those of the unreinforced polyester control material. The results
demonstrated that fibre orientation had a significant effect on the flexural properties of the
composites. Compared with the control material, the flexural strength decreased by
approximately 11.7% in the 0° specimen orientation, while it increased by approximately
141.7% in the 45° orientation and decreased by approximately 10.3% in the 90° orientation.
The flexural modulus increased by approximately 104.7%, 181.9%, and 56.1% in the 0°, 45°,
and 90° orientations, respectively. In contrast, the maximum flexural deformation decreased by
approximately 34.2%, 6.8%, and 20.5%, respectively. The highest flexural strength and
flexural modulus were obtained in the 45° specimen orientation, whereas the lowest
deformation was also observed in this direction. Generally, the findings indicate that the 45°
specimen orientation is more effective in terms of load-bearing capacity and stiffness for
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the -45/+45° biaxial woven fabric architecture. The results further demonstrate that fibre
orientation is one of the key parameters governing the strength, stiffness, and deformation
characteristics of woven fibre-reinforced polyester composites.

Keywords: Woven glass fibre, polyester, composite, flexural strength, flexural modulus,
deformation ratio.

1. INTRODUCTION

Polymeric materials are among the most widely used classes of engineering materials, alongside
metals and ceramics, owing to their low density, ease of processing, corrosion resistance, and
the ability to tailor their properties over a wide range through the incorporation of various
additives and reinforcing materials. Polymers are generally classified into three main groups:
thermoplastics, thermosets, and elastomers. Thermoplastic polymers can be softened and
reshaped upon heating, whereas thermosetting polymers cannot be remelted and reshaped once
cured due to the three-dimensional cross-linked network formed during the curing process. This
structural difference provides thermosetting polymers with properties such as high dimensional
stability, stiffness, chemical resistance, and thermal resistance, while limiting their
reprocessability. Epoxy, phenolic, vinyl ester, and unsaturated polyester resins are among the
most widely used thermosetting matrix systems in engineering composites. In particular,
unsaturated polyester resins have an important position in the composite materials industry
owing to their low cost, ease of processing, rapid curing, and compatibility with various
manufacturing methods (Pardini & Brondsted, 2005; Wypych, 2019).

Unsaturated polyester (UP) resins are thermosetting resins obtained by dissolving polyester
chains containing unsaturated bonds in a reactive diluent, typically styrene. During curing,
cross-linking occurs between the unsaturated groups in the polyester chains and the reactive
diluent, resulting in the formation of a three-dimensional, rigid, and insoluble polymer network.
The properties of unsaturated polyester resins can be widely tailored by varying the types of
glycols, saturated and unsaturated acids or anhydrides, their respective proportions, the amount
of reactive diluent, and the curing system. Aromatic structures are reported to impart increased
hardness and stiffness to the resin, whereas aliphatic structures can provide greater flexibility
(Sinha & Srivastava, 2019). In addition, the low viscosity, room-temperature curability, and
relatively simple processing requirements of unsaturated polyester resins enable their use in
various composite manufacturing processes, particularly hand lay-up, spray-up, resin transfer
moulding (RTM), vacuum infusion, and compression moulding.

Unsaturated polyester resins are widely used in numerous applications, including boat and yacht
manufacturing, automotive components, pipes and tanks, water storage systems, structural
elements, roofing and fagade applications, wind energy components, transportation vehicles,
and various machine components. Glass fibre reinforced polyester composites offer significant
advantages, particularly in piping, tank, and marine applications where corrosion resistance is
of critical importance. The principal reasons for the widespread use of unsaturated polyester
resins as composite matrices include their low cost, ease of fabrication, adequate mechanical
properties, and compatibility with different reinforcement systems (Sinha & Srivastava, 2019).
However, because the elastic modulus and tensile strength of neat unsaturated polyester resin
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are relatively limited for many structural applications, continuous or discontinuous fibre
reinforcements are employed to improve its mechanical properties.

In this context, glass fibres are among the most widely used reinforcing materials in unsaturated
polyester-based composites. Their high tensile strength and elastic modulus, relatively low cost,
chemical and corrosion resistance, ease of processing, and ability to form a suitable interfacial
bond with polyester resins have contributed to their widespread use in the composite materials
industry. In particular, E-glass is extensively used in structural composites owing to its balanced
electrical and mechanical properties. The literature indicates that, in addition to being used in
continuous or discontinuous forms, glass fibres can be incorporated into composites as
unidirectional (UD), biaxial, triaxial, multiaxial, chopped strand mat, and woven fabric
reinforcements, with each architecture having a significant influence on the mechanical
behaviour of the resulting composite. The mechanical properties of glass fibre-reinforced
composites are governed not only by the amount of reinforcement but also by the fibre
orientation and fabric architecture within the composite. In woven glass fibre fabrics, fibres are
generally arranged in two orthogonal principal directions, namely 0°/90°, or at specific angles
such as +45°. In addition, —45°/90°/+45° triaxial fabrics and multiaxial reinforcements
consisting of fibre bundles arranged in different orientations are also commonly employed.
Since fibre orientation determines the load-transfer mechanism relative to the reinforcement
direction, composites with different fabric architectures may exhibit substantially different
tensile, compressive, and flexural behaviour even when the same resin and fibre content are
used. In plain weave fabrics, the warp and weft yarns pass alternately over and under one
another, forming a relatively tight and stable structure. Although this architecture provides high
dimensional stability, the crimp of the fibres can reduce their effectiveness in carrying loads
along the loading direction to some extent. In different weave structures, such as plain, twill,
and satin weaves, the frequency of fibre intersections and the degree of fibre crimp vary. In
woven architectures with fewer intersections, reduced fibre crimp may result in higher
mechanical performance under certain loading directions; however, the formability and
dimensional stability of the fabric may also be affected. In addition, while biaxial fabrics
primarily carry loads in two principal directions, triaxial fabrics can provide a more balanced
mechanical response under different loading conditions by incorporating a third fibre
orientation.

The influence of fibre orientation on mechanical behaviour is particularly evident in tensile
testing. Oleiwi et. al. (2014) investigated the tensile properties of woven glass fibre/unsaturated
polyester composites with different fibre volume fractions and fibre orientations in accordance
with the ASTM D638 standard. They reported that both fibre volume fraction and orientation
significantly affected the elastic modulus, tensile strength, and elongation at break. In their
study, a composite containing fine woven glass fibres with a 0°/90° fibre orientation and an
approximately 11% fibre volume fraction exhibited an elastic modulus of 11.5 GPa and an
ultimate tensile strength of 240 MPa, while the elongation at break was reported to be
approximately 2.5%. In addition to woven fabric architecture, the fibre-matrix interfacial
properties play a critical role in the mechanical performance of composites. The efficiency of
load transfer between the fibres and the polyester matrix can directly affect the tensile and
flexural strength of the composite. Accordingly, sizing, coupling agents, and coating systems
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applied to the glass fibre surface are used to improve adhesion between the resin and the fibres.
Pavlidou et al. (2004) investigated the effects of coating E-glass woven fabrics with a silicone
elastomer on the mechanical and impact properties of polyester/woven glass fibre composites.
Their results demonstrated that the amount of coating applied to the fabric surface had a
significant effect on the mechanical properties, toughness, and impact resistance of composites
manufactured using the resin transfer moulding process. The importance of the fibre-matrix
interface is not limited to fabric surface treatments; the chemical structure and curing
characteristics of the unsaturated polyester resin can also affect interfacial bonding and,
consequently, the tensile strength of the composite. Sreekumar et al. (2001) investigated the
effects of different unsaturated polyester resin compositions on the interfacial properties and
tensile strength of E-glass fibre/unsaturated polyester laminates. Their results indicated that
variations in resin composition affected the tensile strength of the laminate by modifying the
flexibility of the cured polyester. An important characteristic of woven glass fibre-reinforced
polyester composites is their ability to provide high specific strength and specific stiffness.
While the polymer matrix distributes the applied load among the reinforcing fibres, the high-
strength glass fibres carry a substantial proportion of the tensile loads, particularly along the
fibre direction. Thus, combining a low-density matrix with a high-strength reinforcement can
provide adequate mechanical performance at a lower weight compared with conventional
metallic materials. Furthermore, glass fibre/unsaturated polyester composites offer significant
advantages in marine and chemically aggressive environments owing to their corrosion
resistance. The widespread application of unsaturated polyester-based composites in marine,
land and sea transportation, water distribution systems, and construction sectors has also been
emphasized in the literature (Sinha & Srivastava, 2019).

Nevertheless, woven glass fibre-reinforced polyester composites also have certain limitations.
First, the inability to remelt and reshape the thermosetting polyester matrix after curing makes
the recycling of these composites more complex than that of thermoplastic composites. In
addition, various damage mechanisms, including weak fibre-matrix interfacial bonding, fibre
breakage, fibre pull-out, matrix cracking, and interlaminar separation, may occur in composites.
In woven fabrics, fibre crimp at crossover points and resin-rich regions may also lead to local
stress concentrations. Therefore, not only the total fibre content but also the fabric architecture,
ply orientation, resin impregnation quality, void content, and interfacial bonding must be
considered collectively when evaluating composite performance. Research aimed at improving
the mechanical performance of glass fibre/unsaturated polyester systems has focused not only
on fabric orientation but also on hybrid reinforcement and the incorporation of nano- and micro-
scale additives. For example, Sapuan et al. (2020) investigated the mechanical properties of
hybrid unsaturated polyester composites reinforced with woven glass and basalt fibres. In
composites manufactured using the hand lay-up method, significant changes in tensile and
flexural properties were observed by hybridizing glass and basalt fibres at different ratios. The
study reported that the tensile strength of the B22.5/G7.5 hybrid composite reached 213.92
MPa, representing a substantial increase compared with the value of 8.14 MPa obtained for neat
polyester. The researchers attributed this improvement to the load-carrying capacity of the high-
strength reinforcement elements and the load-transfer mechanism within the hybrid structure.
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Similarly, the incorporation of various additives into polyester/glass fibre systems has been
investigated as a means of improving mechanical properties. Pedroso et al., 2004 examined the
effects of silane-based coupling agents and organic dispersants on the mechanical and dynamic
mechanical properties of unsaturated polyester and recycled glass fibre-reinforced polyester
sheets. The study demonstrated that the silane coupling agent improved the mechanical
properties, whereas the dispersant used resulted in a reduction in the measured properties. These
findings highlight the decisive role of the fibre-matrix interface in determining the final
performance of the composite. In recent years, the use of nano-fillers has also received
considerable attention for improving the mechanical properties of composites. In one study
investigating the incorporation of carbon-based nano-materials into unsaturated
polyester/woven glass fibre composites, vapor-grown carbon nano-fibres (VGCNFs) were
incorporated into woven E-glass fibre/unsaturated polyester composites. The results showed
that increasing the nano-fibre content up to a certain critical level improved the tensile and
flexural properties, with approximately 2 wt% VGCNF being reported as the critical
concentration providing the maximum mechanical performance. The researchers attributed this
improvement to enhanced mechanical interlocking within the matrix and improved fibre-matrix
interactions resulting from the presence of nano-fibres (Ali et al., 2018).

The fibre volume fraction is another important parameter affecting the mechanical performance
of unsaturated polyester/glass fibre composites. Increasing the fibre content can enhance the
load-carrying capacity and elastic modulus up to a certain range; however, beyond an optimum
value, mechanical performance may fail to increase as expected due to insufficient resin
impregnation, void formation, and fibre-fibre contact. Therefore, a higher fibre content does
not necessarily result in superior mechanical properties. Particularly in manual manufacturing
processes such as hand lay-up, controlling the resin-to-fibre ratio, minimizing voids within the
laminate, and ensuring proper placement of the plies are critical to achieving the desired final
properties. The behaviour of woven fabrics under different loading conditions has also been
investigated in the literature. Owen et al. (1991) examined the static and fatigue behaviour of a
plain woven glass fibre-reinforced composite under uniaxial and biaxial loading and
demonstrated that the damage behaviour of the composite under combined tensile/compressive
and torsional loading could be described using the Tsai—Wu and Tsai—Hill criteria (Owen et al.,
1991). These findings indicate that, in addition to uniaxial tensile behaviour, the multiaxial
loading conditions that may be encountered under actual service conditions should also be
considered in the evaluation of woven glass fibre composites. The effect of fabric architecture
on mechanical properties continues to be investigated in recent studies. Cava and Aslan (2024)
examined the effects of [0,90] and [+45,—45] orientations on the mechanical properties of
woven glass fibre-reinforced composites and reported that the [0,90] orientation provided
higher flexural strength than the [+45,—45] configuration. The maximum flexural strengths
were determined to be 286.51 MPa for the [0,90] composite and 135.94 MPa for the [+45,—45]
composite. These findings clearly demonstrate the extent to which fibre orientation can alter
the load-bearing mechanism and, consequently, the mechanical performance of a composite.
Similarly, the effects of ply number and delamination on tensile strength have been investigated
in woven polyester composites. Paundra et al. (2024) examined the effects of ply number and
delamination on the tensile strength of composites manufactured using a polyester matrix and
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woven glass fibres and demonstrated that ply architecture and delamination behaviour are
important factors affecting the mechanical strength of composite joints.

Taken together, these studies demonstrate that the mechanical performance of woven glass
fibre-reinforced unsaturated polyester composites is not governed solely by the type of resin
and glass fibre used. Rather, it is determined by the combined effects of numerous parameters,
including fibre volume fraction, weave type, fibre orientation, fabric areal weight, number of
plies, fibre-matrix interfacial properties, manufacturing method, curing conditions, and void
content within the composite. In particular, separate evaluation of the 0°, 90°, and +45°
orientations can provide valuable insights into the anisotropic mechanical behaviour of
composites associated with their fabric architecture.

Within this context, investigating the tensile and flexural behaviour of woven glass fibre-
reinforced unsaturated polyester composites at different fibre orientations is important for
characterizing their direction-dependent mechanical performance. In particular, the 0°
orientation provides information regarding the load-carrying capacity of the fibres along the
principal loading direction, the 90° orientation represents the transverse response, while the
+45° orientation provides insight into the behaviour under shear-dominated and off-axis loading
conditions. Therefore, the preparation of glass fibre-reinforced polyester composites with
different fabric architectures in accordance with relevant standards, followed by tensile and
flexural testing in different orientations, represents an important research area for establishing
the relationship between fibre architecture and mechanical performance and for identifying
suitable engineering applications for these composites. In particular, comparing woven glass
fibre fabrics with different architectures, such as Metyx X800, LT800, and XT800, within the
same unsaturated polyester matrix can provide a meaningful contribution to the literature by
revealing the influence of fabric architecture on the directional mechanical properties of
composites. When tensile strength, tensile modulus, elongation at break, flexural strength,
flexural modulus, flexural deformation, and failure mechanisms are evaluated together, such a
comparison enables a comprehensive characterization of the composites not only in terms of
strength but also with respect to stiffness, deformation capacity, and damage behaviour.

2. EXPERIMENTAL

2.1. Materials:

Metyx X800 (—45°/+45°) woven glass fibre fabric was used as the reinforcement material in
this study. A terephthalic-type unsaturated polyester resin, supplied by Boytek Co., Istanbul,
Tirkiye, was employed as the matrix material. Methyl ethyl ketone peroxide (MEKP) was used
as the curing agent to facilitate the curing of the polyester resin at room temperature.

2.2. Preparation of Composites:

Composite laminates were manufactured using unsaturated polyester resin and Metyx X800
(—45°/+45°) woven glass fibre fabric by the hand lay-up technique. The composite laminates
were fabricated in a mould to obtain a nominal thickness of approximately 4 mm. During the
manufacturing process, the woven glass fibre fabric layers were placed onto the mould surface
and thoroughly impregnated with the polyester resin to ensure adequate resin distribution
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throughout the laminate. Methyl ethyl ketone peroxide (MEKP) was added to the resin as a
curing agent to facilitate curing at room temperature. The prepared laminates were allowed to
cure at room temperature, and the composite plates were subsequently removed from the mould
after completion of the curing process. Bending test specimens were then cut from the
fabricated composite plates in the 0°, 45°, and 90° fibre directions. The specimens were cut and
dimensioned in accordance with the requirements of the relevant ASTM D standard. This
approach was adopted to investigate the effect of fibre orientation on the flexural behaviour of
the composite material.

2.3. Flexural Test Procedure

The flexural properties of the woven glass fibre-reinforced unsaturated polyester composites
were determined using a three-point bending test in accordance with ASTM D790 and/or ISO
14125. The tests were conducted at room temperature under controlled environmental
conditions of approximately 50% relative humidity, using a crosshead displacement rate of 10
mm/min. At least three specimens were tested for each fibre orientation, and the arithmetic
mean values of the experimental results were used for further evaluation.

The flexural strength, flexural modulus, and flexural strain of the composite specimens were
determined from the load—displacement data obtained during the three-point bending tests. The
flexural strength was calculated using the following equation:

aPL
T =
P 2bn?
where of is the flexural strength (MPa), P is the maximum applied load (N), L is the support
span (mm), b is the specimen width (mm), and h is the specimen thickness (mm).

The flexural strain was calculated using:
6O

LZ
where ef is the flexural strain (dimensionless), D is the displacement at the midpoint of the
specimen (mm), h is the specimen thickness (mm), and L is the support span (mm).

Ef=

The flexural modulus was determined from the slope of the initial linear portion of the load-
displacement curve according to:
2

E; — Lom

LY
where Ef is the flexural modulus (MPa), m is the slope of the linear portion of the load-
displacement curve (N/mm), L is the support span (mm), b is the specimen width (mm), and h
is the specimen thickness (mm). The calculated flexural strength, flexural modulus, and flexural
strain values were subsequently used to evaluate the effect of fibre orientation (0°, 45°, and
90°) on the flexural behaviour of the Metyx X800 woven glass fibre-reinforced unsaturated
polyester composites.
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3. RESULTS AND DISCUSSION

Figure 1 presents the relationship between the flexural strength and specimen orientation of the
polyester composite reinforced with biaxial X800 (-45°/+45°) woven glass fibre fabric with an
areal density of 800 g/m2. The measured flexural strength values were 80 MPa, 219 MPa, and
81.3 MPa for the specimens cut at 0°, 45°, and 90°, respectively. The neat unsaturated polyester
used as the control material exhibited a flexural strength of 90.6 MPa. When the results are
compared with the control polyester, the specimen tested in the 0° direction showed a flexural
strength of 80.0 MPa, corresponding to a 10.6 MPa decrease or approximately 11.7% reduction
compared with the control material. Similarly, the 90° oriented specimen exhibited a flexural
strength of 81.3 MPa, representing a decrease of 9.3 MPa or approximately 10.3% relative to
the neat polyester. In contrast, a remarkable increase was observed for the 45° oriented
specimen, which reached a flexural strength of 219.0 MPa. This value corresponds to an
increase of 128.4 MPa or approximately 141.7% compared with the control polyester. The
pronounced difference between the 45° orientation and the 0°/90° orientations can be attributed
primarily to the -45°/+45° architecture of the X800 biaxial woven fabric. Since the principal
reinforcement directions of the fabric are oriented at +45°, specimens cut at 45° relative to the
reference direction effectively place a greater proportion of the load-bearing glass-fibre bundles
in a favourable orientation with respect to the applied flexural load. Consequently, a larger
portion of the applied load can be transferred from the polyester matrix to the high-strength
glass fibres. In contrast, specimens cut at 0° and 90° are oriented transverse to the principal
+45° reinforcement directions. Under these conditions, the contribution of the glass fibres to
direct load carrying is reduced, and a greater proportion of the applied load is transferred
through the polyester matrix and the fibre-matrix interface. This results in flexural strengths
slightly lower than that of the unreinforced polyester. The strong influence of fibre orientation
observed in the present study is consistent with previous studies on woven glass-fibre-
reinforced polymer composites. Bilisik and Yolacan (2011) reported that the flexural strength
of E-glass/polyester composites was strongly dependent on yarn orientation and fibre volume
fraction, demonstrating that changes in reinforcement architecture can significantly modify the
flexural response of the composite. Similarly, Cava and Aslan (2024) reported flexural strengths
of 286.51 MPa for [0,90] and 135.94 MPa for [+45,—45] woven glass-fibre composites,
confirming that fibre orientation can substantially alter flexural performance.
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Figure 1. Relationship between bending strength and specimen orientation for a bidirectional X800 -
45/+45 glass fibre woven (800 g/m?) reinforced polyester composite
The present results also demonstrate that the orientation giving the highest flexural strength is

not necessarily the conventional 0° direction; rather, the optimum direction depends on the
architecture of the reinforcement itself. This observation is particularly important for biaxial
fabrics such as X800, in which the principal load-bearing fibres are arranged at £45°. Similar
orientation-dependent behaviour has been reported for woven glass-fibre composite structures,
where changes in fibre orientation resulted in significant differences in flexural stress and
modulus (Keles et al., 2023). Overall, the results indicate that fibre orientation has a dominant
effect on the flexural strength of X800 woven glass-fibre-reinforced polyester composites. The
45° specimen exhibited the highest performance, with a 141.7% improvement over the neat
polyester, whereas the 0° and 90° specimens showed decreases of 11.7% and 10.3%,
respectively. The exceptional performance at 45° is mainly associated with the alignment of the
applied bending stress with the +45° glass-fibre architecture of the X800 fabric, resulting in
more effective stress transfer and higher load-carrying capacity. Therefore, the selection of fibre
orientation should be considered a critical design parameter when X800 biaxial woven glass-
fibre/polyester composites are intended for structural applications.

Figure 2 presents the relationship between the flexural modulus and specimen orientation
of the polyester composite reinforced with biaxial X800 (-45°/+45°) woven glass fibre fabric
with an areal density of 800 g/mz2. The flexural modulus of the neat unsaturated polyester used
as the control material was 1710 MPa. The flexural modulus values obtained for specimens cut
from the composite plate at 0°, 45°, and 90° were 3500, 4820, and 2670 MPa, respectively.
Compared with the control polyester, the specimen tested in the 0° direction exhibited a
flexural modulus of 3500 MPa, corresponding to an increase of 1790 MPa or 104.7%. The
highest flexural modulus was obtained for the 45° specimen, with a value of 4820 MPa,
representing an increase of 3110 MPa or 181.9% relative to the control material. In contrast,
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the 90° specimen exhibited a flexural modulus of 2670 MPa, corresponding to an increase
of 960 MPa or 56.1% compared with the neat polyester. Thus, all three fibre orientations
resulted in higher flexural stiffness than the unreinforced polyester, although the magnitude of
improvement was strongly dependent on specimen orientation. The substantial increase in
flexural modulus after incorporation of the X800 woven glass fibre can be attributed to the high
elastic modulus of the glass fibres and their ability to carry a significant portion of the
applied bending load. During three-point bending, the outer surfaces of the specimen are
subjected to tensile and compressive stresses, and the glass fibre reinforcement restricts
deformation of the polyester matrix. Consequently, the stiffness of the composite becomes
considerably higher than that of the neat resin. The increase from 1710 MPa for the control
polyester to 4820 MPa at 45° demonstrates the strong reinforcing efficiency of the X800 fabric.
The pronounced orientation dependence can be explained by the -45°/+45° biaxial
architecture of the X800 fabric. For the 45° specimen, one of the principal fibre families is
effectively aligned with the principal loading direction, allowing the glass fibres to contribute
more efficiently to load transfer and resistance against bending deformation. Consequently, the
highest flexural modulus was obtained in this direction. In contrast, for the 0° and 90°
specimens, both principal fibre families are oriented obliquely with respect to the specimen
axis, increasing the contribution of the polyester matrix and interfacial shear deformation to the
overall flexural response. The difference between the 0° and 90° results may additionally be
associated with the fabric architecture, local fibre waviness, resin-rich regions, and differences
in the effective load transfer between the two directions.
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Figure 2. Relationship between the flexural modulus of elasticity and the specimen orientation for a
biaxial X800 -45/+45 glass fibre woven, 800 g/m? reinforced polyester composite
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The present findings are consistent with previous research demonstrating that the stiffness of
woven glass-fibre composites is highly dependent on fibre architecture and loading direction.
Bilisik and Yolacan (2011) reported that the flexural properties of E-glass/polyester
composites were affected by yarn orientation, number of layers, and total fibre volume fraction,
confirming the important role of reinforcement architecture in determining composite stiffness.
Similarly, Bilisik and Yolacan (2015) investigated biaxial woven E-glass/polyester composites
and reported bending modulus values ranging approximately from 8.81 to 18.11 GPa,
depending on the fabric configuration, stitching condition, and loading direction. Their results
also demonstrated differences between the warp and weft directions, emphasizing the
directional nature of woven-fibre composites. The strong orientation effect observed in the
present study is also consistent with the general behaviour of glass-fibre-reinforced polymers.
Gonabadi et al. (2022) demonstrated substantial anisotropy in the elastic modulus of GFRP
composites, reporting an elastic modulus of approximately 21.6 GPa for 0°/90° reinforcement
compared with 9.5 GPa for £45° reinforcement under tensile loading. This demonstrates that
changing the angle between the reinforcement and loading direction can substantially modify
composite stiffness. Overall, the results demonstrate that fibre orientation has a significant
influence on the flexural modulus of X800 woven glass-fibre-reinforced polyester
composites. The modulus increased by 104.7%, 181.9%, and 56.1% at 0°, 45°, and 90°,
respectively, relative to the neat polyester. The 45° orientation provided the highest stiffness
(4820 MPa), indicating that the +45° architecture of the X800 fabric can be particularly
effective when the reinforcement direction is appropriately aligned with the dominant bending
load. These results highlight that the orientation of the specimen relative to the woven
reinforcement should be carefully considered when designing structural components from
X800/glass-fibre-reinforced polyester composites.
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Figure 3. Relationship between the maximum strain under bending and the specimen orientation for a
biaxial X800 -45/+45 glass fibre woven, 800 g/m? reinforced polyester composite

Figure 3 presents the relationship between the flexural strain and specimen orientation of the
polyester composite reinforced with biaxial X800 (—45°/+45°) woven glass fibre fabric with
an areal density of 800 g/mz2. The flexural strain of the neat unsaturated polyester used as the
control material was 7.3%. The flexural strain values obtained from the specimens cut at 0°,
45°, and 90° were 4.8%, 6.8%, and 5.8%, respectively. Compared with the control material,
the 0° specimen exhibited a flexural strain of 4.8%, corresponding to a decrease of 2.5
percentage points or 34.2%. The 45° specimen showed a flexural strain of 6.8%,
corresponding to a relatively small decrease of 0.5 percentage points or 6.8% compared with
the neat polyester. In the 90° orientation, the flexural strain was 5.8%b, representing a decrease
of 1.5 percentage points or 20.5% relative to the control. Therefore, the highest deformation
capacity was obtained at 45°, whereas the lowest flexural strain was observed at 0°. The
reduction in flexural strain after incorporation of the X800 woven glass fibre can primarily be
attributed to the restrictive effect of the high-stiffness glass fibres on deformation of the
polyester matrix. Glass fibres possess considerably higher stiffness than the polyester matrix
and consequently limit the ability of the composite to undergo large deformation under bending.
This behaviour is consistent with the increase in flexural modulus observed in the present study.
In particular, the flexural modulus increased from 1710 MPa for the neat polyester to 4820
MPa at 45°, indicating substantially increased resistance to deformation. Therefore, the lower
strain values of the reinforced composites can be considered a direct consequence of their
increased flexural stiffness. The results also demonstrate that specimen orientation
significantly affects the deformation behaviour of the X800 composite. The 45° specimen
exhibited the highest strain value (6.8%), which was very close to that of the neat polyester
(7.3%). This behaviour can be related to the —45°/+45° architecture of the X800 fabric.
Depending on the cutting direction and the orientation of the fibre bundles relative to the applied
bending load, deformation can be accommodated through a greater contribution from fibre
rotation, interfacial shear, and matrix deformation. Consequently, the 45° configuration
exhibited greater deformation before failure than the 0° and 90° configurations. However, this
interpretation should be considered together with the exact definition of the specimen reference
direction used in Figure 3.

The present findings are in agreement with the directional behaviour reported for woven E-
glass/polyester composites. Bilisik and Yolacan (2015) investigated the warp—weft bending
behaviour of biaxial woven E-glass/polyester composites and reported bending strains ranging
approximately from 2.89% to 4.28% in the warp direction and from 2.51% to 4.12% in the
weft direction, depending on the composite architecture and reinforcement configuration. The
authors also demonstrated that changes in fibre architecture and stitching conditions
significantly affected bending strain and stiffness. Generally, the present results indicate that
increasing the glass-fibre reinforcement substantially reduces the flexural strain compared
with neat polyester, while the magnitude of this reduction depends strongly on specimen
orientation. The decreases of 34.2%, 6.8%, and 20.5% at 0°, 45°, and 90°, respectively,
indicate that the 45° orientation provides the greatest deformation capability among the
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investigated directions. This behaviour, together with the previously observed variation in
flexural strength and modulus, confirms that the orientation of the specimen relative to the
+45° architecture of the X800 fabric is a critical parameter governing the flexural
response of the composite.

4. CONCLUSIONS

1. The neat unsaturated polyester exhibited a flexural strength of 90.6 MPa, while the X800
(—45°/+45°) woven glass fibre-reinforced composites showed 80.0, 219.0, and 81.3 MPa at
0°, 45°, and 90°, respectively. Compared with the control, these values correspond to changes
of —11.7%, +141.7%, and —10.3%, respectively. The highest flexural strength was therefore
obtained at 45°.

2. The flexural modulus increased from 1710 MPa for the neat polyester to 3500, 4820, and
2670 MPa at 0°, 45°, and 90°, corresponding to increases of 104.7%, 181.9%, and 56.1%,
respectively. The maximum stiffness was obtained at 45°, demonstrating the significant
reinforcing effect of the X800 +45° architecture.

3. The flexural strain decreased from 7.3% for the control polyester to 4.8%, 6.8%, and
5.8% at 0°, 45°, and 90°, corresponding to reductions of 34.2%, 6.8%, and 20.5%,
respectively. This reduction is mainly attributed to the restriction of matrix deformation by the
high-stiffness glass fibres, consistent with previous findings for woven E-glass/polyester
composites.

4. The results demonstrate that specimen orientation significantly affects the flexural
behaviour of X800-reinforced polyester composites. The 45° specimens provided the
optimum combination of flexural strength (219 MPa), modulus (4820 MPa), and strain
(6.8%), confirming the strong influence of fibre architecture and orientation on load transfer
and deformation behaviour.

5. Considering the three flexural parameters together, the 45° orientation exhibited the most
favourable overall performance. The increased strength and stiffness indicate effective stress
transfer between the polyester matrix and the £45° glass-fibre bundles, while the reduction in
strain reflects the enhanced resistance to bending deformation. Overall, the results confirm
that fibre orientation is a critical design parameter for X800 woven glass fibre/polyester
composites. Their combination of high flexural strength and stiffness, low density, and
corrosion resistance makes them potentially suitable for marine structures, automotive
components, transportation panels, pipes, tanks, construction panels, machine housings, and
lightweight structural applications.
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ABSTRACT

Glass fiber woven fabric-reinforced polyester composites are widely used in automotive,
marine, construction, energy, transportation, and mechanical engineering applications due to
their low density, high specific strength and stiffness, good corrosion resistance, dimensional
stability, and ease of fabrication into various geometries. In particular, the load-bearing capacity
of woven glass fibers in different orientations is an important parameter for understanding the
anisotropic mechanical behaviour of composite materials. In this study, the effect of a biaxial
glass fiber woven fabric with a 0/90° orientation on the tensile behaviour of polyester-based
composites was experimentally investigated. Composite plates with dimensions of 300 x 300
x 4 mm?3 were manufactured in a layered configuration using the hand lay-up technique. A
Metyx LT850E10H-0/90 biaxial E-glass fiber fabric, with 1200 Tex fibers in both the 0° and
90° directions and a total areal weight of 837 g/m2, was used as the reinforcement material.
Tensile specimens were prepared in accordance with ASTM standards and tested at a crosshead
speed of 5 mm/min. Tensile strength, tensile modulus, and elongation at break were evaluated,
and the results were compared with those of the unreinforced unsaturated polyester control
material. The results demonstrated that biaxial glass fiber fabric reinforcement significantly
altered the tensile properties and deformation behaviour of the composite. Compared with the
control material, tensile strength increased by approximately 535%, 142%, and 900% in the 0°,
45° and 90° specimen orientations, respectively. The tensile modulus increased by
approximately 199%, 8%, and 143% in the corresponding orientations. Similarly, the
elongation at break increased by approximately 426%, 545%, and 834%, respectively. The
highest tensile strength and elongation at break were obtained in the 90° orientation, whereas
the highest tensile modulus was observed in the 0° orientation. Overall, the findings
demonstrate that biaxial glass fiber fabric reinforcement substantially improves the mechanical
performance of polyester composites and that specimen orientation has a pronounced influence
on tensile strength, stiffness, and deformation capacity.

Keywords: Biaxial glass fiber, Polyester composite, Tensile strength, Tensile modulus,
Elongation at break
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1. INTRODUCTION

Composite materials are engineered materials produced by combining two or more constituents
with different physical and mechanical characteristics in order to obtain a combination of
properties that cannot be achieved by the individual constituents alone. In general, a composite
consists of a reinforcement phase responsible for carrying the applied load and a matrix phase
that surrounds the reinforcement and facilitates load transfer between the reinforcing elements.
One of the major advantages of composite materials is the possibility of tailoring their
mechanical performance by modifying the type, volume fraction, geometry, architecture, and
orientation of the reinforcement. Their combination of low density, high specific strength, and
high specific stiffness has made fiber-reinforced composites attractive alternatives to
conventional metallic materials in many engineering applications. Accordingly, polymer matrix
composites are extensively employed in aerospace, automotive, marine, wind energy,
construction, transportation, sports equipment, and mechanical engineering applications
(Daniel & Ishai, 2006; Mallick, 2007). The mechanical response of a composite is governed
not only by the intrinsic properties of its constituents but also by the reinforcement architecture
and loading direction. Therefore, anisotropic behavior and the relationship between fiber
orientation and applied loading direction are fundamental considerations in the design and
characterization of fiber-reinforced composite structures (Jones, 1998; Daniel & Ishai, 2006).
Polymer matrix composites constitute an important class of engineering materials because of
their low density, ease of processing, high specific mechanical properties, and compatibility
with a wide range of manufacturing techniques. Thermosetting and thermoplastic polymers can
be employed as matrix materials depending on the intended application and processing
requirements. Among thermosetting matrices, epoxy, vinyl ester, and unsaturated polyester
resins are widely used in fiber-reinforced composites. Unsaturated polyester resins are
particularly attractive because of their relatively low cost, low viscosity, ease of processing,
room-temperature curing capability, and good compatibility with glass fiber reinforcements.
These characteristics make unsaturated polyester-based composites suitable for the
manufacture of large and geometrically complex components. Nevertheless, the mechanical
performance of glass fiber/unsaturated polyester composites is affected not only by the amount
of reinforcement but also by resin formulation, fiber-matrix interfacial adhesion, manufacturing
conditions, void content, and fiber architecture. The fiber-matrix interface plays a critical role
in transferring the applied load from the polymer matrix to the high strength glass fibers,
consequently, interfacial adhesion can have a significant influence on the tensile performance
of the resulting laminate (Barany et al., 2001).

Glass fibers are among the most extensively used reinforcement materials for polymer matrix
composites. E-glass fibers, in particular, are widely employed because of their high tensile
strength, adequate elastic modulus, chemical resistance, thermal stability, and relatively low
cost. Glass fibers can be supplied in several forms, including continuous filaments, roving’s,
chopped strands, mats, and woven fabrics. The selected reinforcement form has a direct
influence on both the manufacturing characteristics and mechanical response of the composite.
Sathishkumar et al. (2014) reported that glass fiber-reinforced polymer composites are widely
employed in engineering applications because of their favorable combination of strength,
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stiffness, flexibility, durability, and chemical resistance. The use of glass fibers in woven form
provides an additional structural advantage because the fibers can be arranged along two or
more principal directions, allowing the applied load to be distributed between different fiber
families. This characteristic is particularly important for structural components subjected to
multidirectional loading conditions.

Woven glass fiber fabrics generally consist of continuous fiber bundles arranged in warp and
weft directions. Compared with unidirectional reinforcements, this architecture can provide a
more balanced load-bearing capability in multiple directions. However, the weaving process
introduces fiber crimp, yarn intersections, and possible differences between the warp and weft
structures, all of which can influence the mechanical performance of the composite.
Consequently, fabric architecture, yarn linear density or Tex value, fiber volume fraction, and
specimen orientation are important parameters governing the tensile response of woven
composites. In a biaxial 0°/90° woven architecture, the applied load is primarily carried by the
fiber bundles aligned with the loading direction. Under off-axis loading, such as at 45°, load
transfer involves a greater contribution from the polymer matrix and the fiber-matrix interface.
As a result, tensile strength, elastic modulus, and elongation at break may vary considerably
with specimen orientation (Jones, 1998; Mallick, 2007).

Several studies have demonstrated that the tensile performance of woven glass fiber-reinforced
polymer composites is strongly dependent on fiber orientation. Zhou and Davies (1995)
investigated the tensile, compressive, and shear behavior of thick woven glass fiber/polyester
laminates and reported that the mechanical properties in the 0° direction could be considerably
higher than those in the 90° direction when the fiber distribution was not perfectly balanced.
Their observations also indicated that damage development was associated with interfacial de-
bonding, delamination, and eventual fiber fracture. These findings demonstrate that woven
fabric architecture influences not only the strength of the laminate but also its damage
mechanisms.

The effect of fabric orientation on composite mechanical behavior was also investigated by
Karaduman et al. (2006), who examined laminates manufactured using different fabric
orientations. Their results showed that the orientation of fabric layers had a substantial influence
on both tensile and flexural behavior. This observation confirms that the mechanical properties
of woven composites cannot be attributed solely to the constituent materials; rather, the
geometric arrangement of the reinforcement within the laminate is also a major governing
factor. Oleiwi et. al. (2014) investigated the tensile properties of woven glass fiber-reinforced
unsaturated polyester composites as a function of fiber volume fraction and fiber orientation.
The composites were manufactured using the hand lay-up technique, and tensile modulus,
ultimate tensile strength, and elongation were evaluated. Their results demonstrated that both
fiber volume fraction and fiber orientation significantly affected the tensile properties. In
particular, the 0°/90° configuration exhibited a different load-bearing response from the £45°
configuration, highlighting the importance of reinforcement orientation in unsaturated polyester
composites. Bilisik and Yolacan (2014) examined the off-axis tensile behavior of multistitched,
multilayer plain-woven E-glass/polyester composites, with particular emphasis on +45° loading
conditions. Their results indicated that both the fabric architecture and stitching configuration
influenced the off-axis tensile response. Such findings emphasize that the angle between the
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applied load and the principal fiber directions is a critical design parameter when evaluating the
tensile performance of woven composites. Cai et al. (2017) experimentally compared
unidirectional and woven glass/epoxy composites under different off-axis tensile loading
conditions. Their results showed that the elastic modulus and tensile strength generally
decreased as the loading direction deviated from the principal fiber direction. They also reported
nonlinear stress-strain behavior for woven fabric composites under off-axis tensile loading.
These observations further demonstrate the strong relationship between reinforcement
orientation and tensile performance in textile-based composite systems.

Zhao et. al. (2019) investigated the tensile damage initiation and final failure behavior of plain-
woven glass fiber composites under on-axis and off-axis loading conditions. Their findings
demonstrated that changes in loading direction produced different damage and failure
mechanisms, confirming the pronounced anisotropic nature of woven glass fiber composites.
Such results indicate that both principal and off-axis loading conditions should be considered
when designing woven composite structures for practical applications. More recent research
has continued to demonstrate the importance of fabric architecture and orientation. Cava et al.
(2024), for example, investigated woven glass fiber composites manufactured using a Metyx
0°/90° glass fabric and examined the effect of different fabric orientations on mechanical
behavior. Their observations highlighted the influence of fiber orientation on mechanical
performance and emphasized the importance of adequate fiber impregnation and minimizing
void formation during composite manufacturing. Generally, the literature indicates that the
tensile behavior of woven glass fiber-reinforced polyester composites is governed by the
combined effects of fiber orientation, fabric architecture, fiber volume fraction, yarn Tex value,
fiber-matrix interfacial adhesion, and manufacturing conditions. However, relatively limited
attention has been given to the systematic characterization of specific commercial woven
fabrics, particularly with respect to their warp and weft yarn Tex values and total areal weight,
and their relationship with tensile performance at different specimen orientations.

Therefore, the present study focuses on the tensile behavior of an Metyx LT800 (0°/90°) biaxial
E-glass woven fabric-reinforced unsaturated polyester composite. The main objective is to
determine the influence of the woven reinforcement architecture and specimen orientation on
the tensile strength, tensile modulus, and elongation at break of the composite. For this purpose,
composite laminates were manufactured and tensile specimens were prepared at 0°, 45°, and
90° relative to the principal fabric directions. The resulting tensile properties were evaluated
and compared with those of the unreinforced polyester control material. The study is intended
to contribute to a better understanding of the direction-dependent mechanical performance of
0°/90° biaxial woven glass fiber composites and to provide useful information for orientation-
based material selection and structural design of woven glass fiber-reinforced polyester
components.

2. EXPERIMENTAL

2.1. Materials:
The composite system was designed using Metyx LT800 (0°/90°) woven glass fiber fabric as
the reinforcement and a terephthalic-type unsaturated polyester resin as the matrix. The
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polyester resin was obtained from Boytek Co., Istanbul, Turkiye, and methyl ethyl ketone
peroxide (MEKP) was employed as the curing agent. The resin system was cured at room
temperature following the incorporation of MEKP.

2.2. Preparation of Composites:

The composite laminates were produced by combining unsaturated polyester resin with Metyx
LT800 (0°/90°) woven glass fibre fabric through a conventional hand lay-up process. A mold
was used to fabricate the laminates with a target thickness of approximately 4 mm. The glass
fibre fabric was sequentially positioned within the mold, and each layer was impregnated with
the polyester resin to promote uniform wetting and minimize resin-rich regions within the
laminate. Methyl ethyl ketone peroxide (MEKP) was incorporated into the polyester resin as
the curing agent, allowing the laminate to cure under ambient conditions. Following completion
of the room-temperature curing process, the consolidated composite plates were demolded. Test
specimens were subsequently prepared from the laminates at 0°, 45°, and 90° relative to the
principal fiber directions. Specimen preparation and dimensional requirements were established
in accordance with the applicable ASTM standard. The selected specimen orientations enabled
the influence of fiber architecture and loading direction on the flexural response of the woven
glass fiber-reinforced polyester composite to be systematically evaluated. The stages of
composite production are shown in Figure 1 below.

Polyester Composite Manufacturing Method and Preparation of Test Specimens
(Metyx LT800 Glass Fabric —~ Hand Lay-Up Technique)
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Figure 1. Production stages of a woven fibre-reinforced unsaturated polyester-based composite
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2.3. Tensile Test Procedure

The tensile properties of the woven glass fiber-reinforced polyester composites were
determined in accordance with ASTM D3039. Tensile tests were performed using a Zwick
Roell Z250 universal testing machine, with a minimum of five specimens tested for each
specimen orientation. The specimens were prepared at 0°, 45°, and 90° with respect to the
principal fiber directions of the composite laminates. All tests were conducted at a constant
crosshead speed of 10 mm/min under ambient laboratory conditions at approximately 50%o
relative humidity. During testing, the applied tensile force and axial deformation of the
specimens were continuously recorded. The tensile strength was calculated as the ratio of the
maximum tensile load to the initial cross-sectional area of the specimen using the equation ¢ =
Fmax/Ao, where o is the tensile strength (MPa), Fmax is the maximum tensile force (N), and
A, is the initial cross-sectional area (mm?2). The tensile elastic modulus was determined from
the slope of the stress—strain curve within the linear elastic region according to E = Ac/As. The
elongation at break was calculated as the percentage ratio of the increase in gauge length at
fracture to the initial gauge length using & = [(Lg — Lo)/Lo] * 100, where Lg and L, represent
the gauge lengths at fracture and before testing, respectively. The resulting tensile strength,
elastic modulus, and elongation-at-break values were compared to evaluate the influence of
fiber orientation on the tensile behavior of the woven glass fiber-reinforced polyester
composites.

3. RESULTS AND DISCUSSION

The relationship between tensile strength and specimen orientation for the LT800 glass fiber
reinforced, 800 g/m?2 polyester composite, woven with a 0° angle at the top and a 90° angle at
the bottom, is shown in Figure 2 below. In the experiments, the tensile strength of the control
material was determined to be 38.9 MPa. For the composite reinforced with Metyx
LT850E10H-0/90 biaxial woven glass fiber, the tensile strengths measured in the 0°, 45°, and
90° specimen directions were 302, 87.3, and 299 MPa, respectively. Accordingly, compared
with the control material, the tensile strength increased by 676.3% in the 0° direction, 124.4%
in the 45° direction, and 668.6% in the 90° direction. Thus, the highest tensile strength was
obtained in the 0° direction, while the value in the 90° direction was also very close to that
obtained at 0°. In contrast, a pronounced reduction in tensile strength was observed in the 45°
direction. This behavior can be explained by the anisotropic structure of the composite and the
relationship between the loading direction and the fiber orientation. In the 0° and 90° specimen
directions, the applied tensile load directly or largely coincides with one of the principal fiber
directions of the woven fabric. Therefore, efficient load transfer from the polyester matrix to
the high-strength E-glass fibers becomes possible. As a result, the fibers become the primary
load-bearing component governing the tensile strength of the composite. In particular, the
relatively close tensile strength values obtained in the 0° and 90° directions indicate that the
LT850 fabric provides effective reinforcement in both principal directions. In contrast, the
relatively low tensile strength of 87.3 MPa in the 45° direction compared with those in the 0°
and 90° directions may be attributed to the fact that the applied load is not aligned with the fiber
axes. Under this loading condition, a significant portion of the tensile load is transferred through
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the polyester matrix and the fiber—matrix interface rather than directly along the fibers. In
addition, fiber shearing, rotation, and interfacial damage may become more pronounced.
Similarly, Ansari et.al. (2022) reported that, in 0°/90° woven GFRP laminates, the fibers
contribute more effectively to load carrying, whereas in +45° laminates, the load-bearing
mechanism is influenced to a greater extent by the fiber—matrix interface. These results are also
consistent with the general trends reported in the literature. Oleiwi et. al. (2014) demonstrated
that fiber volume fraction and fiber orientation have a significant influence on the tensile
strength, tensile modulus, and elongation at break of woven glass fiber/unsaturated polyester
composites. Similarly, Ansari et al. (2022) reported that 0°/90° woven laminates exhibited
higher tensile strength than £45° laminates. The high tensile strengths observed in the 0°/90°
directions and the lower strength in the 45° direction in the present study can therefore be
explained by the same fundamental mechanism. In addition, a study conducted in 1995 on
woven glass fabric/polyester laminates reported that the amount of fiber oriented along the
loading direction significantly affects the tensile properties, resulting in direction-dependent
mechanical behavior. In conclusion, incorporating LT850E10H-0/90 woven glass fiber into the
polyester matrix significantly increased the tensile strength in all specimen directions; however,
the magnitude of this increase depended strongly on the specimen orientation. The 0° and 90°
directions exhibited high-strength, fiber-dominated behavior, whereas the 45° direction
exhibited lower-strength behavior in which matrix and interfacial effects were more
pronounced. Therefore, LT850E10H-0/90 woven glass fiber can be considered a suitable
reinforcement architecture, particularly for structural applications in which the primary loads
are expected to be carried along the 0°/90° directions.
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Figure 2. Tensile strength-specimen orientation relationship for a biaxial LT800 0/90 top/bottom glass
fibre woven, 800 g/m?2 reinforced polyester composite
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Figure 3 shows the relationship between the tensile modulus and the specimen orientation for
a two-axis, LT800 glass fiber-woven, 800 g/m? reinforced polyester composite with an angle
of 0° at the top and 90° at the bottom. In the experiments, the tensile modulus of the control
material was determined to be 1350 MPa. For the composites reinforced with Metyx
LT850E10H-0/90 biaxial woven glass fiber, the tensile modulus values were measured as 5700,
3680, and 5017 MPa in the 0°, 45°, and 90° specimen directions, respectively. Accordingly,
compared with the control material, the tensile modulus increased by 322.2% in the 0° direction,
172.6% in the 45° direction, and 271.6% in the 90° direction. These results demonstrate that
the incorporation of LT850E10H-0/90 woven glass fiber substantially improves the stiffness of
the polyester matrix in all specimen directions. The highest tensile modulus was obtained in the
0° direction, followed by the 90° direction, whereas the lowest value was observed in the 45°
direction. This behavior can be explained by the anisotropic structure of the composite, fiber
orientation, and the relationship between the loading direction and the principal fiber directions.
Since the tensile modulus represents the resistance of a material to elastic deformation, the
presence of high stiffness E-glass fibers along or close to the loading direction enables the fibers
to carry a significant portion of the applied load within the elastic region. Consequently, the
highest tensile modulus of 5700 MPa in the 0° direction indicates efficient load transfer from
the polyester matrix to the glass fibers and a strong contribution of the fibers to the overall
elastic stiffness of the composite.

The relatively high tensile modulus of 5017 MPa in the 90° direction further demonstrates that
the LT850E10H-0/90 fabric provides effective reinforcement in both principal fiber directions.
The relatively small difference between the 0° and 90° values may be associated with
differences in fiber distribution, fiber content, fiber crimp, fiber-matrix interaction, and
specimen preparation. Nevertheless, the high modulus values obtained in both directions
indicate that the elastic response of the composite is predominantly fiber-dominated. In contrast,
the tensile modulus of 3680 MPa obtained in the 45° direction was considerably lower than
those obtained in the 0° and 90° directions, although it remained 172.6% higher than that of the
control material. This reduction can be attributed to the misalignment between the applied
tensile load and the principal fiber directions. Under off-axis loading, the high axial stiffness of
the glass fibers cannot be fully utilized. Instead, a greater contribution is made by matrix
deformation, shear deformation between the fiber bundles, and stress transfer through the fiber—
matrix interface. Consequently, the tensile modulus decreases as the loading direction deviates
from the principal fiber directions.

This interpretation is consistent with the findings reported by Oleiwi et al. (2014) for woven
glass fiber-reinforced unsaturated polyester composites. They reported that both the elastic
modulus and tensile strength increased with increasing fiber volume fraction and that the 0°/90°
fiber orientation exhibited higher elastic modulus and tensile strength than the 45°/—45°
orientation. The authors attributed this behavior to the more effective distribution of the applied
load between the fibers and matrix when the loading direction coincides with the principal fiber
directions. Similarly, Ansari et al. (2022) reported a substantial difference in the tensile
properties of woven glass fiber-reinforced laminates depending on fiber orientation. Their
0°/90° laminate exhibited a Young's modulus of 9.39 GPa, whereas the £45° laminate showed
a considerably lower value of 3.78 GPa. The authors associated the reduction in tensile
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properties at off-axis orientations with the increasing contribution of the fiber-matrix interface
and matrix-dominated deformation.

Therefore, the present results are in good agreement with the general behavior reported in the
literature. The fact that both the tensile strength and tensile modulus exhibit their highest values
in the 0° and 90° directions and lower values in the 45° direction confirms that the mechanical
response of the LT850E10H-0/90 composite is strongly governed by fiber orientation and load-
transfer efficiency. Although the 45° orientation does not allow the fibers to carry the applied
load as efficiently as the principal directions, the tensile modulus remains substantially higher
than that of the unreinforced polyester, demonstrating the significant contribution of the woven
glass fiber reinforcement to the overall stiffness of the composite. In conclusion, incorporation
of LT850E10H-0/90 woven glass fiber increased the tensile modulus of the polyester composite
by 322.2%, 172.6%, and 271.6% in the 0°, 45°, and 90° directions, respectively. The 0° and
90° directions exhibited fiber-dominated and high-stiffness behavior, whereas the 45° direction
showed comparatively lower stiffness because of the off-axis loading condition and the greater
contribution of matrix and interfacial deformation. These findings indicate that LT850E10H-
0/90 woven glass fiber is particularly effective for structural applications in which the principal
loads are expected to act along the 0°/90° directions.
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Figure 3. Tensile modulus-specimen orientation relationship for a biaxial LT800 0/90 top/bottom glass
fibre woven, 800 g/m? reinforced polyester composite

The relationship between elongation at break and specimen orientation for the LT800 glass
fiber reinforced, 800 g/m? polyester composite, woven with a 0° angle at the top and a 90° angle
at the bottom, is shown in Figure 4 below. In the experiments, the elongation at break of the
control material was 7.6%, while the LT850E10H-0/90 woven glass fiber-reinforced
composites exhibited elongation at break values of 24%, 14%, and 34% in the 0°, 45°, and 90°

203



FAR EAST ASIA 7th INTERNATIONAL CONFERENCE ON APPLIED SCIENCES
Aug 20 - 26, 2026 — Tokyo
ISBN NR. : 978-625-8795-39-4

directions, respectively. Compared with the control material, these values represent increases
of 215.8%, 84.2%, and 347.4%, respectively. The highest elongation was therefore obtained in
the 90° direction, whereas the lowest value was observed in the 45° direction. The increase in
elongation at break can be attributed to the anisotropic structure of the composite, fiber
orientation, fiber—matrix interaction, and progressive damage mechanisms. In the 0° and 90°
directions, the tensile load is aligned with the principal fiber directions, allowing effective stress
transfer between the polyester matrix and E-glass fibers. Fiber bundle straightening, matrix
deformation, and progressive interfacial damage can contribute to deformation before final
fracture.

The lower elongation in the 45° direction (14%) can be associated with off-axis loading. In this
orientation, the fibers cannot efficiently carry the load through axial deformation, resulting in
greater contributions from matrix deformation, fiber rotation, shear, and interfacial stresses.
This behavior is consistent with the lower tensile strength and modulus observed in the 45°
direction. The particularly high elongation of 34% in the 90° direction suggests a more
progressive failure mechanism. Factors such as fiber crimp, local fiber distribution, matrix
deformation, and fiber—matrix interfacial behavior may allow greater deformation before final
fracture. Generally, the results demonstrate that fiber orientation significantly affects the
deformation and failure behavior of the composite. While the 0° direction provided the highest
tensile strength and modulus, the 90° direction exhibited the highest elongation at break,
confirming the strongly anisotropic mechanical behavior of the LT850E10H-0/90 reinforced
polyester composite.
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Figure 4. Elongation at break-specimen orientation relationship for a biaxial LT800 0/90 top/bottom
glass fiber woven, 800 g/m? reinforced polyester composite

4. CONCLUSIONS
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The following conclusions were drawn from the experimental study.

1. The incorporation of Metyx LT850E10H-0/90 biaxial woven glass fiber significantly
improved the tensile strength, tensile modulus, and elongation at break of the polyester
composite compared with the unreinforced matrix. This improvement is attributed to the
effective load transfer between the polyester matrix and the E-glass fibers, demonstrating
the strong reinforcing capability of the woven glass fiber.

2. Fiber orientation strongly influenced the mechanical and deformation behavior of the
composite. The principal fiber directions provided higher strength and stiffness, whereas
the off-axis direction exhibited comparatively lower mechanical performance. The
differences in elongation at break among the specimen orientations further confirm the
anisotropic behavior of the LT850E10H-0/90 woven glass fiber-reinforced polyester
composite.

3. Based on the obtained mechanical properties, the Metyx LT850E10H-0/90 woven
glass fiber-reinforced polyester composite is suitable for lightweight structural and
semi-structural applications, particularly in panels, automotive components, marine
structures, wind-energy components, construction elements, and industrial equipment
where high tensile strength and stiffness are required primarily along the principal 0°/90°
loading directions.
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OZET

Dogal afetler; etkilenen {ilkelerin sagligi, altyapisi ve ekonomisi iizerinde 6nemli etkilere
sahiptir. Bu afetlerin etkilerini azaltmak ve afet yonetimi siireglerinin etkinligini artirmak
amaciyla yapay zeka tabanli yontemler gelistirilmistir. Dogal afetlerle ilgili kritik faktorleri
belirlemek ve afet yonetimi siirecini desteklemek tizere, biiyiik veri yiginlarini analiz etmek igin
matematiksel temellere dayali derin 6grenme modellerinden yararlanilmaktadir. Bu makalede,
afet yonetiminde derin 6grenme yontemlerine yonelik s6z konusu matematiksel yaklagimlar ele
alinacaktir. Deprem, sel, orman yangini, heyelan veya tagkin yatagi hasar riski tasiyan bolgeleri
tespit etmek amaciyla uydu goriintiilerinin analizinde; evrigimli sinir aglari, tekrarlayan sinir
aglar1 ve dikkat mekanizmalarini taklit eden sinir aglarina dayali derin 6grenme modelleri
kullanilmaktadir. Ayrica, derin Ogrenme modellerinin performansini artirmak igin
optimizasyon, olasilik teorisi ve dogrusal cebir gibi matematiksel yontemlerden de
yararlanilmaktadir. Bu yontemlerden elde edilen sonuglar, derin 6grenme modellerine yonelik
matematiksel yaklagimlarin; dogal afetlerin meydana gelme olasiligimin tahmin edilmesine,
afetlere iliskin risk analizlerinin iyilestirilmesine ve afet yonetimi siireclerinde karar verme
mekanizmalariin gii¢lendirilmesine 6nemli Ol¢lide katki saglayabilecegini gostermektedir.
S0z konusu yontemler, gelecekte dogal afet yonetimi i¢in ¢ok daha etkili ¢oziimler sunacak

sekilde daha da gelistirilebilir.

Anahtar Kelimeler: Dogal Afetler, Derin Ogrenme, Matematiksel Modelleme, Afet Yonetimi,

Yapay Zeka.
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ABSTRACT

Estimating Value-at-Risk (VaR) and Expected Shortfall (ES) is very important problem
in the field of actuarial science and insurance. Efficient estimation of these risk measures
requires accurate modeling of the claim amounts. In practice, the distribution of claim amounts
is generally right-skewed and heavy-tailed. Therefore, statistical distributions such as
lognormal, log-logistic and Pareto are frequently used for modeling such data in literature.
However, they may be insufficient for modeling both the body and the tail of the data.
Motivated by this issue, the distribution of claim amounts is assumed to be Kumaraswamy Log-
Logistic (KumLL) in the present study since KumLL distribution provides great flexibility
through different combinations of its shape parameters.

In this context, after examining the properties of the KumLL distribution in detail, maximum
likelihood (ML) and minimum distance (MD) estimates of the KumLL distribution parameters
and the corresponding risk measures VaR and ES are obtained. It should be noted that ML
estimators cannot be obtained in closed forms. Therefore, we resort to Nelder-Mead (NM) and
Broyden—Fletcher—Goldfarb—Shanno (BFGS) methods. Since these methods may suffer from
convergence difficulties, ML estimation procedure using genetic algorithm (GA) is employed.
This procedure is hereafter referred to as the GA-based ML method. First, the GA-based ML
method using fixed search space is considered and then an improved GA-based ML method is
developed to obtain more efficient estimates for the KumLL distribution parameters and to
compute the corresponding VaR and ES risk measures. The reason for referring to the method
as “improved” is that a data-driven search space is proposed for the GA. Finally, a
preliminary Monte Carlo simulation study is performed to compare the efficiency of the
considered estimators.

Keywords: Kumaraswamy log-logistic distribution; Maximum likelihood estimation; Genetic
algorithm; Data-driven search space; Monte Carlo simulation
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FEATURE SELECTION FOR ARTIFICIALLY IMBALANCED DATASETS USING
CRESTED PORCUPINE OPTIMIZER
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ABSTRACT

Class imbalance is a serious problem that affects the classification performance of machine
learning applications. In this study, a feature selection approach based on the Crested Porcupine
Optimization algorithm was applied to artificially imbalanced datasets. Experiments were
conducted on the Wine Dataset, Wisconsin Breast Cancer Dataset, and Dried Bean Dataset. The
artificial imbalance scenarios were generated with the ratios of 70:30, 80:20, and 90:10. The
classification performance was evaluated by the KNN classifier. The results showed that the
proposed method reduced the number of selected features while preserving the classification
performance. In some scenarios, accuracy and G-Means also showed improvements. The
overall results showed that the proposed approach can be effectively used for feature selection
in artificially imbalanced datasets.

Keywords: Crested porcupine optimization algorithm, Feature selection, Classification, K-
nearest neighbor algorithm, Imbalanced dataset

1. INTRODUCTION

With technological advancements, large amounts of data are being generated, and obtaining
meaningful information from this data is becoming increasingly difficult with traditional methods [1],
[2]. Machine learning-based classification methods are widely used in many fields such as medical
diagnosis, document classification, and data analysis [3], [4]. However, classification performance is
negatively affected by unbalanced data problems, especially when the number of samples in one class
is much higher than in others [5], [6]. Since most traditional machine learning algorithms are developed
with the assumption of balanced data, low prediction success occurs in minority classes [7], [8].
Therefore, effective feature selection and optimization methods are needed to improve classification
performance in artificially unbalanced datasets.

A review of the literature reveals that many approaches based on oversampling, undersampling, feature
selection, and meta-heuristic optimization have been proposed to solve the unbalanced data problem.
Kamalov et al.[9] proposed a novel decision tree-based filter method as an alternative to traditional
feature selection methods that are biased towards the majority class in unbalanced datasets. The
proposed approach provides effective dimensionality reduction and a high success rate by considering
the minority class. Tsai et al.[10] investigated the combined use of feature selection and SMOTE
oversampling methods in unbalanced datasets. The results showed that the XGBoost + SMOTE
combination is one of the best methods in terms of high success rate and low cost. Zhang and Wang[11]
proposed a novel feature selection method based on weighted KNN fuzzy neighborhood coarse
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clustering for noisy and unbalanced datasets. The proposed method improves noise robustness and
classification success while simultaneously reducing computational cost. Mujahid et al. [12] compared
different oversampling methods on unbalanced Twitter datasets. The results showed that the SMOTE
and ADASY N methods, in particular, improved accuracy, and the linear SVM model, combined with
TF-IDF features, achieved the highest success rate. Dube and Verster[13] investigated the effect of
class imbalance on different machine learning models. The results showed that Random Forest and
Decision Tree models were more robust in imbalanced datasets, and that the ADASYN method yielded
more successful results compared to under-sampling. Alweshah et al. [14] combined the Ali Baba and
the Forty Thieves algorithm with the Water Strider algorithm to optimize the weights of the
Probabilistic Neural Network classifier for unbalanced datasets. The results showed that the proposed
parallel approach provided successful performance in terms of classification accuracy and F-measure.
Shafi et al.[15] used various machine learning models and meta-heuristic feature selection algorithms
for diagnosing heart disease. Their results showed that the Gradient Boosting Classifier model provided
the highest accuracy, and that methods such as Cuckoo Search, Whale Optimization, and Harris Hawks
Optimization improved feature selection and thus enhanced prediction success. Soltanzadeh et al.[16]
proposed a meta-heuristic-based undersampling method for unbalanced and class-overlapping
datasets. The proposed approach improved classification performance by selecting the most suitable
samples from the majority class and achieved successful results on different datasets. However, most
existing studies are limited to specific datasets or methods, and the effect of metaheuristic-based feature
selection on artificially imbalanced datasets has not been sufficiently investigated. Therefore, this study
proposes a Crested Porcupine Optimizer-based feature selection approach to improve classification
performance on artificially imbalanced datasets.

2. MATERIAL AND METHODS
2.1. Datasets

This study used three datasets with varying scales and class structures, all obtained from the UCI
Machine Learning Repository.

Wine Dataset: 3 classes, 13 features, and 178 samples [17].

Breast Cancer Wisconsin Dataset: 2 classes, 30 features, and 569 samples [18].

Dry Bean Dataset: 7 classes, 16 features, and 13611 samples [19].

2.2. Artificial Imbalance Generation

In this study, artificial class imbalance scenarios were created. To do so, the number of samples in the
minority class in the training data was randomly reduced. Three imbalance scenarios, representing the
ratio between the majority and minority classes, were used in the study: 70:30, 80:20, and 90:10. For
multiclass datasets, one class was designated as the target minority class, while the remaining classes
were aggregated to represent the majority group. To enable a realistic performance evaluation, no
imbalance operation was applied to the test data, and the test data was left in its original structure.

2.3. Data Preprocessing
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Datasets were separated into training and test data. Standardization was applied to eliminate scale
differences between features. The StandardScaler [20] method was used in this study. The
standardization process is expressed by Equation 1.

X

z="F (1)

o
Here, x represents the feature value, p represents the mean value, and o represents the standard

deviation. Artificial class imbalance was performed only on the training data.

2.4. Crested Porcupine Optimizer-Based Feature Selection

For feature selection, this study uses the Crested Porcupine Optimizer (CPO), which was recently
presented by Abdel-Basset et al. [21]. Below is a summary of the algorithm's primary steps.

e [nitialization

The initial step of the CPO algorithm involves generating a random population of candidate solutions.
This is achieved using lower (I;) and upper (u;,) limits, along with a random number ranging from 0
to 1, to create these solutions. This process of initializing solutions is shown in Equation 2.

X; =1, +rand X (u, — 1) i=12,..,pop 2

The Cyclic Population Reduction (CPR) approach, which is distinguished by a systematic reduction in
population number during the optimization process, is used by the CPO algorithm. Equation 3
describes this method's cyclical population reduction at each iteration.

iter%max’r_iter
POP = POPmin + (POPmax — POPmin) X | 1 — | —maxmmer— €))

T

In Equation 2, the population size (pop) cycles between minimum (pop;,;,) and maximum (Popmax)
values, influenced by the loop number T and the modulus operator %. The CPO algorithm transitions
between exploration and exploitation by comparing two random values, Q1 and Q2. Exploration
occurs when Q1 is less than Q2; otherwise, exploitation commences.

e Exploration Phase
The CPO algorithm features an exploration phase that encompasses two methods for position updates.

These methods represent how individuals defend themselves from predators using either vision or
sound. Which method is used depends on two random values, Q3 and Q4. The initial method is used
if Q3 is less than Q4; otherwise, the subsequent method is used. Equation 4 shows the formula for
updating positions using the first method.

iter+1 _ vyiter it iter
X = X{* + 1y X |2 X T, X XEET -yt 4
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In Equation 4, X¢™ shows the best solution. X*®" indicates the current position of an individual. T,
is a random value with a normal distribution. 7, is a value between 0 and 1. The hunter’s position is
given by Equation 5 and is marked as y/*¢". X" represents the position of a randomly selected
individual, with r randomly chosen from the interval [1, pop].

iter iter
iter __ Xi Xy

i =0 (5)

The second equation used to update the defense position is shown in Equation 6.
XPth = (1= Up) X XPT + Uy x (v + 73 x (X557 = X75T)) (6)

In the Equation 6, r1 and r2 are two distinct individuals randomly selected from the present
population. The parameter 5 is generated as a random number in the interval [0, 1]. The vector U is
a binary vector with elements that can only be 0 or 1. Moreover, X:4"and X'5¢" are two candidate
solutions randomly selected from the population at the current iteration.

e Exploitation Phase
Exploitation in the CPO algorithm includes two position updates with specific strategies for local

search. The third strategy is implemented if Q5 is less than 0.5; conversely, the fourth strategy is
implemented if Q5 is equal to or greater than 0.5. This process is detailed in Equations 7-10.

Xt = (1 — Uy) X X[ + Uy x (XEE7 + S{P7 x (X5 — X)) — 1, X 8 Xy, x SieT))  (7)

iter __ Obj(xiiter)
Si =exp (ZZZI;f(X,L;teT)_I_E ) @
(1 if rand < 0.5
o= {—1 else ©)
, iter
yi=2 X rand X (1— iter ) max _iter (10)

max _iter

The equations include a random variable, z,, that ranges from 0 to 1. In addition, a small constant (&)
for preventing division by zero, a random vector (rand) and the value of the objective function of the
ith individual in the iterth iteration (0bj(X*¢")) are also taken into account. Equations 11-13 update
the fourth defense strategy viewpoint. In this equation, o, represents convergence rate, 7s and g
represent random values of 0-1, and 7, represents a vector with 0-1 values. X "+ represents the new
position of the ith individual, while V;*¢" is equal to X"

X{ert = X5+ (@(1—15) + 75) X (6 x X — X{*") = B (11)
B =1Te X8 Xy, x DIeT (12)
Diiter =1, X Siiter % (Viiter+1 _ Viiter) (13)

2.5. K-Nearest Neighbor Classification

The K-Nearest Neighbor (KNN) algorithm is one of the most commonly used supervised machine
learning algorithms for classification and regression tasks [22]. It is non-parametric and instance-based,
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which means it does not build an explicit model during training, but instead stores the training samples
and predicts on new samples based on a similarity measurement to them. KNN classifies the data
instance according to the label of the k nearest neighbors in the feature space for a given data instance.
The concept of closeness is measured by lengths like Euclidean, Manhattan, and Minkowski distances
[23]. Euclidean distance is the most often used metric here. It measures the Euclidean distance(Dy)
between two observations (Vvi, v;j) by taking the square root of the sum of squared differences between
all features. Equation 14 provides the mathematical description of Euclidean distance.

Dg = XL, (wi — vj)? (14)

The kth features of vectors v; and vj are represented by the symbols v;k and vjk, respectively. This
approach classifies low-dimensional and balanced data well [24].

2.6. Performance Evaluation Metrics

Accuracy, Precision, Recall, F1-Score, and G-Mean measure classification performance [25].
These measurements are calculated using confusion matrix entries. T¥ and T™ represent the
number of properly anticipated positive and negative observations, respectively. In contrast, F?
represents negative samples misclassified as positive, and F™represents positive samples
misclassified as negative.

Accuracy = (TP + T™) /(TP + T" + FP + F™) (15)
Precision = T? / (T? + FP) (16)
Recall = T? /(T? + F™) (17)
F1_Score = (2 X Recall X Precision) / ( Recall + Precision) (18)

In the G-Mean metric, commonly used in unbalanced datasets, the Sensitivity value represents
the Recall rate, and the Specificity value represents the rate of correct prediction of the negative
class.

G — Mean = ,/(Sensitivity X Specificity) (19)

2.7. Experimental Setup
Python was used for all experiments in this study. The datasets were 80% training and 20% test.
The KNN algorithm was preferred for classification. A Crested Porcupine Optimizer-based
approach was used for feature selection. In the CPO algorithm, the population size was set at
20, and the maximum number of iterations was 30. In the fitness function [26], classification
error and the number of selected features were evaluated together. In this context, |S| denotes
the number of features that have been selected, while |F| denotes the total number of features.

Fitness = a(1 — Accuracy) + (1 — a)% (20)
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Figure 1 shows the overall workflow of the methodology used in this study for feature selection
and classification on artificially imbalanced datasets.

F— N

S b b GL b ez bl

Dataset Preprocessing Data Splitting Imbalance Feature
(Train/Test) Handling (CPO) J (KNN)

J \

Figurel. Overall workflow of the methodology

3. EXPERIMENTAL RESULTS

This section examines the performance of the proposed method across various artificially
induced class imbalance scenarios. The results were evaluated using Accuracy, Precision,
Recall, F1-Score, and G-Mean. Experimental results for all datasets are given in Table 1. As
shown in Table 1, the datasets used in this study were coded as DatasetA (Wine Dataset),
DatasetB (Breast Cancer Wisconsin Dataset), and DatasetC (Dry Bean Dataset) to simplify the
presentation of the results.

Table 1. Experimental results of the Without FS and CPO-Based FS methods under different artificial
imbalance scenarios.

Dataset | Scenario | Method Selected Accuracy | Precision | Recall | F1- G-
Features Score Mean
Dataseta | 70:30 Without FS 13 1.0000 1.0000 1.0000 | 1.0000 | 1.0000
Dataseta | 70:30 CPO-Based FS 5 1.0000 1.0000 1.0000 | 1.0000 | 1.0000
Dataseta | 80:20 Without FS 13 0.9444 0.9514 0.9444 | 0.9432 | 0.9283
Dataseta | 80:20 CPO-Based FS 4 1.0000 1.0000 1.0000 | 1.0000 | 1.0000
Dataseta | 90:10 Without FS 13 0.9722 0.9741 0.9722 | 0.9720 | 0.9655
Dataseta | 90:10 CPO-Based FS 4 1.0000 1.0000 1.0000 | 1.0000 | 1.0000
Datasets | 70:30 Without FS 30 0.9649 0.9668 0.9649 | 0.9645 | 0.9512
Datasets | 70:30 CPO-Based FS 8 0.9825 0.9829 0.9825 | 0.9824 | 0.9759
Datasets | 80:20 Without FS 30 0.9649 0.9668 0.9649 | 0.9645 | 0.9512
Datasets | 80:20 CPO-Based FS 14 0.9912 0.9913 0.9912 | 0.9912 | 0.9880
Datasets | 90:10 Without FS 30 0.9474 0.9514 0.9474 | 0.9464 | 0.9258
Datasets | 90:10 CPO-Based FS 10 0.9649 0.9668 0.9649 | 0.9645 | 0.9512
Datasetc | 70:30 Without FS 16 0.9166 0.9174 0.9166 | 0.9168 | 0.9261
Datasetc | 70:30 CPO-Based FS 9 0.9218 0.9221 0.9218 | 0.9219 | 0.9310
Datasetc | 80:20 Without FS 16 0.9166 0.9174 0.9166 | 0.9168 | 0.9261
Datasetc | 80:20 CPO-Based FS 8 0.9210 0.9216 0.9210 | 0.9212 | 0.9310
Datasetc | 90:10 Without FS 16 0.9166 0.9174 0.9166 | 0.9168 | 0.9261
Datasetc | 90:10 CPO-Based FS 8 0.9192 0.9195 0.9192 | 0.9193 | 0.9289

When examining the Wine Dataset results, it is observed that the CPO-based FS method reduces
the number of features from 13 to a range of 4 to 5. Despite these reductions, accuracy,
precision, recall, F1-score, and G-mean values are preserved, and in some scenarios, the
accuracy value even increases from 0.9444 to 1.0000. According to the Breast Cancer
Wisconsin Dataset results, the proposed method reduces 30 features to a range of 8 to 14.
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Specifically, in the 80:20 scenario, the Accuracy value increases from 0.9649 to 0.9912, while
the G-Mean value increases from 0.9512 to 0.9880. These results indicate that the proposed
method provides more stable performance in unstable data structures. The experiments on the
Dry Bean Dataset reduced the number of features from 16 to a range of 8 to 9. Furthermore, in
this multiclass dataset, the Accuracy value increased from 0.9166 to approximately 0.9218. G-
Mean results also indicate that the proposed method is effective under class imbalance.
Overall, the CPO-based feature selection method maintained and even improved classification
performance in some scenarios, despite using fewer features. Furthermore, while a decrease in
performance was observed in baseline results as the imbalance ratio increased, the CPO-based
FS method was found to produce more stable results. The results indicate that the proposed
method is an effective feature selection approach across different datasets.

4. CONCLUSION

This paper applied the Crested Porcupine Optimizer-based feature selection method to the Wine
Dataset, Breast Cancer Wisconsin Dataset and Dry Bean Dataset. Results under different
artificial class imbalance scenarios were evaluated. The results demonstrated that the proposed
method retained the classification performance with fewer features. Some scenarios obtained
Improvements in Accuracy and G-Mean values. Especially successful results were obtained for
the Breast Cancer data set. In addition, the method showed good performance on the Dry Bean
dataset which has a multiclass structure. The proposed approach was found to be an effective
feature selection method for the imbalanced data problems. The performance of the proposed
method can be further investigated in the future studies with different classification algorithms
and real imbalanced datasets.
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ABSTRACT

In this study, the gamma-ray attenuation properties of pyrite and marcasite, which are FeS»
polymorphs that have identical chemical compositions but different crystal structures, were
compared. The primary objective of the study is to reveal how the difference in crystal structure
is reflected in the gamma-ray attenuation behavior when the chemical composition is kept
constant. Pyrite has a cubic (isometric-diploidal) crystal structure, whereas marcasite has an
orthorhombic  (orthorhombic-dipyramidal)  crystal  structure, exhibiting different
crystallographic densities. The gamma-ray attenuation parameters of both minerals were
calculated using the PHY-X/PSD online software at different photon energies ranging from
0,356 to 1,332 MeV, corresponding to Ba-133, Cs-137, Na-22, and Co-60 sources. In the
obtained results, it was determined that the mass attenuation coefficients (MAC) and effective
atomic numbers (Zesr) were similar for both polymorphs, whereas differences occurred in the
linear attenuation coefficient (LAC), half-value layer (HVL), tenth-value layer (TVL), and
mean free path (MFP) values depending on the density difference. Pyrite exhibited higher LAC
and lower HVL, TVL, and MFP values compared to the marcasite mineral across the examined
energy range. The results demonstrate that in FeS, polymorphs with the same chemical
composition, the crystal structure difference is reflected in the thickness-dependent gamma-ray
attenuation parameters of the material through crystallographic density. This approach
highlights that in cases where natural minerals can be produced synthetically, different crystal
structures and associated density variations that may occur during the production process affect
the thickness-dependent gamma-ray attenuation performance of the synthetic material. Thus,
the study provides an approach for evaluating polymorphic mineral structures and synthetic
mineral production in terms of radiation attenuation properties.

Keywords: FeS, polymorphs, pyrite, marcasite, gamma-ray attenuation, crystal structure.

1. INTRODUCTION

Living organisms are exposed to artificial ionizing radiation sources in industry, agriculture, medicine,
and nuclear energy, in addition to natural background radiation. Shielding is one of the three most
effective methods to minimize the health risks posed by exposure to high levels of ionizing radiation.
A good shielding material should reduce the intensity of gamma photons to safe levels by absorbing
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or scattering their energy within the material [1]. Traditionally, lead (Pb) is preferred in shielding due
to its high stopping power; however, lead is quite expensive, heavy, and causes great damage to the
environment and human health due to its toxic waste. Although heavy concrete is a more economical
alternative, its shielding properties may change over time depending on environmental conditions. [2].
Minerals are valuable industrial and technological raw material sources. Metals such as iron, copper,
and lead are obtained from minerals and used in construction and infrastructure; rare earth elements
are crucial in high-tech manufacturing and carry economic value. In addition to supporting the
sustainable use of natural resources, they can also be produced artificially in laboratories. Determining
the radiation protection properties of this limited resource provided to us by nature in mineral form is
very valuable in this respect [3-5].

Substances that have completely identical chemical compositions but different atomic crystal lattice
arrangements are defined as polymorphs. Pyrite and marcasite minerals, which are the most common
iron disulfide (FeSz) minerals in nature, are a characteristic example of polymorphism. While pyrite
crystallizes in the cubic crystal system, marcasite resides in the orthorhombic crystal system [6,7]. In
this study, when the FeS, chemical stoichiometry is kept constant, the effects of changes in the crystal
lattice structure and the resulting density differences on the gamma-ray attenuation parameters were
analyzed and compared in detail via the PHY-X/PSD online calculation module [8].

2. CALCULATION METHODS

2.1. Crystallographic Properties of Examined Minerals
The basic crystallographic and physical parameters of the pyrite and marcasite polymorphs

considered within the scope of the study are summarized in Table 1. Pyrite is located in the
cubic (isometric-diploidal) crystal system where iron (Fe) and sulfur (S) atoms are extremely
densely packed; whereas marcasite has an orthorhombic crystal structure showing a relatively
looser atomic arrangement. This difference in packing efficiency in the crystal lattice causes
the theoretical density of pyrite (5,01 g/cm?) to be approximately 2,7% higher than that of
marcasite (4,88 g/cmd) [6,7].

Table 1. Crystallographic and physical properties of Pyrite and Marcasite minerals [6,7].

Mineral Name Chemical Crystal Structure  Density (p, g/cm?3)
Formula (System)
Pyrite FeS; Cubic (Isometric- 5,01
diploidal)
Marcasite FeS; Orthorhombic 4,88

(Dipyramidal)

2.2. Theoretical Foundations and Photon Interaction Equations
The attenuation amount of a monochromatic (single-energy) narrow gamma photon beam

passing through an absorbing medium of known thickness x is expressed by the standard Beer-
Lambert Exponential Attenuation Law [1, 2]:

_ —HX
I =1,e
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Here, lo represents the initial gamma-ray intensity, | represents the intensity after passing
through the thickness x (cm) of the material, and u (cm™) represents the total linear attenuation
coefficient (LAC) of the material.

H=H photoelectric +,Ll Compton +/upairproduction

LAC, which is a measure of attenuation per unit length of the material, is by definition
calculated as follows:
1 I
u=-"In(>)
X
The mass attenuation coefficient (MAC), which is a measure of the material's mass resistance

against gamma attenuation, is denoted by un and has the unit of cm?¥g. It is the most
fundamental measure of a material’s power to absorb radiation; it is calculated by dividing the
Linear Attenuation Coefficient by the material’s density (p) and is therefore unaffected by
density.

Half-Value Layer (HVL) is the absorber material thickness required to reduce the radiation
beam intensity by half (50%).

HVL — In2 _ 0,693
U U
Tenth-Value Layer (TVL) is the thickness required to reduce the radiation intensity to 10%
(90% attenuation):
TVL = In10 _ 2,302
U U

Mean Free Path (MFP) indicates the average distance a photon travels inside the material
without undergoing any interaction:

mrp =1

y7i
The effective atomic number (Zetf) describes the interaction character of multi-component

materials with gamma photons through a single parameter, indicating the radiation sensitivity
of the material at the atomic level:

Here, o. is the total atomic cross-section and o. is the total electronic cross-section.

2.3. Simulation Code and Photon Energies
All radiation attenuation parameters in the study were obtained theoretically using the

internationally accepted PHY-X/PSD (Photon Shielding and Dosimetry) online simulation
software platform [8] based on the NIST XCOM database. In the investigations, specific photon
energies emitted by Ba-133 (0,356 MeV), Na-22 (0,511 MeV and 1,275 MeV), Cs-137 (0,662
MeV), and Co-60 (1,173 MeV and 1,332 MeV) sources, which are used as standard
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radioisotope sources in Nuclear Medicine diagnostic/treatment applications and industrial
quality control systems, were taken as basis.

3. RESULTS AND DISCUSSION

3.1. Attenuation Coefficients (MAC, LAC)

According to the data obtained from PHY-X/PSD simulation outputs, it was determined that
the Mass Attenuation Coefficient (MAC) values of pyrite and marcasite polymorphs were
completely identical at all examined photon energies. When evaluated on a mass basis (cm?/g),
crystal structure is of no importance. Photons, in mass attenuation, react solely to the mass ratio
of the elements (Fe and S) they encounter. Therefore, both polymorphs having identical
chemical formulas (FeS2) display flawlessly identical mass attenuation coefficient (MAC)
values across all photon energies.

While MAC is high at low energies (0,10076 cm?/g for Ba-133) due to the dominance of the
photoelectric effect, it exhibits a decrease at Co-60 photon energies (0,05358 cmz?/g at 1,332
MeV) due to the Compton scattering interaction mechanism. Figure 1 (a) shows the variation
of MAC values with energy.

(a) Mass Attenuation Coefficient (b) Linear Attenuation Coefficient
0104 '*Ba j—o—ipyrite;d MaTc;sifé 0,50 gy —o— Pyrite. ' \
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Figure 1. (a) Mass attenuation coefficient (MAC) and (b) linear attenuation coefficient (LAC) as
a function of photon energy for the pyrite and marcasite polymorphs.

When the linear attenuation coefficient (LAC) is considered, density comes into play and the

crystal structure effect becomes clearly visible. The linear attenuation coefficient (x) shows the

probability of a photon interacting along a unit path length within the material and is equal to

the product of the mass attenuation coefficient and volumetric density ( ﬂ:(ﬁj p). The
Yo

density of pyrite having a cubic crystal structure (5,01 g/cm?d) is approximately 2,7% higher
compared to the density of loosely packed orthorhombic marcasite (4,88 g/cm?). Due to this
density advantage, pyrite exhibited higher LAC values compared to marcasite at all examined
energy levels. For the Ba-133 source (0,356 MeV), while the LAC value of pyrite is 0,50500
cm™', that of marcasite is 0,492 cm™'. As the photon energy increases, transitioning into the
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Compton region, the LAC values of both polymorphs decrease, taking values of 0,26844 cm™!
for pyrite and 0,26147 cm™! for marcasite at the Co-60 source (1,332 MeV). Despite this, the
superiority in favor of pyrite originating from the density difference is maintained throughout
the spectrum. This distinct effect of density difference on the linear attenuation coefficients
(LAC) of pyrite and marcasite is shown comparatively in Figure 1 (b).

3.2. Shielding Thickness Parameters (HVL, TVL)

The primary goal in nuclear shield designs is to determine the minimum material thickness
required to achieve a specific radiation dose limit. Lower HVL and TVL values allow for the
design of thinner and lighter shielding panels. The HVL, TVL, and MFP values of the pyrite
mineral were found to be distinctly lower than those of marcasite at all examined energies.
Figure 2 displays the variation of HVL and TVL values with energy for both minerals.
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Figure 2. Half-value layer (HVL) and tenth-value layer (TVL) as a function of photon energy for
the pyrite and marcasite polymorphs.

For example, at the 1,332 MeV photon energy of the Co-60 radioisotope source, while the
required pyrite shield thickness to attenuate radiation intensity by 90% (1 TVL) is 8,57766 cm,
the marcasite shield thickness was calculated as 8,80617 cm. The net thickness difference of
2,1 mm between them (a relative gain of approximately 2,1 cm/m) provides an extremely
important volumetric advantage in nuclear facilities with space constraints, medical
radiotherapy rooms, or portable radiation shield coatings.

3.3. Mean Free Path (MFP) and Effective Atomic Number (Zefr) Parameters

The mean free path (MFP), which indicates the average distance photons can travel inside the
material without interaction, is 3,72523 cm at 1,332 MeV for pyrite, while it is 3,82447 cm for
marcasite. A lower MFP value proves that photons interact and are absorbed within a shorter
distance in the pyrite structure, which is consistent with the LAC results. The MFP values of
the pyrite mineral were found to be significantly lower than those of marcasite at all investigated
energies.

It was determined that the Effective Atomic Number (Zefr) values were also completely identical
across all photon energies examined, just as in MAC. The main reason for this is that the Zess
parameter, like MAC, is independent of material density or crystal lattice symmetry. Zes varies
depending on incoming photon energy and material stoichiometry. The shared Effective
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Atomic Number (Zefr) of both minerals was determined to be 19,45181 at an energy of 0,356
MeV, near the photoelectric region, and 19,34802 at an energy of 1,332 MeV, where Compton
scattering dominates. Figure 3 shows the variation of Zes and MFP with energy for both
minerals.
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Figure 3. Energy dependence of Z. and MFP, and their respective changes with photon energy,
for the pyrite and marcasite polymorphs.

All attenuation parameters calculated in PHY-X/PSD software based on specific photon
energies emitted by Ba-133 (0,356 MeV), Na-22 (0,511 MeV and 1,275 MeV), Cs-137 (0,662
MeV), and Co-60 (1,173 MeV and 1,332 MeV) sources for Pyrite and Marcasite polymorphs
are presented in Table 2.

Table 2. Comparative Gamma-Ray Attenuation Parameters of Pyrite and Marcasite
Polymorphs

Energy MAC Zeff LAC (cm™) HVL (cm) TVL (cm) MFP (cm)
(MeV) (cm2Q) Pyrite  Marcasite  Pyrite  Marcasite  Pyrite  Marcasite ~ Pyrite  Marcasite
0,356 0,10076 19,45181  0,50500  0,49200 1,37305  1,40963 456117  4,68268 1,98089 2,03366
0,511 0,08525 19,39025  0,42700 0,41600 1,62288  1,66611 5,39108 5,53470 2,34132  2,40369
0662 007563  19,36847 037893  0,36910 182922 187795  6,07654 6,23841  2,63901 2,70931
1,173 0,05717 19,34814  0,28640  0,27897 2,42017  2,48464 8,03963  8,25380 3,49157  3,58458
1,275 0,05480 19,34774  0,27456 0,26743 2,52460  2,59185 8,38653  8,60994 3,64222  3,73925
1,332 0,05358 19,34802  0,26844 0,26147 2,58213  2,65092 8,57766  8,80617 3,72523  3,82447

4. CONCLUSIONS

In this study, the radiation attenuation behaviors of pyrite and marcasite, two natural
polymorphs having completely identical chemical compositions (FeS.), were compared. As a
result of the study, it was confirmed that the mass attenuation coefficient (MAC) and effective
atomic number (Zesr) shielding parameters of materials are completely independent of crystal
structure and give flawlessly identical values as long as the chemical composition remains
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constant. However, parameters such as the linear attenuation coefficient (LAC), which is
directly related to material density, and the half-value layer (HVL), tenth-value layer (TVL),
and mean free path (MFP), which are directly related to LAC, were seen to be directly affected
by the atomic packing tightness of the crystal structure. Pyrite mineral crystallizing in the cubic
crystal system (5,01 g/cm3), owing to the density advantage provided by atomic packing
efficiency, demonstrated 2,7% higher LAC, HVL, TVL, and 2,7% lower MFP at all energies
compared to orthorhombic marcasite mineral (4,88 g/cm3).

This study clearly demonstrates that in material selection and synthetic shield composite
synthesis processes within nuclear protection engineering, matching only the chemical
composition is not sufficient; optimizing crystal phase synthesis conditions (temperature, pH,
pressure) to increase material density will directly increase shielding efficiency.
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SYNTHESIS AND CHARACTERIZATION OF NOVEL METAL-ORGANIC
FRAMEWORKS FOR CARBON DIOXIDE CAPTURE APPLICATIONS

Prof. Dr. Reza Jalali, Dr. Soraya Mahmoudi, Ali Karimi
Faculty of Chemical Engineering, University of Tehran, Iran

ABSTRACT

Metal-organic frameworks (MOFs) represent a transformative class of porous materials
specifically engineered for selective carbon dioxide capture from industrial flue gases,
addressing the pressing global challenge of greenhouse gas mitigation. This research details the
rational design and synthesis of zirconium-based MOF variants incorporating mixed
carboxylate-imidazolate linkers that create hierarchical pore architectures balancing adsorption
capacity with diffusion kinetics. Solvothermal synthesis under modulated acidic conditions
produces defect-engineered frameworks exhibiting exceptional chemical stability under humid
flue gas conditions typical of coal-fired power plants. Comprehensive characterization through
powder X-ray diffraction confirms retention of UiO-66 topology while nitrogen physisorption
reveals complementary micro-mesopore networks facilitating cooperative CO2 filling
mechanisms. The strategic incorporation of polar functional groups enhances quadrupole
interactions central to CO2 selectivity over nitrogen, while open metal sites provide strong
binding energies exceeding physisorption limits of traditional adsorbents. Breakthrough
experiments simulating post-combustion capture conditions demonstrate superior working
capacities alongside facile thermal swing regeneration at modest temperatures compatible with
waste heat recovery. Theoretical modeling elucidates structure-performance relationships
guiding linker selection for optimized isosteric heats of adsorption. Dynamic column
performance underscores practical advantages over aqueous amine scrubbing including
dramatically reduced energy penalties and corrosion concerns. Beyond capture efficiency, these
materials address cyclic stability challenges through robust metal-ligand coordination resisting
degradation mechanisms prevalent in alkaline flue gas environments. Integration potential
within existing power plant infrastructure positions these frameworks as enabling technology
accelerating carbon capture and sequestration deployment. The research advances fundamental
understanding of cooperative adsorption phenomena while delivering industrially-viable
sorbents positioned at the nexus of materials discovery and energy transition imperatives.

Keywords: metal-organic frameworks, CO2 capture, post-combustion adsorption, hierarchical
porosity, defect engineering
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DEVELOPMENT OF EFFICIENT HETEROGENENEOUS CATALYSTS FOR
BIODIESEL PRODUCTION FROM WASTE COOKING OILS

Assis. Prof. Dr. Hassan Ahmadi, Fatemeh Rezaei
Faculty of Chemical Engineering, Shiraz University, Iran

ABSTRACT

Biodiesel production from waste cooking oils represents sustainable valorization of lipid waste
streams abundant in developing economies while addressing energy security concerns through
domestic renewable fuel production. This research develops highly active, magnetically-
recoverable heterogeneous base catalysts through controlled deposition of potassium-modified
calcium oxides onto nanostructured supports exhibiting exceptional activity in challenging
high-free-fatty-acid feedstocks. The catalyst architecture facilitates rapid transesterification
through hierarchical meso/macropore networks exposing abundant basic sites while resisting
soap formation prevalent with homogeneous alkali catalysts. Comprehensive characterization
elucidates structure-activity relationships guiding support selection and promoter optimization.
The synthetic protocol produces highly crystalline CaO nanoparticles uniformly dispersed
within mesoporous silica frameworks preventing active phase sintering under reaction
conditions. Operando spectroscopy reveals dynamic surface reconstruction generating optimal
basic site densities during methanol activation. Process optimization establishes mild reaction
conditions compatible with waste oil impurities while achieving quantitative conversion
through efficient three-phase mass transfer. Catalyst lifetimes extend through multiple reaction
cycles with minimal potassium leaching due to strong metal-support interactions. Economic
analysis confirms dramatic cost reductions versus centralized refining approaches through
decentralized processing at restaurants and food processing facilities. Environmental lifecycle
assessment documents substantial greenhouse gas reductions alongside diversion of waste oils
from sewer systems. Integration potential within existing restaurant infrastructure positions this
technology for immediate deployment. The research advances fundamental understanding of
base-catalyzed transesterification mechanisms while delivering practical catalyst systems
enabling biodiesel production from low-value feedstocks previously considered unsuitable for
chemical conversion. Beyond technical innovation, the work addresses circular economy
principles transforming food waste into transportation fuels through elegant materials
chemistry.

Keywords: heterogeneous catalysis, biodiesel production, waste cooking oils,
transesterification, base catalysts
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QUANTUM DOTS DOPED POLYMER NANOCOMPOSITES FOR ADVANCED
SOLAR CELL DEVICES

Dr. Ahmed El-Sayed, Nadia Hassan, Karim Abdel
Faculty of Science, Cairo University, Egypt

ABSTRACT

Quantum dot-polymer nanocomposites represent sophisticated optoelectronic materials
combining colloidal nanocrystal excitonic properties with polymeric charge transport matrices
for next-generation photovoltaic applications. This research develops stable CdSe/ZnS core-
shell quantum dots embedded within conductive polymer matrices through controlled ligand
exchange enabling intimate electronic coupling at organic-inorganic interfaces. The
nanocomposite architecture facilitates efficient exciton dissociation through type-11 band
alignment while suppressing destructive charge recombination pathways. Spectroscopic
characterization confirms retention of quantum confinement effects alongside interfacial charge
transfer evidenced through transient absorption spectroscopy. Device optimization reveals
optimal quantum dot loading densities balancing light harvesting with charge extraction. The
polymer matrix provides mechanical robustness and processability advantages over rigid
inorganic films while passivation shells prevent nanocrystal aggregation maintaining
monodisperse size distributions essential for photovoltaic performance. Morphological analysis
confirms uniform dispersion preventing aggregation-induced quenching while preserving film
uniformity critical for device efficiency. Photovoltaic testing demonstrates enhanced incident
photon-to-current efficiency across visible spectrum alongside improved fill factors reflecting
reduced geminate recombination losses. Operational stability testing confirms retention of
performance under prolonged illumination and thermal cycling through robust interfacial
bonding resistant to photo-oxidative degradation. Theoretical modeling elucidates energy level
alignment optimizing device architecture. Integration compatibility with roll-to-roll processing
enables cost-effective large-area fabrication. The nanocomposite approach addresses
fundamental limitations of both purely organic and inorganic photovoltaics combining solution
processability with inorganic carrier mobilities. Beyond device performance gains, the
materials platform enables spectral tuning through nanocrystal size control alongside
mechanical flexibility advantageous for building-integrated applications. Research advances
fundamental understanding of hybrid optoelectronic interfaces while delivering practical
photovoltaic materials compatible with existing manufacturing infrastructure.

Keywords: quantum dots, polymer nanocomposites, solar cells, optoelectronic interfaces,
charge transfer
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GREEN SYNTHESIS OF SILVER NANOPARTICLES USING EGYPTIAN
MEDICINAL PLANT EXTRACTS

Assis. Prof. Dr. Mohamed Salem, Fatma Ibrahim
Faculty of Science, Mansoura University, Egypt

ABSTRACT

Green synthesis of silver nanoparticles through plant-mediated reduction represents sustainable
nanotechnology leveraging natural reducing and capping agents abundant in medicinal flora.
This research explores Egyptian desert plants rich in polyphenolic metabolites serving dual
roles as bioreductants and stabilizers producing stable, biologically-active silver nanostructures.
The phytochemical diversity provides complementary functional groups facilitating controlled
nanoparticle nucleation and growth while preventing aggregation through steric/electrostatic
stabilization. Characterization confirms crystalline face-centered cubic morphology alongside
organic corona preserving pharmacological activities. The biogenic capping enhances
biocompatibility critical for biomedical deployment while enabling aqueous dispersion
compatible with physiological conditions. Biological evaluation demonstrates potent
antimicrobial efficacy against multidrug-resistant clinical isolates through multifaceted
mechanisms including membrane disruption, reactive oxygen species generation, and biofilm
inhibition. The broad-spectrum activity spans Gram-positive cocci, Gram-negative bacilli, and
fungal pathogens surpassing commercial silver formulations. Anticancer screening reveals
selective cytotoxicity toward malignant cell lines through apoptotic induction sparing normal
fibroblasts. Antioxidant evaluation confirms free radical scavenging capacity comparable to
synthetic standards through polyphenolic stabilization. The green protocol eliminates
hazardous reducing agents and organic solvents producing environmentally-benign
nanoparticles suitable for consumer applications. Scalability advantages include ambient
reaction conditions and inexpensive botanical precursors abundant in arid regions. Process
optimization establishes reproducible monodisperse production suitable for industrial
translation. Mechanistic studies elucidate phytochemical-nanoparticle interactions guiding
rational feedstock selection. Regulatory advantages position green nanoparticles favorably
within emerging nanomaterials safety frameworks. Beyond antimicrobial applications,
multifunctional surface chemistry enables conjugation with therapeutic payloads for targeted
delivery. Research establishes desert flora as sustainable nanotechnology platform addressing
global antibiotic resistance crisis while advancing circular bioeconomy principles through
waste biomass valorization.

Keywords: green synthesis, silver nanoparticles, medicinal plants, antimicrobial
nanomaterials, desert biotechnology
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ADVANCED MEMBRANE TECHNOLOGIES FOR DESALINATION IN ARID
GULF COUNTRIES

Assoc. Prof. Dr. Khalid Al-Mansoori, Noor Hassan, Dr. Fatima Rahman
Faculty of Engineering, King Saud University, Saudi Arabia

ABSTRACT

Desalination membrane technology addresses water security challenges across water-stressed
Gulf Cooperation Council nations dependent on seawater reverse osmosis for 70% municipal
supply. This research advances thin film nanocomposite membranes incorporating aquaporin-
mimetic metal-organic framework nanoparticles within crosslinked polyamide selective layers.
The hybrid architecture achieves unprecedented water permeability through enhanced free
volume and hydrophilicity while maintaining near-perfect salt rejection. Mixed matrix
morphology optimization balances nanoparticle dispersion preventing interfacial voids
compromising performance. Surface charge modification enhances antifouling characteristics
critical for Red Sea hypersaline feeds prone to algal biofilm formation. Long-term stability
testing confirms sustained flux under continuous hypersaline operation surpassing polymeric
competitors. Module-level testing demonstrates scalability through spiral wound element
fabrication maintaining performance uniformity. Techno-economic modeling confirms
lifecycle cost advantages through reduced energy consumption and extended membrane
lifetimes. Integration compatibility with existing megaplant infrastructure facilitates retrofit
opportunities minimizing capital expenditures. Environmental lifecycle assessment documents
reduced brine discharge impacts through enhanced recovery ratios. The technology addresses
fundamental transport limitations constraining conventional desalination enabling dramatic
increases in global desalination capacity. Modular scalability supports decentralized
deployment serving remote communities and industrial facilities. Beyond municipal
applications, high-recovery characteristics enable industrial process water production
minimizing freshwater imports. Research advances fundamental understanding of water
transport through nanostructured polymers while delivering practical solutions addressing 100
million m3 daily Gulf desalination demand. Strategic positioning within national water security
visions ensures sustainable deployment roadmap achieving energy and cost targets essential for
long-term viability.

Keywords: desalination membranes, thin film nanocomposites, water security, Gulf
Cooperation Council, antifouling surfaces
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NANOSTRUCTURED CATALYSTS FOR HYDROGEN PRODUCTION VIA WATER
SPLITTING

Omar Saeed
Department of Chemical Engineering, United Arab Emirates University, UAE

ABSTRACT

Nanostructured catalysts enabling efficient water splitting represent cornerstone technology
addressing global clean hydrogen economy transition. This research develops earth-abundant
transition metal phosphide heterostructures exposing bifunctional active sites optimizing both
hydrogen and oxygen evolution half-reactions. Synthetic protocol produces core-shell
architectures where electronic interactions between metal phases enhance adsorption energetics
approaching volcano peak positions. Morphological control creates high surface area three-
dimensional arrays maximizing catalyst utilization while nanostructuring mitigates
overpotential losses. Operando spectroscopy reveals dynamic surface reconstruction generating
true active phases under catalytic turnover. The catalyst platform demonstrates unprecedented
durability under industrial current densities maintaining performance across alkaline seawater
electrolysis conditions. Theoretical modeling elucidates synergistic effects between metal-
phosphide interfaces facilitating balanced proton-coupled electron transfer. Device integration
achieves overall water electrolysis efficiencies competitive with platinum-iridium benchmarks
using exclusively non-precious materials. Technoeconomic analysis confirms commercial
viability through dramatic reductions in capital costs relative to noble metal catalysts.
Scalability roadmap leverages abundant feedstock materials and established phosphidation
infrastructure. Environmental compatibility eliminates critical raw material dependencies
characterizing incumbent technologies. Mechanistic insights guide rational design principles
applicable across electrocatalytic transformations. Integration potential within renewable-
powered hydrogen production facilities positions technology for terawatt-scale deployment.
Research advances fundamental understanding of multi-site catalysis while delivering practical
materials systems enabling hydrogen economy infrastructure development essential for global
decarbonization pathways.

Keywords: nanostructured catalysts, water splitting, hydrogen evolution, non-precious
electrocatalysts, heterostructure design
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THERMALLY STABLE POLYMERIC COMPOSITES FOR HIGH-PERFORMANCE
ELECTRONIC APPLICATIONS

Prof. Dr. Andrei Popescu, Dr. Maria lonescu, lonela Dragomir
Faculty of Chemistry, University of Bucharest, Romania

ABSTRACT

High-performance polymeric composites satisfying thermal management requirements across
advanced electronics represent critical enabling materials for 5G infrastructure, electric vehicle
power electronics, and space applications. This research develops polyetheretherketone
nanocomposites reinforced with two-dimensional boron nitride nanosheets achieving
exceptional thermal conductivities while preserving dielectric integrity essential for high-
frequency signal propagation. Interfacial engineering through functionalized graphene oxide
bridges creates efficient phonon transport pathways across polymer-filler interfaces. The
composite architecture balances thermal transport enhancement with electrical insulation
through controlled nanosheet orientation and dispersion. Morphological optimization prevents
aggregation-induced hotspots while maximizing effective medium approximations. Dielectric
spectroscopy confirms frequency-independent permittivity suitable for 5G dielectric substrates.
Thermal aging studies demonstrate retention of properties under continuous 250°C operation
surpassing conventional epoxy systems. Mechanical reinforcement through interlocking
nanosheet networks enhances fracture toughness alongside thermal shock resistance.
Processing compatibility with thermoplastic injection molding enables cost-effective scale-up.
Device-level demonstrations confirm junction temperature reductions enabling 40% power
density increases. Theoretical modeling elucidates multiscale thermal transport from phonon
scattering through macroscopic effective properties. Lifecycle assessment documents
environmental advantages over metal-cored printed circuit boards. The materials platform
addresses fundamental limitations constraining polymer electronics deployment across extreme
environments. Integration potential within existing electronics manufacturing infrastructure
facilitates rapid commercialization. Research advances fundamental structure-property
relationships in anisotropic polymer nanocomposites while delivering practical thermal
management solutions enabling next-generation electronics architectures.

Keywords: polymer nanocomposites, thermal management, boron nitride, 5G electronics,
dielectric composites
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BIODEGRADABLE POLYMERS FROM RENEWABLE ROMANIAN
AGRICULTURAL WASTES

Assoc. Prof. Dr. Stefan Radu, Elena Vasilescu, Mihai Georgescu
Faculty of Materials Science, Politehnica University of Bucharest, Romania

ABSTRACT

Biodegradable polymers derived from agricultural lignocellulosic waste represent sustainable
alternatives to petroleum-derived plastics addressing European single-use plastic directives
while valorizing abundant crop residues. This research develops polylactic acid composites
reinforced with cellulose nanocrystals extracted from Romanian corn stover and wheat straw
through environmentally-benign oxidative hydrolysis protocols. Nanocrystal isolation
preserves crystalline morphology essential for mechanical reinforcement while surface
functionalization enables dispersion within hydrophilic polymer matrices. The resulting
nanocomposites achieve balanced mechanical properties suitable for packaging applications
alongside accelerated biodegradation profiles. Morphological analysis confirms uniform
fibrillar reinforcement networks creating tortuous diffusion pathways retarding water vapor
transmission. Thermal characterization demonstrates enhanced heat deflection temperatures
enabling hot-fill applications. Soil burial and composting trials confirm quantitative
mineralization within regulatory timelines through hydrolytic chain scission followed by
microbial assimilation. Lifecycle assessment documents 68% reduction in fossil fuel
consumption alongside avoided landfill burdens. Economic modeling confirms cost
competitiveness with polystyrene through waste feedstock utilization eliminating raw material
costs. Processing compatibility with existing extrusion infrastructure facilitates market
penetration. The materials platform addresses fundamental sustainability challenges across
plastic packaging value chains. Regulatory compliance with EU 2019/904 single-use plastics
directive positions products for mandated substitution. Consumer acceptance studies confirm
preference for visibly-biodegradable packaging. Scale-up demonstrations confirm kilogram-
scale production through continuous processing. Research advances waste-to-value
manufacturing paradigms while delivering practical alternatives to persistent plastics enabling
circular economy transition across agricultural nations.

Keywords: biodegradable polymers, agricultural waste valorization, cellulose nanocrystals,
PLA composites, circular economy

232



FAR EAST ASIA 7th INTERNATIONAL CONFERENCE ON APPLIED SCIENCES
Aug 20 - 26, 2026 — Tokyo
ISBN NR. : 978-625-8795-39-4

ADVANCES IN PRECISION MEDICINE FOR BREAST CANCER TREATMENT
USING AI-DRIVEN GENOMIC PROFILING

Dr. Aiko Nakamura, Kenji Sato
Department of Oncology and Genomic Medicine, University of Tokyo Hospital, Japan

ABSTRACT

This research explores artificial intelligence applications in precision oncology, specifically
how machine learning algorithms analyze complex genomic profiles from breast cancer tumors
to enable personalized treatment strategies. Tumor sequencing reveals heterogeneous mutations
across HER2-positive, triple-negative, and hormone-receptor-positive subtypes, where
traditional chemotherapy approaches often fail due to resistance mechanisms rooted in tumor
microenvironment interactions and epigenetic modifications. Al models trained on large-scale
datasets from The Cancer Genome Atlas integrate multi-omics data including DNA methylation
patterns, RNA expression profiles, and proteomic signatures to predict therapeutic responses
with unprecedented accuracy. Convolutional neural networks identify subtle morphological
patterns in histopathology slides that correlate with molecular subtypes, while recurrent neural
networks process longitudinal patient data to forecast disease progression and metastasis risk.
The clinical implications extend to therapeutic decision-making, where Al-driven
recommendations guide selection of targeted therapies such as PARP inhibitors for BRCA-
mutated cases or CDK4/6 inhibitors for luminal tumors, optimizing outcomes while minimizing
toxicity. Ethical considerations surrounding data privacy, algorithmic bias, and equitable access
remain critical challenges, particularly in diverse populations where genomic databases
predominantly represent Western cohorts. Integration with liquid biopsy technologies allows
real-time monitoring of circulating tumor DNA, enabling adaptive treatment modifications as
clonal evolution occurs under selective pressure. Future directions emphasize federated
learning frameworks that preserve patient confidentiality across institutions, alongside
explainable Al methodologies ensuring clinician trust in black-box predictions. This approach
represents a paradigm shift from empirical oncology toward data-driven precision medicine,
fundamentally transforming breast cancer management through individualized risk
stratification and therapeutic optimization.

Keywords: precision medicine, breast cancer genomics, Al algorithms, tumor profiling,
personalized oncology
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NON-INVASIVE NEURAL INTERFACE TECHNOLOGIES FOR PARKINSON'S
DISEASE MANAGEMENT

Assoc. Prof. Dr. Yumi Kobayashi, Takeshi Yamamoto, Mika Fujimoto
Faculty of Neuroscience and Biomedical Engineering, Kyoto University, Japan

ABSTRACT

This study investigates non-invasive brain-computer interface technologies leveraging
electroencephalography and functional near-infrared spectroscopy to modulate neural circuits
affected by Parkinson's disease progression. Dopaminergic neuron degeneration in the
substantia nigra disrupts basal ganglia circuitry, producing characteristic motor symptoms
including bradykinesia, resting tremor, and gait freezing alongside non-motor manifestations
such as cognitive decline and sleep disturbances. Closed-loop neurofeedback systems train
patients to self-regulate pathological oscillatory patterns in the beta frequency band (13-30 Hz),
which correlate with motor impairment severity. Real-time signal processing algorithms decode
cortical activity from motor cortex and prefrontal regions, delivering auditory or visual
feedback to enhance cortico-striatal connectivity. Transcranial focused ultrasound provides
precise neuromodulation of deep brain structures traditionally targeted by invasive deep brain
stimulation, offering adjustable sonication parameters to suppress excessive synchronized
firing without surgical risks. Wearable EEG headsets integrated with smartphone applications
facilitate home-based therapy sessions, improving medication adherence through tremor
severity tracking and levodopa-induced dyskinesia detection. Clinical trials demonstrate
sustained motor score improvements alongside quality-of-life gains, particularly in advanced-
stage patients unsuitable for surgical intervention. Neuroplasticity mechanisms underlying
these interventions involve long-term potentiation in thalamocortical pathways and
normalization of aberrant functional connectivity within the default mode network. Challenges
include signal contamination from movement artifacts and inter-subject variability in
neuroanatomical landmarks. Future research directions emphasize hybrid interfaces combining
neural decoding with peripheral biosignals such as electromyography, alongside multi-site
validation studies establishing standardized protocols for clinical translation. These
technologies promise transformative management of Parkinson's disease through accessible,
patient-centered neuromodulation paradigms.

Keywords: neural interfaces, Parkinson's disease, neurofeedback, brain-computer interface,
neuromodulation
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TELEMEDICINE IMPLEMENTATION CHALLENGES IN RURAL MOLDOVAN
HEALTHCARE SYSTEMS

Dr. lonela Popa, Victor Rusu
Department of Public Health and Telemedicine, State Medical and Pharmaceutical University,
Moldova

ABSTRACT

This research examines telemedicine deployment barriers within Moldova's fragmented rural
healthcare infrastructure, where geographic isolation compounds physician shortages and
limited diagnostic capacity. Video consultations address primary care gaps but encounter
persistent connectivity limitations in northern districts, compounded by low digital health
literacy among elderly populations managing chronic conditions such as hypertension and
diabetes. Platform interoperability challenges hinder integration with existing electronic health
records, while regulatory frameworks lag behind EU digital health standards despite Moldova's
association agreement obligations. Patient trust emerges as critical factor, with qualitative
interviews revealing preferences for face-to-face encounters rooted in Soviet-era paternalistic
medical culture. Economic constraints limit reimbursement mechanisms for remote services,
creating disincentives for provider participation. Infrastructure assessments identify mobile
network coverage as primary bottleneck, though 4G expansion offers mitigation potential
through compressed video protocols. Medical device connectivity enables remote monitoring
of vital signs, but calibration standards remain inconsistent across suppliers. Training programs
targeting rural practitioners emphasize diagnostic confidence during virtual encounters,
addressing over-reliance on physical examination findings. Policy analysis reveals fragmented
governance between Ministry of Health and National Health Insurance Company, delaying
unified telemedicine strategy. Comparative evaluation against Romanian cross-border
initiatives demonstrates feasibility of regional collaboration leveraging shared language and
medical training traditions. Implementation frameworks incorporate community health worker
intermediaries bridging digital divide through assisted teleconsultations. Capacity-building
initiatives focus on data security protocols compliant with GDPR equivalents, addressing
cybersecurity vulnerabilities inherent to resource-constrained environments. Research
establishes roadmap for sustainable telemedicine ecosystems integrating local contextual
realities with global best practices, positioning Moldova as regional leader in Eastern European
digital health transformation serving underserved rural communities.

Keywords: telemedicine implementation, rural healthcare, digital health literacy, Moldova
health systems, teleconsultation barriers
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NUTRITIONAL INTERVENTIONS FOR DIABETES PREVENTION IN
MOLDOVAN URBAN POPULATIONS

Prof. Dr. Maria Ceban, Andrei Lupascu, Elena Bodarev
Faculty of Preventive Medicine and Nutrition, State University of Medicine and Pharmacy,
Moldova

ABSTRACT

This community-based intervention study evaluates culturally adapted nutritional strategies
preventing type 2 diabetes progression among urban Moldovan adults exhibiting prediabetes
phenotypes. Traditional dietary patterns dominated by refined carbohydrates and saturated fats
from Soviet-era food systems contribute significantly to metabolic syndrome prevalence,
compounded by sedentary occupational structures and limited fresh produce accessibility.
Mediterranean-style modifications incorporating local walnuts, sunflower seeds, and fermented
dairy products demonstrate feasibility within Eastern European culinary traditions. Behavioral
economics frameworks leverage social norms through workplace canteen transformations and
neighborhood cooking collectives, achieving sustained adherence superior to individual
counseling approaches. Glycemic index education emphasizes seasonal root vegetables and
whole grain alternatives to white bread ubiquitous in Moldovan cuisine. Intermittent fasting
protocols adapted to Orthodox Christian fasting calendars enhance insulin sensitivity through
circadian-aligned eating windows. Microbiome-targeted interventions promote diversity
through sauerkraut, kefir, and kvass consumption countering antibiotic overuse legacies.
Longitudinal cohort monitoring documents HbAlc reductions alongside favorable lipid profile
shifts and visceral adiposity decreases. Health economics analysis confirms cost-effectiveness
surpassing pharmacological prophylaxis when accounting for productivity losses avoided.
Capacity building targets dietitians through continuous professional development emphasizing
motivational interviewing techniques and culinary demonstration skills. Policy integration
advocates front-of-pack nutrition labeling mandatory for imported processed foods alongside
subsidies for locally grown pulses and berries. School-based programs establish generational
prevention through family cooking workshops reaching children as change agents. Research
establishes evidence-based framework translating global diabetes prevention paradigms into
Eastern European context, preserving culinary heritage while addressing nutrition transition
challenges characteristic of post-socialist urban transformation.

Keywords: diabetes prevention, nutritional interventions, Moldovan diet, prediabetes
management, community nutrition
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TRADITIONAL HERBAL MEDICINE EFFICACY AGAINST DENGUE FEVER IN
INDONESIAN COMMUNITIES

Dr. Sari Wijaya, Assoc. Prof. Dr. Budi Santoso
Faculty of Traditional Medicine, University of Indonesia, Indonesia

ABSTRACT

This ethnopharmacological investigation validates Indonesian jamu formulations efficacy
against dengue fever, focusing on Andrographis paniculata (sambiloto), Carica papaya leaf
extracts, and Zingiber officinale combinations employed across Java and Sumatra.
Phytochemical screening confirms andrographolide, carpaine, and gingerol synergism
inhibiting DENV-2 replication through NS5 polymerase blockade and envelope glycoprotein
interference. In vitro assays demonstrate dose-dependent viral load reductions alongside
platelet count stabilization critical during critical phase thrombocytopenia. Clinical
observational studies across community health centers document reduced hospitalization rates
and defervescence acceleration compared to supportive care alone. Vector control integration
employs neem and serai essential oils repelling Aedes aegypti through octacosane mediated
olfactory disruption. Safety profiles confirm absence of hepatotoxicity or herb-drug interactions
with acetaminophen standard therapy. Traditional knowledge transmission mapping reveals
dukun networks preserving formulation ratios through oral mnemonics resistant to biomedical
standardization pressures. Economic analysis establishes affordability advantage over
intravenous immunoglobulin therapies prohibitive for rural populations. Regulatory science
navigates jamu classification under Indonesian BPOM framework facilitating evidence-based
claims without losing traditional legitimacy. Comparative effectiveness research against Thai
green chiretta preparations confirms Javanese polyherbal superiority through flavanol matrix
metalloproteinase inhibition. Conservation biology addresses overharvesting threats through
sambiloto agroforestry integration within cocoa agroecosystems. Intellectual property
frameworks protect jamu formulations through geographical indication certification preserving
biodiversity-derived knowledge sovereignty. Research validates community wisdom bridging
ethnomedicine with molecular virology, establishing scalable dengue management paradigm
accessible across Indonesian archipelago where annual epidemics affect millions lacking
hospital infrastructure.

Keywords: herbal medicine, dengue fever, Indonesian jamu, Andrographis efficacy,
ethnopharmacology
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MATERNAL HEALTH IMPROVEMENT THROUGH COMMUNITY MIDWIFERY
PROGRAMS IN RURAL INDONESIA

Nyoman Pratiwi, Dr. Agus Setiawan, Lina Kusuma
Department of Midwifery and Public Health, Airlangga University, Indonesia

ABSTRACT

This participatory action research evaluates community midwifery strengthening initiatives
reducing maternal mortality across eastern Indonesian provinces where geographic isolation
compounds human resource shortages. Village-based bidan di desa programs integrate
traditional birth attendant knowledge with evidence-based obstetrics through bidirectional skills
exchange preserving cultural birth practices while introducing partograph monitoring and
active management of third stage labor. Mobile health teams address transportation barriers
through motorcycle ambulances equipped for emergency stabilization bridging remote hamlets
to primary health centers. Nutrition-sensitive antenatal care incorporates local sago palm and
moringa supplementation countering anemia endemic in food-insecure coastal communities.
Respectful maternity care training transforms facility culture addressing vertical birth position
prohibitions and postpartum ritual accommodations. Male engagement strategies leverage
kinship structures positioning husbands as birth preparedness champions through motorcycle
driving training and savings group facilitation. Data connectivity solutions transmit labor
progress via SMS partographs enabling district hospital oversight despite absent roads.
Economic empowerment through midwifery sewing cooperatives generates revenue funding
equipment replenishment. Indigenous language materials ensure comprehension across 700
local dialects preserving oral traditions while delivering WHO safe childbirth checklist content.
Quality improvement cycles employ Plan-Do-Study-Act methodology adapting protocols to
tsunami-prone and malaria-endemic ecologies. Research demonstrates maternal near-miss audit
culture transformation through community death review rituals replacing blame with systems
learning. Policy advocacy secures Ministry of Health budget line for village midwifery
alongside universal health coverage reimbursement expansion. Framework offers replicable
model for island nations integrating cultural competence with technical proficiency,
substantially reducing preventable maternal deaths through community ownership of childbirth
continuum.

Keywords: community midwifery, maternal health, rural Indonesia, respectful maternity care,
birth preparedness
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ANTIBIOTIC RESISTANCE PATTERNS IN ROMANIAN HOSPITAL-ACQUIRED
INFECTIONS

Dr. Andrei Popescu, Dr. Maria lonescu
Department of Infectious Diseases and Microbiology, Carol Davila University of Medicine,
Romania

ABSTRACT

This epidemiological surveillance study characterizes antimicrobial resistance trends among
Romanian nosocomial pathogens within EUCAST-EARS-Net framework, emphasizing
carbapenemase-producing  Enterobacteriaceae and  multidrug-resistant  Acinetobacter
baumannii predominance. Intensive care units exhibit highest incidence of OXA-48 K.
pneumoniae alongside NDM-1 E. coli reflecting Eastern European clonal lineage dissemination
through medical tourism and population movements. Methicillin-resistant Staphylococcus
aureus spa types document community-onset hospital transmission cycles resistant to
Romanian antibiotic stewardship efforts. Vancomycin-resistant Enterococcus faecium
emergence correlates with surgical prophylaxis overuse patterns. Pseudomonas aeruginosa
high-risk clones demonstrate colistin heteroresistance complicating last-resort therapeutic
options. Molecular epidemiology employs whole genome sequencing resolving transmission
networks linking regional hospitals through patient transfers. Stewardship interventions
emphasize rapid diagnostics integration through MALDI-TOF guided de-escalation alongside
procalcitonin-guided cessation protocols reducing broad-spectrum cephalosporin exposure.
Infection prevention bundles adapt WHO core components to Romanian resource constraints
prioritizing high-touch surface biocides and chlorhexidine bathing. Economic analysis
quantifies attributable length-of-stay increases alongside excess mortality costs informing
national budget allocations. Training programs target prescribers through audit-feedback cycles
achieving sustained compliance improvements. Regional networks facilitate inter-hospital
learning exchanging resistance patterns and intervention outcomes. Policy development
advocates legislative antibiotic import restrictions alongside veterinary-human medicine
surveillance harmonization addressing agricultural selective pressure. Research outputs feed
national reference laboratory operations supporting therapeutic drug monitoring services for
polymyxin B and ceftazidime-avibactam optimization. Framework establishes comprehensive
stewardship infrastructure positioning Romania within European Centre for Disease Prevention
antibiotic resistance combat strategies protecting healthcare system sustainability.

Keywords: antibiotic resistance, hospital-acquired infections, Romania epidemiology,
stewardship programs, molecular surveillance
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IMPROVED GRAPE VARIETAL SELECTION FOR CLIMATE-RESILIENT
VITICULTURE IN AZERBAIJAN'S SEMI-ARID REGIONS

Prof. Dr. Elnur Hasanov, Assoc. Dr. Aysel Mammadova, Nigar Aliyev, Kamran
Ibrahimov

Faculty of Agribusiness and Horticulture, Azerbaijan State Agricultural University,
Azerbaijan

ABSTRACT

This research evaluates grape varietal performance under intensifying climate pressures
characteristic of Azerbaijan's semi-arid viticulture zones, focusing on heat tolerance, water use
efficiency, and quality preservation through systematic field trials and physiological
assessments. Traditional varieties like Bayanshira and Madrasa face challenges from prolonged
summer drought and temperature extremes, prompting evaluation of climate-adaptive
selections including heat-tolerant hybrids and local landraces with demonstrated resilience.
Physiological monitoring emphasizes stomatal regulation, canopy microclimate management,
and photosynthetic efficiency under deficit irrigation regimes typical of the region. Vineyard
establishment protocols integrate raised bed planting, cover cropping with drought-resistant
legumes, and trellis systems optimizing sunlight interception while minimizing evaporative
losses. Rootstock selection prioritizes riparia hybrids enhancing scion vigor without
compromising fruit quality attributes essential for Azerbaijan’s renowned wine and table grape
industries. Post-harvest quality evaluation confirms superior berry skin pigmentation, titratable
acidity retention, and aroma precursor accumulation in adaptive selections compared to
conventional plantings. Economic analysis demonstrates sustainable return profiles through
reduced input requirements and maintained market premiums for terroir-specific products. The
study establishes varietal selection criteria integrating genotypic resilience with agronomic
adaptability, providing Azerbaijan’s viticulture sector with strategic pathways for sustaining
production quality amid climate variability while preserving cultural heritage embedded in
centuries-old winemaking traditions central to national identity.

Keywords: climate-resilient viticulture, grape varietal selection, Azerbaijan, drought tolerance,
water use efficiency
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AQUAPONIC INTEGRATION FOR SUSTAINABLE RICE-FISH FARMING IN
TROPICAL SINGAPORE CONDITIONS

Prof. Dr. Chen Li Wei, Assoc. Prof. Dr. Nurul Aini, Marcus Tan
Department of Biological Systems Engineering, Nanyang Technological University,
Singapore

ABSTRACT

This investigation develops integrated aquaponic systems combining rice cultivation with fish
production optimized for Singapore's high-density tropical urban agriculture constraints,
emphasizing nutrient recycling efficiency, water conservation, and dual-crop productivity.
System design integrates deep-water rice varieties with tilapia or jade perch in coupled
recirculating aquaculture-vitroponics configurations maximizing symbiotic nutrient exchange
between fish effluent and rice nutrient demands. Biofilter optimization employs moving bed
biofilm reactors enhancing nitrification capacity while maintaining dissolved oxygen levels
critical for both aquatic and terrestrial components. Rice varietal screening prioritizes semi-
dwarf erectophile genotypes exhibiting superior tillering under fluctuating hydroponic nutrient
regimes characteristic of aquaponic environments. Fish health management incorporates
probiotic supplementation and plant-based immunostimulants reducing disease pressure in
high-density co-culture. System monitoring emphasizes real-time sensors tracking pH,
electrical conductivity, dissolved oxygen, and ammonia-nitrogen transformations ensuring
biological process stability. Economic modeling confirms superior land-use efficiency
compared to separated aquaculture and hydroponics alongside reduced chemical fertilizer
dependency. Environmental impact assessment documents substantial freshwater savings and
greenhouse gas reductions positioning aquaponics as model for land-scarce tropical city-states.
The research establishes technical protocols enabling commercial-scale deployment while
training urban farming cooperatives in system management, creating pathways for food
sovereignty in densely populated Southeast Asian contexts through biologically integrated
production models.

Keywords: aquaponics, rice-fish integration, tropical agriculture, nutrient recycling, urban
farming
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VERTICAL FARMING SYSTEMS OPTIMIZATION FOR URBAN VEGETABLE
PRODUCTION IN SINGAPORE

Assoc. Prof. Dr. Lim Wei Ming, Dr. Tan Hui Ling, Rajesh Kumar
School of Civil and Environmental Engineering, Nanyang Technological University,
Singapore

ABSTRACT

This systems engineering study optimizes vertical farming configurations for year-round leafy
greens production addressing Singapore's land constraints and year-round tropical growing
conditions. Multi-layer rack systems integrate hydroponic nutrient film technique with solid
media slabs maximizing photosynthetic photon flux utilization through dynamic LED spectrum
adjustment synchronized with crop growth stages. Environmental control precision maintains
vapor pressure deficit, CO2 enrichment, and airflow patterns preventing foliar diseases while
accelerating harvest cycles. Crop selection emphasizes high-value baby greens, specialty herbs,
and microgreens achieving rapid turnover suited to just-in-time urban supply chains. Energy
modeling identifies heat pump dehumidification coupled with photovoltaic integration
minimizing operational costs in high-humidity tropical climates. Automation protocols employ
computer vision quality assessment, robotic harvesting, and predictive analytics optimizing
nutrient dosing through machine learning algorithms trained on real-time sensor networks.
Economic viability confirmed through levelized cost analysis competitive with imported
produce alongside premium pricing for local pesticide-free certification. Social impact
assessment documents community engagement through urban farm education programs
increasing food literacy among city residents. Scalability roadmap establishes modular farm
units deployable within existing commercial buildings transforming food deserts into
production centers. The research positions vertical agriculture as infrastructure solution
enhancing national food security while creating green collar employment opportunities within
Singapore's knowledge economy framework.

Keywords: vertical farming, urban agriculture, tropical optimization, hydroponics, food
security
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SALINE TOLERANT FORAGE CROPS DEVELOPMENT FOR LIVESTOCK FEED
IN QATARI FARMS

Assis. Prof. Dr. Ahmed Bin Saeed, Sara Al-Mansoori
Department of Plant Production, Qatar University, Qatar

ABSTRACT

This plant breeding program develops salt-tolerant forage varieties addressing Qatar's chronic
water scarcity and marginal soil salinity constraining livestock feed production essential for
national food security. Conventional breeding combines wild halophytic germplasm with elite
buffelgrass and Rhodes grass incorporating sodium exclusion mechanisms, osmotic adjustment
pathways, and antioxidant defense systems characteristic of coastal dune ecotypes. Field trials
across experimental stations evaluate biomass accumulation, nutritional quality parameters, and
persistence under cyclic seawater irrigation simulating produced water utilization from oil-gas
operations. Rhizosphere microbiome enhancement through salt-tolerant plant growth-
promoting bacteria increases phosphorus solubilization and nitrogen fixation under saline
stress. Molecular markers track inheritance of key tolerance traits including HKT1;5 sodium
transporters and SOS1 extrusion pumps enabling early generation selection. Nutritional
profiling confirms adequate crude protein, neutral detergent fiber, and mineral balances
supporting ruminant productivity comparable to freshwater-irrigated forages. Economic
analysis demonstrates substantial feed cost reductions replacing imported alfalfa while utilizing
non-arable lands comprising seventy percent national territory. Policy integration advocates
varietal release through Qatar Farming Association alongside extension services training
Bedouin pastoralists in saline forage management. The research establishes sustainable
livestock nutrition pathways reducing Qatar's complete dependence on imported feeds while
valorizing marginal agricultural resources through modern plant breeding integrated with
indigenous knowledge systems.

Keywords: saline forage crops, plant breeding, Qatar agriculture, livestock nutrition, halophyte
utilization
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WATER-EFFICIENT DATE PALM CULTIVATION TECHNIQUES IN QATAR'S
ARID AGRICULTURAL ZONES

Dr. Fatima Al-Thani, Assoc. Prof. Dr. Khalid Nasser, Mariam Rahman
Department of Plant and Environmental Sciences, Qatar University, Qatar

ABSTRACT

This agronomic study develops precision irrigation protocols maximizing date palm
productivity under extreme arid conditions while minimizing water applications critical for
Gulf sustainability. Phenotyping identifies Barhi and Khalas cultivars exhibiting superior water
use efficiency through partial root zone drying and regulated deficit irrigation timed with bunch
development stages. Sap flow sensors and canopy thermal imaging guide irrigation scheduling
maintaining midday stem water potential within stress-avoidance thresholds. Fertigation
optimization synchronizes potassium demands during hababouk stage preventing bunch droop
while conserving nitrogen applications through slow-release formulations. Microclimate
modification employs shade netting reducing transpiration without compromising light
interception essential for carbohydrate accumulation. Soil moisture capacitance probes enable
real-time decision support systems accessible through mobile applications for smallholder
farmers. Postharvest quality evaluation confirms enhanced total soluble solids, reduced
titratable acidity, and improved texture in water-stressed trees reflecting flavor intensification
characteristic of terroir date production. Economic modeling projects substantial water cost
savings alongside maintained or enhanced market premiums for premium quality
classifications. Extension methodologies train women cooperatives in precision agriculture
increasing household incomes through value-added date products. The research establishes
science-based cultivation practices ensuring date palm sustainability as cultural-economic
cornerstone while positioning Qatar within global precision horticulture demonstrating arid
land stewardship through technological innovation harmonized with traditional knowledge.

Keywords: date palm cultivation, water-efficient irrigation, arid agriculture, precision
horticulture, Qatar
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ORGANIC HERB PRODUCTION MODELS FOR MEDITERRANEAN
GREENHOUSE SYSTEMS IN CRETE

Dr. Sophia Kiriakou, Andreas Manolis
Department of Agriculture, Hellenic Mediterranean University, Crete, Greece

ABSTRACT

This sustainable agriculture study develops organic herb production protocols optimized for
Crete's Mediterranean greenhouse systems emphasizing oregano, thyme, and rosemary adapted
to insular soil-climate variability. Substrate engineering combines coconut coir with local olive
pruning residues enhancing water retention while preventing root diseases through optimized
cation exchange capacity. Biological pest management integrates predatory mites, parasitoid
wasps, and entomopathogenic nematodes establishing integrated pest management frameworks
excluding synthetic pesticides. Irrigation precision employs tensiometers maintaining matric
potentials supporting mycorrhizal colonization essential for phosphorus uptake under low-
fertility conditions. Nutrient recycling captures condensate water enriching fertigation solutions
with rainwater chemistry characteristic of Mediterranean winter storms. Postharvest protocols
preserve volatile oil content through rapid solar dehydration maintaining carvacrol and thymol
concentrations rivaling wild harvested material. Market analysis confirms premium pricing for
certified organic Cretan herbs within European specialty food sectors valuing PDO
geographical indications. Carbon footprint assessment documents substantial emissions
reductions versus open field production through protected cultivation efficiencies. Social
enterprise models empower women cooperatives managing twenty-hectare herb clusters
generating sustainable rural incomes while preserving agrobiodiversity through varietal
conservation. Certification pathways navigate EU organic regulations alongside GlobalGAP
protocols ensuring market access. The research establishes comprehensive production models
positioning Crete as leading supplier of authentic Mediterranean culinary herbs through
environmentally sound intensification harmonizing ecological stewardship with economic
viability.

Keywords: organic herb production, Mediterranean greenhouse, Crete agriculture, biological
pest control, PDO herbs
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OLIVE OIL QUALITY ENHANCEMENT THROUGH PRECISION IRRIGATION IN
KALAMATA GREEK PLANTATIONS

Assoc. Prof. Dr. Dimitri Pappas, Elena Stavrou, Nikos Theodorou
Laboratory of Olive Cultivation, Agricultural University of Athens, Greece

ABSTRACT

This precision agriculture investigation optimizes irrigation regimes enhancing extra virgin
olive oil sensory characteristics and nutritional profiles within Greece's premier Kalamata PDO
plantations. Koroneiki cultivar phenology guides deficit irrigation strategies concentrating
polyphenols during veraison while sustaining carbon assimilation through critical late-summer
stages. Canopy hyperspectral reflectance indices predict water status enabling early
intervention preventing permanent stomatal closure. Soil moisture sensors distributed through
rootzones facilitate partial rootzone drying alternating wetting patterns stimulating ABA-
mediated stress signaling enhancing oil quality precursors. Fruit analysis confirms elevated
oleuropein, hydroxytyrosol, and oleocanthal concentrations alongside optimized oleic acid
profiles characteristic of premium classifications. Sensory evaluation panels document superior
fruity-fruity-aromatic profiles achieving consistently high scores within integrated olive oil
panel methodologies. Economic modeling validates sustained yield quality tradeoffs
maintaining production volumes while capturing substantial market premiums for superior
classifications. Climate resilience protocols incorporate cover cropping suppressing soil
evaporation alongside windbreaks mitigating desiccation stresses increasingly prevalent within
Mediterranean basin. Extension methodologies disseminate findings through farmer field
schools reaching thousands of smallholders across Peloponnese prefectures. Sustainability
certification pathways integrate findings within GLOBALG.A.P. and EU Organic frameworks
enhancing market positioning. The research establishes scientific foundation elevating Greece's
globally recognized olive oil heritage through precision water management harmonizing
tradition excellence with contemporary climate-smart agricultural practices ensuring PDO
designation integrity for future generations.

Keywords: olive oil quality, precision irrigation, Kalamata olives, PDO enhancement, phenolic
compounds
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BIOLOGICAL PEST CONTROL STRATEGIES FOR POMEGRANATE
ORCHARDS IN AZERBAIJAN'S GANJA VALLEY

Dr. Farid Gurbanov, Leyla Karimova, Rashad Nuriyev
Department of Plant Protection, Azerbaijan State Agricultural University, Azerbaijan

ABSTRACT

This integrated pest management study develops biological control protocols protecting
pomegranates from key orchard pests while maintaining residue-free production standards
essential for export markets. Beneficial insect conservation prioritizes Trichogramma
parasitoids targeting pomegranate fruit moths alongside predatory beetles suppressing scale
insects through habitat manipulation within inter-row cover crops. Microbial biopesticides
including Beauveria bassiana and Bacillus thuringiensis establish entomopathogen reservoirs
through timed applications synchronized with pest phenology. Plant-derived repellents utilizing
neem and essential oil mixtures disrupt mating communication minimizing broad-spectrum
insecticide reliance. Monitoring protocols employ pheromone traps and digital imaging
providing real-time infestation mapping guiding selective treatments. Orchard floor
management integrates flowering understory attracting pollinators while suppressing weed
hosts harboring pathogens. Economic analysis confirms cost parity versus chemical controls
alongside sustained yield quality supporting premium pricing within European-Russia markets.
Pesticide residue monitoring validates clean harvest compliance exceeding maximum residue
limits by substantial margins. Farmer training programs disseminate protocols through
demonstration orchards reaching thousands across Ganja region revitalizing traditional fruit
culture through modern ecological stewardship. Policy advocacy establishes national IPM
certification schemes alongside subsidy restructuring favoring biological inputs. The research
positions Azerbaijan pomegranates within global clean fruit markets through environmentally
sustainable production models preserving agrocultural heritage while meeting contemporary
food safety standards through integrated biological management systems harmonizing
ecological processes with commercial viability.

Keywords: biological pest control, pomegranate IPM, Azerbaijan agriculture, Ganja Valley,
residue-free production
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EPIDEMIOLOGICAL SURVEILLANCE OF AVIAN INFLUENZA IN AZERBAIJAN
POULTRY FARMS

Prof. Dr. Elnur Hasanov, Dr. Aysel Mammadova, Nigar Aliyeva
Faculty of Veterinary Medicine, Azerbaijan State Agricultural University

ABSTRACT

This comprehensive epidemiological study establishes systematic surveillance protocols for
highly pathogenic avian influenza (HPAI) across Azerbaijan's intensive poultry production
systems, addressing critical gaps in early detection and outbreak containment within the
Caucasus flyway. Methodological framework integrates active farm surveillance through
cloacal-oro-pharyngeal swabbing of broiler breeder flocks alongside environmental sampling
from ventilation systems and water troughs, complemented by serological monitoring via HI
and ELISA assays. Virological confirmation employs real-time RT-PCR targeting HA cleavage
sites characteristic of H5N1 Eurasian lineage circulating through wild Anseriformes.
Biosecurity risk assessment identifies multidirectional spread through live bird markets serving
Baku's restaurant trade alongside unregulated slaughter practices during religious festivals.
Spatial epidemiology reveals Kur-Araz lowland intensification correlating with heightened
outbreak risk due to wetland poultry-wildlife interfaces. One Health integration incorporates
human passive surveillance data from Ministry of Health alongside wildlife monitoring through
BirdLife Azerbaijan partnerships. Serological profiling documents subclinical infections in
layer flocks exhibiting minimal clinical signs yet serving as silent amplifiers. Vaccination
strategy evaluation confirms inactivated H5N2 vaccines providing homologous protection
while heterologous H5N8 challenge reveals antigenic drift necessitating annual strain updates.
Containment modeling establishes optimal culling radii balancing RO suppression with
economic viability. Capacity building establishes national reference laboratory accreditation
alongside provincial diagnostic networks linking 28 district veterinary stations. Policy
framework advocates Poultry Health Act mandating Al surveillance within national food safety
standards while positioning Azerbaijan as regional reference center for Transcaucasus avian
disease intelligence serving $450M poultry export economy supporting food security for 10
million consumers.

Keywords: avian influenza surveillance, Azerbaijan poultry, H5SN1 epidemiology, biosecurity
protocols, One Health
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PARASITIC INFESTATIONS AND ANTHELMINTIC RESISTANCE IN SHEEP
HERDS OF GARABAGH REGION

Assoc. Prof. Dr. Kamal Gurbanov, Dr. Leyla Ibrahimova, Dr. Farid Rahimov
Department of Parasitology, Azerbaijan State Veterinary Academy -

ABSTRACT

This field parasitology investigation characterizes gastrointestinal nematode burdens and
emerging anthelmintic resistance patterns across Garabagh's transhumant sheep production
systems where Haemonchus contortus, Trichostrongylus spp., and Nematodirus dominate
summer pasture infections. Faecal egg count reduction tests confirm ivermectin efficacy decline
alongside albendazole resistance exceeding 40% threshold requiring treatment regimen
redesign. Pasture larval translation studies document bimodal contamination peaks
corresponding to lambing and weaning cycles amplified through communal grazing practices.
Zoonotic risk assessment identifies liver fluke transmission through irrigation canal networks
serving downstream vegetable production. Breed susceptibility profiling reveals Karakul
resilience versus Merino vulnerability linked to genetic resistance markers. Integrated parasite
management establishes targeted selective treatment protocols using FAMACHA®
conjunctival scoring alongside body condition monitoring achieving 68% reduction in
anthelmintic usage while maintaining productivity. Botanical dewormers including Allium spp.
and Artemisia extracts demonstrate adjunctive efficacy through direct anthelmintic action and
immune modulation. Epidemiological modeling optimizes refugia preservation through
division into youngstock-treatment and adult-moved pastures minimizing resistance selection
pressure. Nutritional enhancement through medicated urea molasses blocks delivers strategic
supplementation during periparturient relaxation. Capacity building establishes regional
diagnostic laboratories performing larval culture identification alongside egg hatch assays for
isotype 1 benzimidazole resistance detection. Economic analysis confirms sustainable IPM
superiority over blanket treatments through extended drug efficacy and pasture carrying
capacity preservation. Policy integration advocates national Anthelmintic Resistance Action
Plan alongside veterinary extension networks serving 1.2 million small ruminants comprising
essential protein source for liberated territories agricultural revival.

Keywords: sheep parasitology, anthelmintic resistance, Garabagh sheep, Haemonchus
contortus, IPM strategies
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MEDICINAL PLANT EXTRACTS FOR TREATING MASTITIS IN DAIRY SHEEP
OF CRETE

Dr. Dimitri Papadakis, Eleni Stavrou, Prof. Dr. Nikos Karamanos
Faculty of Medicine, University of Crete - Greece

ABSTRACT

This translational veterinary pharmacology study validates Mediterranean medicinal plant
extracts as alternatives to antibiotic mastitis therapy in Crete's extensive dairy sheep systems
where Staphylococcus aureus and coagulase-negative staphylococci predominate causing 28%
lactation losses. Phytochemical standardization establishes thymol-carvacrol rich oregano
extracts alongside rosmarinic acid dominant sage preparations exhibiting bactericidal activity
through membrane permeabilization and biofilm disruption confirmed through scanning
electron microscopy. Clinical field trials across 450 lactating ewes demonstrate comparable
somatic cell count reduction with oregano teat dips versus conventional iodine alongside
accelerated quarter recovery through intra-mammary Origanum vulgare oil.
Immunomodulatory effects include enhanced neutrophil phagocytosis and reduced pro-
inflammatory cytokine profiles preserving milk quality for PDO Graviera production. Residue
depletion studies confirm zero withdrawal periods versus 72-hour antibiotic restrictions
enabling uninterrupted cheese manufacture. Economic modeling establishes 3.8-fold return
through treatment cost savings and sustained lactation length. Phytotherapeutic protocols
integrate preventive udder health through essential oil impregnated fly control alongside
nutritional supplementation optimizing colostrum quality. Extension programs train 2,100
shepherds through farmer field schools establishing community phytomedicine pharmacies.
Regulatory dossier supports EU novel feed additive authorization leveraging GRAS status
alongside three-year field efficacy documentation. Comparative microbiology confirms
superior Greek oregano chemotypes versus commercial Turkish imports through GC-MS
sesquiterpene profiling. Sustainability assessment documents wild harvest carrying capacity
preservation through cultivated oregano expansion serving dual medicinal-lamb feed purpose.
Research establishes Crete phytotherapy model achieving antimicrobial stewardship goals
while preserving €180M annual PDO dairy designation supporting 8,500 farming families
comprising cultural patrimony essential to Mediterranean gastronomical heritage.

Keywords: ovine mastitis, medicinal plants, oregano extracts, Crete dairy sheep, phytotherapy
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THERMAL IMAGING TECHNIQUES FOR EARLY LAME DETECTION IN
GREEK DAIRY CATTLE

Maria Kostopoulou, Assoc. Prof. Dr. Theo Lazos
Department of Animal Science, Agricultural University of Athens

ABSTRACT

This precision livestock farming study validates infrared thermography protocols for early
lameness detection in Greek Holstein dairy herds housed within Epirus-Macedonia freestall
facilities where digital dermatitis and white line disease compromise 22% annual mobility.
Thermal symmetry algorithms establish 0.8°C coronary band temperature elevation threshold
predicting mobility scoring deterioration with 87% sensitivity through hoof-coronet interface
monitoring. Machine learning classification integrates thermal profiles with accelerometer gait
analytics achieving 94% lameness event prediction enabling proactive foot bathing
interventions. Environmental validation confirms algorithm robustness across seasonal
temperature fluctuations through black globe correction alongside breed specific baselines
accounting for Mediterranean black coat absorption characteristics. Economic modeling
quantifies €280/cow lifetime benefit through 18-day earlier intervention preserving 450kg milk
yield alongside €120 claw trimming deferral. Farmer adoption studies document 76%
compliance through tablet-based image acquisition training 1,400 herd managers. Data
integration platforms link thermal alerts with milk recording systems triggering automated
footbath chemical deployment. Welfare outcomes include 41% reduction in severe stage 3
lesions alongside enhanced lying behavior restoration. Extension methodology establishes
national reference protocol adopted through Hellenic Dairy Association serving 450,000
lactating cows. Regulatory compliance supports EU Animal Welfare Directive reporting
through automated lameness benchmarking dashboards. Research scalability confirmed
through Cyprus-Thessaly pilot expansion alongside Balkan network development positioning
Greece as regional precision dairy technology hub preserving €2.8B national milk production
serving 11 million consumers essential protein requirements while advancing sustainable
intensification paradigms.

Keywords: thermal imaging, lameness detection, dairy cattle welfare, precision livestock,
Greek Holsteins
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NANOTECHNOLOGY-BASED VACCINE DELIVERY SYSTEMS FOR CAMELID
RESPIRATORY DISEASES

Dr. Fatima Al-Mansoori, Khalid Rahman, Assoc. Prof. Dr. Ahmed Khalil
Faculty of Veterinary Medicine, United Arab Emirates University

ABSTRACT

This nanoveterinary immunology investigation develops chitosan-tripolyphosphate
nanoparticles encapsulating Peste des Petits Ruminants (PPR) virus glycoproteins for single-
dose mucosal vaccination of Arabian dromedaries serving UAE's $2.1B camel racing industry.
Nanoparticle optimization achieves 87% entrapment efficiency alongside 180-day antigen
stability under desert storage conditions eliminating cold chain dependency across remote
Bedouin communities. Muco-adhesive properties enhance nasopharyngeal retention prolonging
IgA induction critical for respiratory challenge protection. Cellular immunity profiling confirms
Thl bias through IFN-y ELISPOT alongside CD8+ cytotoxic responses exceeding 4-fold
inactivated vaccine benchmarks. Challenge studies demonstrate 92% clinical protection against
aerosolized rinderpest serotype alongside sterilizing immunity preventing nasal shedding.
Economic modeling establishes 4.6:1 return through lifetime racing productivity preservation
alongside ritual slaughter security. Regulatory pathway leverages Gulf Cooperation Council
veterinary harmonization enabling regional deployment protecting 8.2 million Gulf camelids.
Scale-up establishes cGMP nanofabrication through Abu Dhabi pilot plant producing 25
million doses annually. Farmer acceptance studies confirm 94% adoption preference over
hypodermic alternatives through nasal applicator simplicity. Sustainability assessment
documents 73% carbon reduction versus traditional manufacturing. Intellectual property
portfolio includes nanoparticle composition alongside mucosal adjuvant claims supporting
UAE Vision 2030 knowledge economy diversification. Extension networks train 2,800 camel
health workers establishing community nano-vaccine refrigerators. Research positions
nanotechnology as transformative platform achieving herd immunity across arid pastoralist
systems while establishing Gulf leadership within global nanoveterinary innovation serving
$16B camelid cultural economies.

Keywords: camelid vaccines, nanotechnology delivery, PPR protection, mucosal immunity,
desert veterinary
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PROBIOTIC SUPPLEMENTATION EFFECTS ON BROILER CHICKEN GUT
MICROBIOME IN ARID CLIMATES

Prof. Dr. Noor Al-Harethi, Sara Hassan
Department of Animal Production, King Saud University

ABSTRACT

This microbiome engineering study optimizes multi-strain probiotic consortia for broiler
chickens confronting Arabian Peninsula heat stress compromising 18% survival through enteric
dysbiosis. 16S rRNA metagenomics documents Lactobacillus salivarius dominance
reestablishing Firmicutes:Bacteroidetes equilibrium disrupted by cyclic thermal duress
alongside Clostridium perfringens exclusion through competitive binding. Metabolomic
profiling confirms butyrate enhancement driving distal intestinal repair alongside lactate
utilization preventing D-lactic acidosis during peak temperature exposure. Performance
outcomes include 12% feed conversion superiority alongside 9% bodyweight advantage
persisting through slaughter despite 42°C housing challenges. Immune architecture reveals IL-
10 upregulation maintaining Th1/Th2 homeostasis alongside reduced acute phase proteins
indicating diminished heat-stress inflammation. Economic modeling confirms 3.9:1 return
through mortality elimination alongside uniform carcass quality preservation serving halal
export standards. Regulatory dossiers support Saudi FDA novel feed approval through three-
year safety documentation alongside zero withdrawal confirmation. Scale-up establishes
commercial fermentation through Riyadh Biotech Park producing 450 tons annually serving
Gulf Cooperation Council markets. Farmer training programs educate 3,200 integrators
establishing probiotic integration protocols within precision nutrition platforms. Sustainability
assessment documents 68% antibiotic reduction alongside enhanced nutrient recycling through
litter management. Research establishes microbiome therapeutics as foundational technology
achieving climate resilience within $24B Saudi poultry sector comprising essential protein
security serving 35 million residents alongside 18 million Hajj/Umrah pilgrims annually.

Keywords: broiler probiotics, arid climate microbiome, heat stress resilience, butyrate
metabolism, poultry nutrition
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ONE-HEALTH APPROACHES TO ZOONOTIC LEPTOSPIROSIS CONTROL IN
URBAN SINGAPORE

Dr. Wei Ling Tan, Assoc. Prof. Dr. Rajesh Kumar, Mei Ling Wong
Saw Swee Hock School of Public Health, National University of Singapore

ABSTRACT

This transdisciplinary One Health investigation integrates rodent population dynamics,
wastewater epidemiology, and clinical surveillance establishing leptospirosis transmission
circuits across Singapore's high-density urban interfaces where Rattus norvegicus flourishes
within wet markets alongside transient migrant worker dormitories. Serovar prevalence
profiling confirms Icterohaemorrhagiae dominance circulating through subsidized hawker
center waste streams alongside stormwater drains serving 5.8 million residents. Metagenomic
wastewater analysis detects pathogen load spikes correlating with monsoon flooding alongside
rodenticide application cycles indicating resistance emergence. Clinical cohort studies
document seroconversion among 87% wet market workers versus 14% office populations
confirming occupational amplification. Intervention trials validate integrated pest management
combining zero-rodenticide Integrated Nutrient Management alongside ultrasonic deterrents
achieving 76% Rattus population reduction without secondary wildlife poisoning. Community-
based surveillance empowers 2,400 block committees through smartphone microscopy
enabling real-time leptospira darkfield detection linked to national notifiable disease platforms.
Economic modeling establishes S$28M annual savings through outbreak prevention alongside
enhanced hawker productivity. Policy integration establishes National Leptospirosis Control
Act mandating tripartite human-animal-environmental monitoring across 72 planning areas.
Capacity building trains 1,800 public health officers establishing island-wide One Health
taskforce. Sustainability assessment confirms circular economy benefits through food waste
biodigestion eliminating 68% rodent attractants. Research positions Singapore as global model
achieving zoonotic elimination within land-scarce megacity through systems epidemiology
serving ASEAN regional reference center protecting $124B tourism economy alongside 1.2
million daily cross-border commuters.

Keywords: leptospirosis One Health, urban zoonoses, Singapore rodent control, wastewater
epidemiology, migrant health
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NANOSCALE SURFACE MODIFICATION TECHNIQUES FOR
SUPERCAPACITOR ELECTRODE ENHANCEMENT

Assoc. Prof. Dr. Yumi Kato, Takeshi Yamamoto
Department of Materials Science and Engineering, Tokyo Institute of Technology, Japan

ABSTRACT

This research explores advanced nanoscale surface modification strategies to substantially
improve supercapacitor electrode performance, focusing on transition metal oxide
nanostructures and carbon-based hybrids. Plasma etching combined with atomic layer
deposition creates hierarchical porosity architectures that dramatically expand accessible
surface area while maintaining electrical connectivity through three-dimensional conductive
networks. Chemical functionalization introduces oxygen-containing groups that enhance
pseudocapacitive charge storage mechanisms alongside improved electrolyte wettability. The
study systematically investigates defect engineering through ion implantation, creating oxygen
vacancies that serve as active catalytic sites for faradaic redox reactions while preventing
irreversible phase transformations during extended cycling. Laser interference lithography
patterns periodic nanostructures optimizing ion diffusion pathways and electric field
distribution at the electrode-electrolyte interface. These modifications collectively address
fundamental limitations of conventional supercapacitors including limited energy density, poor
rate capability at high current densities, and capacity degradation from mechanical stress during
volume changes. Comprehensive electrochemical characterization through cyclic voltammetry,
galvanostatic cycling, and electrochemical impedance spectroscopy confirms exceptional
performance metrics across wide temperature ranges and diverse electrolyte systems. Long-
term stability testing demonstrates retention of initial capacitance after thousands of cycles,
surpassing commercial benchmarks. Theoretical modeling elucidates structure-property
relationships guiding rational nanostructure design for next-generation energy storage. The
developed methodologies demonstrate broad applicability beyond supercapacitors to other
electrochemical systems including lithium-ion batteries and electrocatalysts. Scalable
fabrication processes utilize industrially viable equipment enabling commercial translation.
Research establishes comprehensive framework advancing electrode engineering from
empirical optimization toward physics-guided nanoscale architecture design achieving
breakthrough energy storage capabilities essential for electrified transportation and renewable
energy integration.

Keywords: supercapacitor electrodes, nanoscale modification, surface engineering,
pseudocapacitance, energy storage
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RECYCLED PLASTIC WASTE COMPOSITES FOR COST-EFFECTIVE NIGERIAN
HOUSING CONSTRUCTION

Dr. Chinedu Okonkwo, Ngozi Eze, Emeka Nwankwo
Department of Civil Engineering, University of Nigeria Nsukka, Nigeria

ABSTRACT

This research develops high-performance construction composites from recycled plastic waste
addressing Nigeria's critical housing deficit while simultaneously resolving plastic pollution
challenges. Mechanical and chemical recycling processes transform low-value polyethylene
and polypropylene waste into consistent composite feedstocks suitable for extrusion and
compression molding. Interfacial adhesion engineering through compatibilizer addition and
surface functionalization creates strong matrix-fiber bonding essential for structural
applications. The study systematically evaluates mixture designs optimizing mechanical
properties, thermal stability, and fire resistance required for building codes compliance.
Extruded hollow-core panels and compression-molded roofing sheets demonstrate superior
strength-to-weight ratios compared to traditional concrete masonry while providing excellent
thermal insulation suited to Nigeria's tropical climate. Accelerated weathering tests confirm
long-term durability under intense UV exposure, high humidity, and thermal cycling
characteristic of coastal and savanna regions. Life-cycle assessment reveals dramatically
reduced embodied carbon alongside elimination of landfill disposal costs. Economic analysis
confirms substantial savings through material cost reduction and accelerated construction
timelines enabled by lightweight prefabricated components. Local production eliminates import
dependency on cement while creating circular economy jobs collecting, processing, and
manufacturing recycled content products. Community deployment trials validate construction
worker training protocols alongside simplified assembly methods appropriate for semi-skilled
labor. The modular panel system facilitates rapid deployment in urban slums and rural
communities lacking conventional infrastructure. Research establishes comprehensive
framework transforming plastic waste from environmental liability into valuable construction
resource revolutionizing Nigerian housing delivery while advancing United Nations
Sustainable Development Goals for responsible consumption, sustainable cities, and climate
action through innovative materials engineering tailored to local resource realities.

Keywords: recycled plastic composites, sustainable construction, Nigerian housing, circular
economy, waste valorization
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BIODEGRADABLE POLYMER BLENDS FROM AGRICULTURAL WASTE FOR
NIGERIAN PACKAGING INDUSTRY

Prof. Dr. Aisha Bello, Tunde Adeyemi
Department of Chemical Engineering, Ahmadu Bello University, Nigeria

ABSTRACT

This research develops high-performance biodegradable polymer blends from abundant
Nigerian agricultural waste biomass including cassava peels, rice husks, and sugarcane bagasse,
creating sustainable alternatives to petroleum-based plastics dominating local packaging
markets. Thermomechanical processing converts lignocellulosic waste into thermoplastic
starch matrices reinforced with nanocellulose fibers extracted through mild chemical treatments
preserving native crystalline structure. Compatibilization strategies employing maleic
anhydride grafting overcome inherent hydrophilicity challenges enabling water-resistant films
suitable for food contact applications. Comprehensive materials characterization confirms
balanced mechanical properties combining stiffness from natural fiber reinforcement with
ductility from plasticized starch matrices. Accelerated biodegradation testing demonstrates
complete mineralization within months under local composting conditions contrasting decades
required for conventional plastics. Oxygen and water vapor transmission rates meet fresh
produce packaging requirements preventing spoilage while maintaining carbon footprint
advantages over imported bioplastics. Scale-up manufacturing utilizes existing extrusion and
blown-film equipment minimizing capital investment barriers for local converters. Economic
modeling confirms competitive pricing against polyethylene through elimination of import
tariffs and duties while generating value-added employment in rural biomass collection zones.
Regulatory compliance achieved through Nigerian Industrial Standards Organization
certification facilitates market access for food packaging applications. Life-cycle assessment
quantifies environmental benefits including avoided marine pollution and greenhouse gas
emissions. Consumer acceptance trials confirm preference for transparently labeled
biodegradable packaging among urban supermarket shoppers. The research establishes
complete value chain from farm waste collection through industrial conversion creating
sustainable packaging ecosystem supporting Nigeria's agricultural economy while positioning
local manufacturers within growing global green packaging market projected to reach
substantial market share within decade.

Keywords: biodegradable polymers, agricultural waste, Nigerian packaging, bioplastics,
sustainability
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TITANIUM ALLOYS FOR TANZANIAN MINING EQUIPMENT UNDER
CORROSIVE CONDITIONS

Dr. Juma Mtui, Fatuma Ally, Assoc. Prof. Dr. Elias Nnko
Department of Mechanical and Industrial Engineering, University of Dar es Salaam, Tanzania

ABSTRACT

This research develops corrosion-resistant titanium alloys specifically engineered for
Tanzania's aggressive mining environments combining acidic tailings slurries, hypersaline
brines, and abrasive mineral suspensions. Beta titanium alloys with controlled aluminum-
vanadium chemistry achieve optimal balance between strength, toughness, and pitting
corrosion resistance essential for slurry pump impellers, hydrocyclone liners, and tailings
pipework. Powder metallurgy processing enables precise control over microstructure
eliminating segregation issues plaguing conventional ingot metallurgy while reducing material
costs through scrap recycling. Surface modification through plasma electrolytic oxidation
creates thick ceramic-like coatings providing abrasion protection alongside self-healing
properties in chloride environments. Comprehensive laboratory testing replicates Geita and
Bulyanhulu mine conditions confirming superior performance against conventional stainless
steels suffering rapid pitting and crevice corrosion failure. Field trials document extended
component lifetimes substantially reducing maintenance shutdowns and replacement costs
critical for continuous mining operations. Economic analysis confirms favorable lifecycle costs
despite higher initial material expense through dramatic reduction in downtime and safety
incidents associated with catastrophic corrosion failures. Local fabrication capabilities
established through University of Dar es Salaam technology transfer creating skilled
manufacturing jobs while reducing import dependency. The research addresses fundamental
materials challenges specific to East African geology including sulphide ore processing and
alkaline tailings management. Comprehensive failure analysis of existing equipment informs
alloy design criteria ensuring fitness-for-service under extreme service conditions. Strategic
partnerships with Barrick Gold and AngloGold Ashanti validate industrial scale performance
while informing national standards development. Research establishes titanium technology
platform supporting Tanzania's mining sector growth while building local engineering capacity
essential for downstream value addition and economic development.

Keywords: titanium alloys, corrosion resistance, Tanzanian mining, materials engineering,
slurry abrasion
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NATURAL FIBER-REINFORCED CONCRETES FOR SUSTAINABLE TANZANIAN
INFRASTRUCTURE
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Department of Structural and Construction Engineering, Ardhi University, Tanzania

ABSTRACT

This research develops high-performance natural fiber-reinforced concrete utilizing Tanzanian
sisal, coconut coir, and rice straw for sustainable infrastructure development addressing chronic
material shortages and import dependency. Alkali treatment optimization extracts optimal fiber
properties while ensuring strong cement matrix bonding essential for composite action.
Extensive materials characterization confirms substantial improvements in post-cracking
tensile capacity, impact resistance, and ductility transforming brittle concrete into pseudo-
ductile structural material suitable for seismic zones and blast loading. Long-term durability
studies demonstrate excellent performance under tropical exposure including wet-dry cycling,
thermal expansion, and alkali-silica reaction common in local aggregates. Structural testing of
beams, slabs, and walls validates code-compliant flexural and shear capacities enabling
widespread adoption in low-rise buildings, rural bridges, and community infrastructure. Life-
cycle assessment confirms dramatic carbon footprint reduction through cement replacement
and local materials substitution alongside elimination of synthetic fiber imports. Economic
modeling demonstrates substantial savings through reduced formwork requirements and
accelerated construction timelines enabled by enhanced fresh concrete workability. Local
production protocols leverage existing small-scale industries creating circular economy
opportunities while building technical capacity through Ardhi University training programs.
The research systematically addresses East African construction challenges including aggregate
variability, high chloride exposure, and limited skilled labor availability. Comprehensive design
guidelines and national standards development facilitate regulatory approval and contractor
confidence. Strategic demonstration projects showcase performance in actual service
environments building market acceptance. Research establishes comprehensive framework
transforming natural fiber waste into high-value construction materials supporting Tanzania's
infrastructure expansion while advancing sustainable development goals through indigenous
resource utilization.

Keywords: natural fiber concrete, sustainable construction, Tanzanian infrastructure, ductility
enhancement, sisal reinforcement
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GEOPOLYMER CONCRETES FROM GEORGIAN VOLCANIC ASH FOR
EARTHQUAKE-RESISTANT STRUCTURES

Prof. Dr. Giorgi Tsiklauri, Nino Beridze, Lasha Kapanadze
Faculty of Civil Engineering, Georgian Technical University, Georgia

ABSTRACT

This research develops high-strength geopolymer concretes utilizing abundant Georgian
volcanic ash deposits from the Javakheti Plateau creating earthquake-resistant construction
materials without Portland cement. Calcined obsidian and rhyolitic tuffs provide excellent
reactive aluminosilicate precursors achieving compressive strengths exceeding conventional
concrete through optimized alkali activation chemistry. Comprehensive materials
characterization confirms dense three-dimensional gel networks responsible for exceptional
durability under aggressive sulfate and chloride exposures characteristic of Black Sea coastal
environments. Seismic performance testing demonstrates superior energy dissipation capacity
and deformation compatibility crucial for structures located along active Caucasian fault
systems. Long-term durability studies confirm dimensional stability and minimal strength
regression under combined mechanical loading and environmental exposure. Economic
analysis reveals substantial savings through elimination of cement import costs alongside
utilization of local industrial byproducts. Local production protocols leverage existing concrete
plants requiring minimal equipment modification enabling rapid market penetration. The
research systematically addresses Georgia's specific seismic hazards including near-field
effects, long-period ground motions, and soft soil amplification prevalent in Thilisi basin.
Structural design guidelines incorporate geopolymer time-dependent properties ensuring code-
compliant performance. Strategic demonstration projects including school reconstructions
showcase performance under actual seismic loading while building contractor confidence. Life-
cycle assessment confirms dramatic reduction in embodied carbon essential for Georgia's net-
zero construction targets. Technology transfer partnerships create skilled employment while
supporting national reconstruction programs. Research establishes comprehensive framework
transforming volcanic waste into strategic construction material enhancing national resilience
against recurrent earthquake threats while advancing circular economy principles through
indigenous resource engineering innovation.

Keywords: geopolymer concrete, volcanic ash, earthquake resistance, sustainable construction,
alkali activation
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SHAPE MEMORY POLYMERS FOR SMART TEXTILES IN GEORGIAN WINTER
APPAREL

Assoc. Prof. Dr. Mariam Gelashvili, Irakli Lomidze, Dr. Tamar Chikhradze
Department of Textile and Fiber Engineering, Georgian Technical University, Georgia

ABSTRACT

This research develops shape memory polymer composites integrated into smart textiles
providing adaptive thermal regulation for Georgia's severe continental winter climate.
Thermomechanical programming enables fabrics to memorize temporary configurations
activated through body heat providing on-demand insulation adjustment. Multi-responsive
formulations combine thermal, moisture, and mechanical stimuli creating truly adaptive apparel
systems responding to environmental changes and user activity. Comprehensive materials
characterization confirms excellent shape fixity and recovery ratios alongside sufficient
mechanical properties for structural apparel applications. Durability testing demonstrates
performance retention after repeated launderings and environmental exposures characteristic of
high mountain regions. Functional prototypes include jackets automatically tightening at chest
level during wind exposure and gloves providing adjustable grip enhancement through
programmed surface texturing. Integration with wearable electronics enables remote activation
and performance monitoring expanding application possibilities. Economic analysis confirms
competitive pricing against down-filled alternatives while providing superior comfort and
functionality. Local production leverages Georgia's established textile industry requiring
minimal capital investment for market disruption. The research addresses specific Caucasian
climate challenges including rapid temperature swings, high humidity during thaws, and
prolonged sub-zero exposure. User trials among Svaneti mountain communities validate
practical performance under extreme conditions while informing iterative design
improvements. Intellectual property protection secures commercial exploitation pathways
alongside technology licensing opportunities. Strategic partnerships with Georgian apparel
manufacturers facilitate industrial scale-up. Research establishes comprehensive framework
advancing smart textiles from laboratory curiosity toward practical winter protection
revolutionizing cold weather apparel through materials innovation tailored to regional
environmental challenges and cultural requirements.

Keywords: shape memory polymers, smart textiles, adaptive apparel, thermal regulation,
winter clothing
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