CONFERENCE BOOK

AVRASYA

14. ULUSLARARASI
—Y— | UYGULAMALI BILIMLER
T-owekmazs | KONGRESIH

AVRASYA

14th INTERNATIONAL CONFERENCE ON APPLIED SCIENCES

OCTOBER 17-19, 2025
TBILISI

ISBN : 978-625-5694-42-3
ACADEMY GLOBAL PUBLISHING HOUSE

SITIES 4

( ) | M
H g z
z é 1‘ GI ESTE 2021
‘é_f, JOURNAL OF ADVANCES IN ENGINEERING,
UASJOURNAL gy o : 000 -
. NCADEMY waara artdergl.com wewrm e jouTTa | oo
ijasjournal.oom




ACADEMY GLOBAL CONFERENCES & JOURNALS 2025

ONFERy, ONFEREY
w i A, A (7,
o e:,-; @§- Sy

't

&y
=
=
S
s
3
=

ACADE,
My p
'y
NS

B

www.akademikengre.org

AVRASYA
14TH INTERNATIONAL CONFERENCE ON APPLIED SCIENCES
OCTOBER 17-19, 2025
TBILISI

Edited By
ASSIS. PROF. DR. MEHDI MESKINI HAYDARLOU

Issued: 10.11.2025
ISBN: 978-625-5694-42-3

ASSOCIATION & ACADEMIC INCENTIVES :
In the conference 33 papers have been presented by Turkish participants and 49 papers
by foreign participants.
Members of the organizing committees of the conference perform their duties with an
"official assignment letter"

All rights of this book belong to Academy Global Publishing House
Without permission can’t be duplicate or copied.
Authors of chapters are responsible both ethically and juridically.
Academy Global-2025©



ACADEMY GLOBAL CONFERENCES & JOURNALS 2025

CONFERENCE ID

AVRASYA
14TH INTERNATIONAL CONFERENCE ON APPLIED SCIENCES

DATE - PLACE
OCTOBER 17-19, 2025

TBILISI

ORGANIIZATION
ACADEMY GLOBAL CONFERENCES & JOURNALS

EVALUATION PROCESS
All applications have undergone a double-blind peer review process.

PARTICIPATING COUNTRIES

Turkey — Iran — Egypt — Serbia- Eritrea- Russia- Ethiopia- Kyrgyzstan- Oman-
Singapore- Taiwan- India- Pakistan- Mexico- Brazil- Philippines- Argentina- Chile-
Colombia- Netherlands- Japan- Algeria- Italy- Belarus-

PRESENTATION
Oral presentation



ACADEMY GLOBAL CONFERENCES & JOURNALS 2025

CONGRESS ORGANIZING BOARD

Prof. Dr. Hiilya Cicek - Gaziantep Universitesi
Prof. Dr. Ali Bilgili - Ankara Universitesi
Prof. Dr. Naile Bilgili - Gazi Universitesi
Prof. Dr. Basak Hanedan - Atatiirk Universitesi
Prof. Dr. Hajar Huseynova - Azerbaijan Devlet Pedagoji Universitesi
Prof. Dr. Dwi Sulisworo - Ahmad Dahlan University
Prof. Zain Musa - Royal Academy of Cambodia
Prof. Dr. Sameer Jain - NICMAR University
Prof Yakup Babayev - Azerbaijan Devlet Pedagoji Universitesi
Prof. Dr. Suyatno - Ahmad Dahlan University
Prof. Dr. Al-Rashiff H. Mastul -Mindanao State University
Prof. Dr. Alhisan U. Jemsy - Mindanao State University
Prof. Dr. Elif Akpinar Kiilekgi - Atatiirk Universitesi
Prof. Dr. Mehtap Kavurmaci - Atatiirk Universitesi
Prof. Dr. Belkis Ozkara - Afyon Kocatepe Universitesi
Prof. Dr. Mavlonova Ugiloy Khamdamovna - Zarmed University
Assoc. Prof. Dr. Aysel Arslan - Sivas Cumhuriyet Universitesi
Assoc. Prof. Dr. Yeliz Cakir Sahilli - Munzur Universitesi
Assoc. Prof. Dr. Siddik BAKIR - Ataturk Universitesi
Assoc. Prof. Dr. Berna Kogak - Munzur Universitesi
Assoc. Prof. Dr. Irade Kerimova - Azerbaycan Devlet Pedagoji Universitesi
Assoc. Prof. Dr. Dhesi Ari Astuti - Ahmad Dahlan University
Assoc. Prof. Dr. Mehmet Firat Baran - Batman Universitesi
Assoc. Prof. Dr. Abdulkadir Aydin - Dicle Universitesi
Assoc. Prof. Dody Hartanto - Ahmad Dahlan University
Assoc. Prof. Dr. Rungchacadaporn - Ahmad Dahlan University

Assoc. Prof. Nazile Abdullazade - Azerbaijan Devlet Pedagoji Universitesi



ACADEMY GLOBAL CONFERENCES & JOURNALS 2025

Assoc Prof. Dr. Feran Asur - Van Yiiziincii Y1l Universitesi
Assoc Prof. Dr. Erkan EFILTI - Kirgizistan-Tiirkiye Manas University
Assoc. Prof. Dr. Dini Yuniarti - Ahmad Dahlan University
Assoc. Prof. Ivaylo Staykov - New Bulgarian Universitesi
Assoc. Prof. Dr. Abbas Ghaffari - Tebriz Universitesi
Assoc. Prof. Dr. Yasemin Tas - Gazi Universitesi
Assoc. Prof. Dr. Yegano Qohromanova - Azerbaijan Devlet Pedagoji Universitesi
Assoc. Prof. Dr. Biilent Isik - Karamanoglu Mehmet Bey Universitesi
Assoc. Prof. Dr. Nurkan Yilmaz - inénii Universitesi
Assoc. Prof. Dr. Homzo Oliyev- Azerbaijan Devlet Pedagoji Universitesi
Assoc. Prof. Dr. Sevra Firinciogullart
Assist. Prof. Ihnwan Ghazali - Technic University of Malaysia
Assist. Prof. Dr. Abisov Elsad Sarafxan oglu- Azerbaijan Devlet Pedagoji Universitesi
Assist. Prof. Dr. Mahrukh Dovlatzade - Azerbaijan Devlet Pedagoji Universitesi

Assist. Prof. Dr. Naci Biiyiikkaracigan- Selguk Universitesi

Assist. Prof. Dr. Songiil Atak - Dicle Universitesi

Lecturer Mehmet Nuri Odiik - Selguk Universitesi

Dr. Fatih . Kursunmaden - Selcuk Universitesi
Assist. Prof. Dr. Mehdi Meskini Heydarlou —
Dr. Dadash Mehravari - Tebriz Universitesi
Dr. Aynurs Bliyeva - Azerbaijan Devlet Pedagoji Universitesi
Dr. Giiltekin Giirgay

Dr. Amaneh Manafidizaj



ACADEMY GLOBAL CONFERENCES & JOURNALS 2025

Scientific & Review Committee

Prof. Dr. Hiilya Cigek — Turkiye
Prof. Dr. Emine Koca — Turkiye
Prof. Dr. Fatma Kog — Turkiye
Prof. Dr. Valide Pasayeva - Tiirkiye
Prof. Dr. Ali Bilgili - Turkiye
Prof. Dr. Naile Bilgili - Turkiye
Prof. Dr. Basak Hanedan — Turkiye
Prof. Dr. Aysel Giiven - Turkiye
Prof Dr. Biilent Kurtisoglu — Turkiye
Prof. Dr. Hajar Huseynova — Azerbaijan
Prof. Dr. Dwi Sulisworo — Indonesia
Prof. Dr. Natalia Latygina — Ukraina
Prof. Dr. Yunir Abdrahimov — Russia
Prof. Muntazir Mehdi — Pakistan
Prof. Dr. T.Venkat Narayana Rao — India
Prof. Dr. Izzet Giimiis — Turkiye
Prof. Dr. Mustafa Bayram — Turkiye
Prof. Dr. Saim Zeki Bostan — Turkiye
Prof. Dr. Hyeonjin Lee — China
Prof. Yakup Babayev - Azerbaijan
Prof. Dr. Suyatno — Indonesia
Prof. Dr. Zain Musa — Cambodia
Prof. Dr. Sameer Jain — India
Prof. Mehdi Mohammadzade — Iran
Prof. Dr. Ika Maryani — Indonesia
Prof. Dr. Guler Yenice — Turkiye
Prof. Dr. Elif Akpinar Kiilek¢i — Turkiye
Prof. Dr. Mavlonova Ugiloy Khamdamovna — Uzbekistan

Prof. Dr. Mehtap Kavurmaci — Tiirkiye



ACADEMY GLOBAL CONFERENCES & JOURNALS 2025

Prof. Dr. Belkis Ozkara — Tiirkiye
Prof. Dr. Al-Rashiff Hamjilani Mastul — Philipinnes
Prof. Dr. Alhisan U. Jemsy — Philippines
Assoc. Prof. Dr. Aysel Arslan - Turkiye
Assoc. Prof. Dr. Siddik Bakir — Turkiye
Assoc. Prof. Dr. Meryem Oztiirk - Turkiye
Assoc. Prof. Dr. Yeliz Cakir Sahilli - Turkiye
Assoc. Prof. Dr. Berna Kogak - Turkiye
Assoc. Prof. Dr. Dhesi Ari Astuti — Indonesia
Assoc. Prof. Dr. Abdulkadir Aydin - Turkiye
Assoc Prof. Dr. Feran Asur — Turkiye
Assoc. Prof. Dr. Yasemin Tas — Turkiye
Assoc. Prof. Dr. Biilent Isik - Turkiye
Assoc. Prof. Dr. Nurkan Yilmaz - Turkiye
Assoc. Prof. Dr. Sevra Firinciogullar: - Turkiye
Assoc. Prof. Dr. Abdulsemet Aydin — Turkiye
Assoc. Prof. Dr. Mehmet Firat Baran - Turkiye
Assoc. Prof. Dr. Dilorom Hamroeva - Ozbekistan
Assoc. Prof. Dr. Abbas Ghaffari — Iran
Assoc. Prof. Ivaylo Staykov - Bulgaria
Assoc. Prof. Dr. Dini Yuniarti — Indonesia
Assoc. Prof. Dr. Umit Ayata — Turkiye
Assoc. Prof. Dr. Homzo Oliyev - Azerbaijan
Assoc. Prof. Dr. Okan Sarigéz — Turkiye
Assoc. Prof. Dr. Eda Bozkurt — Turkiye
Assoc. Prof. Dr. Ahmet Topal — Turkiye
Assoc. Prof. Dr. Abdulkadir Kirbas — Turkiye
Assoc. Prof. Dr. Mesut Bulut — Turkiye
Assoc. Prof. Dr. Fahriye Emgili — Turkiye
Assoc. Prof. Dr. Sandeep Gupta — India

Assoc. Prof. Dr. Veysel Parlak — Turkiye



ACADEMY GLOBAL CONFERENCES & JOURNALS 2025

Assoc. Prof. Dr. Mahmut Islamoglu — Turkiye
Assoc. Prof. Dr. Nazile Abdullazade — Azerbaijan
Assoc. Prof. Dr. Irade Kerimova - Azerbaijan
Assoc. Prof. Dr. Yegano Qshramanova — Azerbaijan
Assoc. Prof. Dr. Ali Vandshoari — [ran
Assoc. Prof. Dr. Dinara Fardeeva — Rusya
Assoc. Prof. Dr. Goksel Ulay — Turkiye
Assoc. Prof. Dr. Erkan Efilti - Kirgizhstan
Assist. Prof. K. R. Padma — India
Assist. Prof. Dr. Omid Afghan - Afghanistan
Assist. Prof. Dr. Maha Hamdan Alanazi - Saudi Arabia
Assist. Prof. Dr. Dzhakipbek Altaevich Altayev - Kazakhstan
Assist. Prof. Dr. Amina Salihi Bayero — Nigeria
Assist. Prof. Dr. Ahmad Sharif Fakheer - Jordania
Assist. Prof. Dr. Dody Hartanto - Indonesia
Assist. Prof. Dr. [hwan Ghazali - Malaysia
Assist. Prof. Dr. Mehdi Meskini Heyladou — Iran
Assist. Prof. Dr. Bazarhan imangalieva - Kazakhstan
Assist. Prof. Dr. Keles Nurmasuli Jaylibay - Kazakhstan
Assist. Prof. Dr. Mamatkuli Juraev — Ozbekistan
Assist. Prof. Dr. Kalemkas Kalibaeva — Kazakhstan
Assist. Prof. Dr. Bouaraour Kamel — Algeria
Assist. Prof. Dr. Alia R. Masalimova - Kazakhstan
Assist. Prof. Dr. Amanbay Moldibaev - Kazakhstan
Assist. Prof. Dr. Ayslu B. Sarsekenova - Kazakhstan
Assist. Prof. Dr. Bhumika Sharma - India
Assist. Prof. Dr. Gulsat Sugaeva — Kazakhstan
Assist. Prof. Dr. K.A. Tleubergenova - Kazakhstan
Assist. Prof. Dr. Cholpon Toktosunova — Kirgizia
Assist. Prof. Dr. Hoang Anh Tuan — Vietnam

Assist. Prof. Dr. Songiil Atak - Tiirkiye



ACADEMY GLOBAL CONFERENCES & JOURNALS 2025

Assist. Prof. Dr. Botagul Turgunbaeva - Kazakhstan
Assist. Prof. Dr. Dinarakhan Tursunalieva - Kirgizia
Assist. Prof. Dr. Yang Zitong — China
Assist. Prof. Dr. Gulmira Abndirasulova — Kazakhstan
Assist. Prof. Dr. Imran Latif Saifi — South Africa
Assist. Prof. Dr. Murat Geng — Turkiye
Assist. Prof. Dr. Monisa Qadiri — India
Assist. Prof. Dr. Vaiva Balciuniene — Lithuania
Assist. Prof. Dr. Meltem Avan — Turkiye
Assist. Prof. Dr. Abisov Elsad Sorafxan oglu - Azerbaijan
Assist. Prof. Dr. Mahrukh Dovlatzade — Azerbaijan
Assist. Prof. Dr. Naci Biiyiikkaracigan — Turkiye
Assist. Prof. Dr. Raihan Yusoph — Philippines
Dr. Que-Nhu Duong - Vietnam
Dr. Fatih I. Kursunmaden — Turkiye
Dr. Mehmet Nuri Odiik — Turkiye

Dr. Ayse Baran - Turkiye

Dr. Aynurs Oliyeva - Azerbaijan
Dr. Sonali Malhotra — India

Dr. Amaneh Manafidizaji - Iran



Evrak Tarih ve Sayisi: 04.04.2024-475454

\;«?P ONj [’6‘4,6‘
7\ ¥ T.C. x
" ’ GAZIANTEP UNIVERSITESIi REKTORLUGU ~

. 1 TURKIVE CUMHURIYETI NIN YOzOnCd viLI
S Tip Fakiiltesi

Say1 :E-98102723-903.07-475454
Konu :Gorevlendirme Talebi

REKTORLUK MAKAMINA

[lgi : 27.03.2024 tarihli ve E--903.07-474236 say1il1 yazi

Fakiiltemiz T1bbi Biyokimya Anabilim Dali'nda gorevli dgretim iiyesi Prof. Dr. Hiilya CICEK'in
Yiiksekogretim Genel Kurulunun 15.06.2023 tarihli, 10 sayili oturumunda alinan 2023.10.183 sayilt
karar1 geregince Dogentlik Bagvuru Sartlarinda bulunan ve dogent olacak adaylardan istenen "Diger
uluslararasi/ ulusal bilimsel toplantinin diizenleme komitesinde resmi olarak gorevlendirilmis {iniversite
akademisyen temsilcisi bulunmasi zorunludur." maddesi geregince, Academy Global Conference &
Journals tarafindan yapilan kongrelerin diizenleme kurullarinda yolluksuz ve yevmiyesiz olarak
gorevlendirilme talebi ile ilgili dilekgesi ekte gonderilmistir

Adi gecen Ogretim iiyesinin Academy Global Conference & Journals tarafindan yapilan
kongrelerin diizenleme kurullarinda yolluksuz, yevmiyesiz olarak gorevlendirilmesinde Dekanligimizca
bir sakinca bulunmamaktadir.

Onaylarmiza arz ederim

Prof.Dr. Sevki Hakan EREN
Dekan

OLUR

Prof.Dr. Arif OZAYDIN

Rektor
Ek:Ilgi Dilekge (1 Adet)
Dagitim:
Geregi: Bilgi:

Tibbi Biyokimya Anabilim Dali Bagskanligi Sayin Prof.Dr. Hiilya CICEK

Bu belge, giivenli elektronik imza ile imzalanmustir.

Belge Dogrulama Kodu : *BSFN3RR3CF* Pin Kodu : 27962 Belge Takip Adresi : https:/turkiye.gov.tr/gaziantep-universitesi-ebys
Adres : Gaziantep Universitesi Kampus Alani, Tip Fakiiltesi Dekanlig1, Sehitkamil - 27310 - Bilgi i¢in : Hiiseyin Temel
GAZIANTEP Unvani : Bilgisayar Isletmeni V.

Telefon : 0 (342) 360 60 60 Faks:0 (342) 360 16 17
e-Posta : tipfaksek@gmail.com Web : www.gantep.edu.tr/~tipdekanlik/bilgipaketi
Kep Adresi : gauntipdek@hs01.kep.tr
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Kongre Baglant1 Linki :

Join Zoom Meeting

https://us06web.zoom.us/j/88571518350?pwd=f0 YazCWBmbAiWrHygjKSjkbbSvotfd.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 igerisinde en KIDEMLI olan moderator olarak secilir. Moderatoriin oturum diizenini
gozetmesi, akademisyen adaylarim yonlendirmesi beklenmektedir.

e Oturuma baglanmadan 6nce Salon numaranizi adinizin dniine asagidaki gibi ekleyiniz. Bu sayede
kongre agilisinda 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 siiresi verilmektedir.

Sunumlar TURKCE veya INGILIZCE yapilabilmektedir.

Kameralar, oturum siiresince toplam % 70 oraninda ag¢ik olmak zorundadir.

Sunum yapan katilimcinin kamerasi acik olmak zorundadir.

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

Katilimei, kendi oturumda, oturum bitene kadar bulunmak zorundadir.

e Katilimcilarin kendi oturumlari disindaki oturumlara katilma zorunlulugu yoktur.

e ZOOM platformunun kapasite smir1 nedeniyle, DINLEYICI, sadece kapasite izin verdigi siirece kabul
edilebilmektedir.

e SADECE CALISMADA YAZAR OLARAK GECEN KiSiLER 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.

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

e 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 @ ‘?’ 'i f.‘;?ﬁ
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Meeting ID: 885 7151 8350 Passcode: 202224

17 Ekim / Oct 17, 2025 / 11:00 — 13:00 Time zone in Turkey (GMT+3)

Salon Moderator

Bildiri No ve Baslig1 / Paper ID and Title

Authors

HALL / SALON 1
Assoc. Prof. Dr. Ali Riza DENiZ

HALIC BOLGESINDEKI RADON (RN-222)
KONSANTRASYONLARININ
MEVSIMSEL INCELENMESI

Laman Seyfiyeva
Dr. Benin Toklu Alicli

IKI BOYUTLU Agl VE Aul MALZEMELERININ
TERMOELEKTRIK OZELLIKLERI

Burak ARAS
Dog. Dr., Yelda
KADIOGLU

FABRICATION AND CHARACTERIZATION OF HIGH-
PERFORMANCE Au/PENTACENE/p-Si HYBRID SCHOTTKY
PHOTODIODES

Assoc. Prof. Dr. Ali Riza
DENizZ

ELECTRICAL AND OPTICAL CHARACTERIZATION OF
HIGHLY CONDUCTING PEDOT:PSS INTERLAYERED AU/p-
Si HYBRID SCHOTTKY PHOTODIODES

Assoc. Prof. Dr. Ali Riza
DENizZ

THE IMPORTANCE OF SCADA SYSTEMS IN ELECTRIC
NETWORKS

Asst. Prof. Dr., Ibrahim
Cagri BARUTCU

Asst. Prof. Dr., Ersan Omer
YUZER

Lecturer, Emrah
HARMANCI

GROUNDING AND SAFETY PRECAUTIONS IN ELECTRICAL
INSTALLATIONS

Asst. Prof. Dr., Ersan Omer
YUZER

Asst. Prof. Dr., ibrahim
Cagri BARUTCU

Lecturer, Emrah
HARMANCI

REGENERATIVE BRAKING SYSTEM WITH BRUSHLESS
DIRECT CURRENT MOTOR DRIVE FOR ELECTRIC
BICYCLES

Emircan HIZARCI
Mustafa Gokhan DAGHAN
Mohammad Ruhul Amin
BHUIYAN

Hayati MAMUR

FOUR WHEEL DRIVE ELECTRIC LAND VEHICLE
ELECTRONIC SYSTEM DESIGN

Mustafa AKYUZ
Mohammad Ruhul Amimn
BHUIYAN

Hayati MAMUR
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Salon Moderator Bildiri No ve Baslig1 / Paper ID and Title Authors
FROBENIUS NUMBER AND GENUS IN NUMERICAL Mehmet Sait ALAKUS
SEMIGROUPS OF FIXED DETERMINING NUMBER FIVE Prof. Dr. Sedat ilhan
TYPE SEQUENCES OF NUMERICAL SEMIGROUPS Mehmet Sait ALAKUS
DETERMINED BY FIVE DETERMINANTAL NUMBERS Prof. Dr. Sedat ilhan
THE EXTENSION OF THE CONCEPT OF STRONG Asst. Prof. Dr. Dinger
SUMMABILITY THROUGH MODULUS FUNCTIONS Atasoy
4
<
()
N % ARTIFICIAL INTELLIGENCE-SUPPORTED OPTIMIZATION Asst. Prof. Dr. Dincer
Z e AND REGRESSION MODELING OF METEOROLOGICAL Sst. rrol. Lr. Linge
O p Atasoy
h = DATA
< =
% g
=~ © Prof. Dr. Kinyas POLAT
- X Prof. Dr. Selahattin
2' n DETERMINING CAMPAIGN PREFERENCES IN ONLINE BARDAK
= SHOPPING WITH ASSOCIATION ANALYSIS L
I [a) Prof. Dr. Timugin
u BARDAK
o
1
o Prof. Dr. Selahattin
PREDICTION OF BATTERY-CHARGED AND CHARGED BARDAK
HYBRID ELECTRIC VEHICLE PREFERENCES USING Prof. Dr. Kinyas POLAT
RANDOM FOREST MODEL Prof. Dr. Timugin
BARDAK
SEDANTER BIREYLERIN FiZIKSEL VE PSIKOLOJIK Prof. Dr. Umut CANLI
OZELLIKLERI ARASINDAKI ILISKININ INCENLENMESI T
ORTAOKUL OGRENCILERINDE GORSEL CALISMA
BELLEGI VE FIZIKSEL PERFORMANS ARASINDAKI iLiski | Prof- Dr. Umut CANLI
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Salon Moderator Bildiri No ve Baslig1 / Paper ID and Title Authors
Osman KURUDERE
Research Assist. Merve
POMOLOGICAL AND BIOCHEMICAL CHARACTERISTICS KARAKOYUN
OF AMASYA APPLE (MALUS DOMESTICA) GENOTYPES MUTLUAY
GROWN IN NIGDE-TURKEY Assoc. Prof. Dr. Seyma
ARIKAN
Prof. Dr. Muzaffer IPEK
FRUIT CHARACTERISTICS OF SOME HIGH-POTENTIAL ﬁrrj'f%ir' g;agnal KAL
PARENTAL TOMATO LINES TOURKMEN
ECOSYSTEM-BASED PLANTING DESIGN AND EXAMPLES Res. Asst., ilknur Yazict
FROM THE WORLD Prof. Dr., Engin Eroglu
Chemist PhD Student,
DEVELOPMENT OF A CU-BTC MODIFIED PENCIL DENIiZ KUPCUK
GRAPHITE ELECTRODE FOR ELECTROCHEMICAL Ogr. Gor. Dr. GIZEM
< DETERMINATION OF GLUTATHIONE IN DIETARY YILDIRIM BASTEMUR
™ ; SUPPLEMENT SAMPLES Prof. Dr. §ABR1YE
% Y PERCIN OZKORUCUKLU
| f Dr. Ogr. Uyesi Serpil
5) E TOXICOLOGICAL EFFECTS OF SELECTED FOOD AYGORMEZ
-~ fes) ADDITIVES ON BRAIN AND OVARY: A BIOCHEMICAL Prof. Dr. Mushap KURU
- o PERSPECTIVE Prof. Dr. Fatih Mehmet
3 a KANDEMIR
T
a Dog. Dr. Osman
Does the Shore D hardness property of wood change with the heat CAMLIBEL
treatment applied to any wooden material at 200 degrees? Dog. Dr. Abdi ATILGAN
Dog. Dr. Umit AYATA
Effects of Some Bleach Chemicals on Surface Properties of Prof. Dr. H}..iseym PEKER
Pericopsis Wood Dog. Dr. Goksel ULAY
Dog. Dr. Umit AYATA
. Lo A . Dog. Dr. Abdi ATILGAN
C\Vg(t;édy on Different Applications for Color Changing in Korina Prof. Dr. Hiiseyin PEKER
Dog. Dr. Umit AYATA
Dog. Dr. Osman
Application of Wood Preservative Chemicals Prepared with CAMLIBEL
Different Properties on Ebiara Wood Dog. Dr. Goksel ULAY
Dog. Dr. Umit AYATA
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Salon Moderator Bildiri No ve Baslig1 / Paper ID and Title Authors
ANALYSIS OF THE EFFECTS OF REINFORCEMENT METAL ggﬂ}‘f Mikh. Rumeysa
USAGE IN THE OVERLAP REGION ON THE STRENGTHOF | o0 o
ADHESIVE-BONDED JOINTS SOLMAZ
DORTDONERLERDE SES GURULTUSU KAYNAKLARININ Tolga DOGAN
INCELENMESI Prof. Dr. ilhami YIiGIT
Dog. Dr. Mehmet UZUN
FIRE PERFORMANCE OF CONCRETE Do, Sufks Alper OZDEMIR
z RECENT DEVELOPMENTS IN GEOPOLYMER CONCRETES | Dog. Dr. Mehmet UZUN
< E IN TERMS OF MATERIALS AND ENVIRONMENTAL IMPACT | Dr. Sitki Alper OZDEMIR
% -
~—
= g
S = ESTABLISHING READY-MADE TENT CITY PLANS FOR Dr.Ogr.Uyesi Sitki Alper
- = EMERGENCY SHELTER NEEDS: THE CASE OF ARSUZ OZDEMIR
- R DISTRICT Dog.Dr. Mehmet UZUN
< a
T 53
S
= Dr.Ogr.Uyesi Sitk1 Al
RECONSTRUCTION AFTER THE FEBRUARY 6 O;D%Mffs‘ ikt Alper
EARTHQUAKES; ANALYSIS OF PROJECT AREAS Dog.Dr. Mehmet UZUN
ANALYSIS OF THE EFFECTS OF DIFFERENT PIPE ggr. g?r"TBi“i ﬁlg\cﬁfsE
STRUCTURES ON THE ECONOMIST 0. UL, larka
Opr. Gor., Berna AKMESE
ECONOMIST PERFORMANCE BY PIPE TYPE Dog. Dr. Tarkan KOCA
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SYNTHESIS AND CHARACTERIZATION OF BIO-BASED
POLYMER NANOCOMPOSITES FOR ENVIRONMENTAL Prof. Dr. Arjun Mehta
APPLICATIONS Dr. Kavita Ramesh
Anil Verma
INVESTIGATION OF CATALYTIC ACTIVITY IN Assoc. Prof. Dr. Priya Nair
TRANSITION METAL OXIDES FOR GREEN HYDROGEN Rajesh Menon
PRODUCTION Prof. Dr. Harish VVenkatesh
Dr. Sandeep Choudhary
Ryo Tanaka
DESIGN OF NOVEL ORGANOMETALLIC COMPLEXES AS
EFFICIENT PHOTOCATALYSTS UNDER VISIBLE LIGHT Dr. Neha Kapoor
>
2 ENHANCED SUPERCAPACITOR PERFORMANCE USING
E GRAPHENE-BASED HYBRID MATERIALS Prof. Dr. Kenji Nakamura
S Dr. Aiko Matsuda
To) S5 >
z ¥ g
@) ] )
| S ELECTROCHEMICAL SYNTHESIS AND
< X 0 CHARACTERIZATION OF CERIUM-DOPED OXIDE FILMS Assoc. Prof. Dr. Haruto
& > g8 FOR SENSOR APPLICATIONS Yamashita
_ E % Ayaka Fujimoto
?(I oI Takuya Morimoto
o o
= E ()] DEVELOPMENT OF ADVANCED THERMALLY STABLE
S POLYIMIDES FOR SPACE MATERIALS .
o Dr. Naoki Sugahara
7] Prof. Dr. Emi Kobayashi
< Hanae Watanabe
SPECTROSCOPIC ANALYSIS OF METAL-LIGAND
INTERACTIONS IN RARE EARTH COMPLEXES Assoc. Prof. Dr. Viktar
Kuzniatsou
Dr. Hanna Barysava
Aliaksandr Ramanau
STRUCTURAL AND OPTICAL CHARACTERIZATION OF
SILVER-DOPED ZINC OXIDE NANOPARTICLES . .
Dr. Maryia Karatkevich
Prof. Dr. Pavel Zhurko
Dzmitry Asanau
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UNDERSTANDING THE MECHANICAL BEHAVIOR OF
NOVEL COMPOSITE MATERIALS UNDER HIGH STRESS .
Prof. Dr. Karim Bensalem
CONDITIONS .
Ahmed Ziane
ADVANCES IN NANOSTRUCTURED CERAMIC COATINGS A Prof. Dr. Sami
FOR HIGH-TEMPERATURE APPLICATIONS HZZ%‘;d rof. Lr. samira
Dr. Mourad Belkacem
Leila Ould Amar
SYNTHESIS AND CHARACTERIZATION OF .
BIODEGRADABLE POLYMER BLENDS FOR MEDICAL USE | Noureddine Boukhalfa
Prof. Dr. Farida Benamara
Yuki Matsumoto
© ENHANCING THE ELECTRICAL CONDUCTIVITY OF
c% GRAPHENE-BASED COMPOSITES Hiroshi Tanaka
g Assoc. Prof. Dr. Keiko Sato
©w Y
prd E
9 =} DEVELOPMENT OF LIGHTWEIGHT METAL ALLOYS FOR
% >' AUTOMOTIVE INDUSTRY
: E Dr. Akira Fujimoto
O [
T |8
T S OPTIMIZATION OF THERMOELECTRIC MATERIALS FOR
o
7] ENERGY HARVESTING Assoc. Prof. Dr. Yumi
< Kagawa
CORROSION RESISTANCE IMPROVEMENT IN ADVANCED
STEEL GRADES Dr. Martijn de Vries
Lars van den Berg
Sander Visser
Femke de Groot
3D PRINTING OF FUNCTIONAL POLYMER COMPOSITES
FOR INDUSTRIAL APPLICATIONS
Prof. Dr. Anneke Jansen
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UNDERSTANDING THE IMPACT OF NURSING Prof. Dr. Ahsan Malik
INTERVENTIONS ON PATIENT RECOVERY RATES S .
1 Dr. Sana Qureshi
Ali Raza
Hamid Ali
EVALUATING THE EFFECTIVENESS OF COMMUNITY
HEALTH NURSING PROGRAMS IN RURAL AREAS
5 Assoc. Prof. Dr. Farah Naz
NURSES' ROLE IN PROMOTING MENTAL HEALTH .
AWARENESS AMONG ADOLESCENTS Dr. Maria L opez
3 Catalina Rojas
Sofia Alvarez
ASSESSING THE QUALITY OF CARE IN INTENSIVE CARE
UNITS THROUGH NURSING AUDITS .
4 Claudia Herrera
Prof. Dr. Ignacio Soto
o THE INFLUENCE OF CONTINUOUS PROFESSIONAL
™~ g DEVELOPMENT ON NURSING PERFORMANCE
% () 5 Isabel VVargas
| % Dr. Felipe Molina
< Qo
¥ @
1 ? EXPLORING PATIENT SATISFACTION LEVELS IN
| < HOSPITAL NURSING SERVICES .
b7 R Marie Santos
I &) 6 Assoc. Prof. Dr. Juan dela
Cruz
NURSES’ PERCEPTIONS OF TELEHEALTH
IMPLEMENTATION DURING PANDEMIC TIMES
7 Dr. Angelica Reyes
Ramon Bautista
INVESTIGATING THE RELATIONSHIP BETWEEN NURSE
STAFFING AND PATIENT SAFETY OUTCOMES
Lea Fernando
8 Prof. Dr. Michael Tan
Cristina Lopez
STRATEGIES FOR IMPROVING NURSING CARE IN
CHRONIC DISEASE MANAGEMENT Dr. Josefa Mendoza
9 Assis. Prof. Dr. Ricardo
Pineda
Angela Cruz
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PHARMACEUTICAL NANOPARTICLE DELIVERY SYSTEMS Prof. Dr. Adeel Khan
FOR TARGETED CANCER THERAPY C
1 Dr. Maria Igbal
Assis. Prof. Dr. Salman
Ahmed
ADVANCES IN HERBAL MEDICINE FORMULATIONS AND
THEIR PHARMACOLOGICAL EFFECTS .
5 Dr. Hina Shah
Assoc. Prof. Dr. Farhan Ali
NOVEL SYNTHETIC ROUTES FOR ANTI-DIABETIC DRUGS . .
AND THEIR BIOAVAILABILITY Prof. Dr. Rizwan Qureshi
3 Dr. Sana Tariq
Dr. Imran Bashir
APPLICATION OF LIPOSOMAL CARRIERS IN ANTIVIRAL
o THERAPY Dr. Mei-Ling Chen
S 4 Assis. Prof. Dr. Wei-Hao
[0} S Lin
= I
9 >|' PHARMACOKINETIC MODELING OF NEW ANTI-
< g INFLAMMATORY COMPOUNDS
2 o Prof. Dr. Chun-Yi Huang
O 5
- .
.| —_
< )
T § EVALUATION OF DRUG INTERACTIONS IN
o POLYPHARMACY AMONG ELDERLY PATIENTS
6 Dr. Salim Al-Mahri
DESIGN AND DEVELOPMENT OF SUSTAINED-RELEASE
ORAL DOSAGE FORMS Prof. Dr. Khalid Al-Riyami
7 Dr. Mariam Al-Busaidi
Dr. Saif Al-Hinai
INVESTIGATING THE ANTICANCER POTENTIAL OF
MARINE-DERIVED COMPOUNDS .
Dr. Layla Al-Farsi
8 Assis. Prof. Dr. Nasser Al-
Hadhrami
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INNOVATIVE STRUCTURAL DESIGN APPROACHES FOR
EARTHQUAKE-RESISTANT BUILDINGS USING ADVANCED
1 SIMULATION TOOLS

Prof. Dr. Nurzat Sadykova
Assoc. Prof. Dr. Bakytbek

Tursunov
Aizada Kalykova
OPTIMIZATION OF HYDROPOWER TURBINE BLADES
THROUGH COMPUTATIONAL FLUID DYNAMICS Dr. Ulan Bekturov
2 ANALYSIS Nursultan Tashiev

Zhypargul Aitmatova

SMART SENSOR INTEGRATION FOR IMPROVED ROAD Assoc. Prof. Dr. Aibek
3 SAFETY IN AUTONOMOUS VEHICLE SYSTEMS Mamatov
Tilek Kudaibergenov
Asel Zhantoro
< DEVELOPMENT OF LOW-COST SOLAR WATER HEATING
8 % SYSTEMS FOR RURAL COMMUNITIES Prof. Dr. Mekdes Abebe
2 4 Abel Getachew
o S Fikirte Degu
Z 8 ©
9 - CD ENHANCED BIOMASS GASIFICATION TECHNOLOGY FOR
< ﬁ = SUSTAINABLE ENERGY PRODUCTION Dr. Tesfaye Alemu
wn [ o)
g 5~ Assoc. Prof. Dr. Mulugeta
Y— 5 i
_ Z o Fikadu
:EI 5 a Sara Kidane
= Y— 8 STRUCTURAL OPTIMIZATION OF BAMBOO-BASED
E 3 COMPOSITE MATERIALS FOR GREEN CONSTRUCTION .
a < Hanna Girma

6 Dr. Yonas Tilahun
Prof. Dr. Lemlem Tadesse

THERMAL MANAGEMENT IN ELECTRIC VEHICLES USING
ADVANCED PHASE CHANGE MATERIALS Assoc. Prof. Dr. Pavel
Smirnov

Dr. Irina Volkova
Mikhail Andreev

AI-BASED PREDICTIVE CONTROL SYSTEMS FOR
INDUSTRIAL ROBOTIC APPLICATIONS
Prof. Dr. Elena Kravchenko

8 Dmitry Belov
Alexei lvanov
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IN LARGE HERDS

Dr. Ahmed Hassan
Prof. Dr. Mohamed El-
Sayed

Salon Moderator Bildiri No ve Baslig1 / Paper ID and Title Authors
IMMUNE RESPONSE AND VACCINE EFFICACY IN DAIRY
CATTLE Prof. Dr. Reza Moradi
Dr. Sahar Ahmadi
Ali Tavakoli
ADVANCES IN DIAGNOSIS AND TREATMENT OF CANINE
PARVOVIRUS INFECTIONS Assoc. Prof. Dr. Nima
Ghasemi
Leila Farhadi
EVALUATION OF ANTI-PARASITIC DRUGS IN SHEEP
FLOCKS: RESISTANCE PATTERNS Dr. Hossein Kiani
Mohammad Rezaei
E PREVALENCE AND MOLECULAR CHARACTERIZATION OF
2 AVIAN INFLUENZA IN POULTRY FARMS Dr. Meron Bekele
< Assoc. Prof. Dr. Tsegaye
S % g Alemu
z X g
9 03 NUTRITIONAL INTERVENTIONS TO IMPROVE
< c REPRODUCTION IN DAIRY GOATS
%) © .- Mesfin Tesfaye
: § Q Dr. Hana Belay
| Y
< o 2
I ] 0— STRATEGIES FOR CONTROLLING BOVINE TUBERCULOSIS
S
3
<

EPIDEMIOLOGICAL STUDY OF FLEA-BORNE DISEASES IN
DOMESTIC CATS

Sara Kamal
Dr. Youssef Mansour
Ali EI-Mahdy
EFFECT OF ENVIRONMENTAL STRESS ON POULTRY
IMMUNE FUNCTION
Dr. Hani Salah

Nouran Abdelrahman
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HALL /SALON 1
Assoc. Prof. Dr. Siileyman BALCI

PSYCHOLOGICAL RESILIENCE AND CAREER BARRIERS
OF UNIVERSITY STUDENTS

Assoc. Prof. Dr. Siilleyman
BALCI

PhD. Student, ibrahim
BAYAM

PERCEIVED CAREER OBSTACLES, PSYCHOLOGICAL
RESILIENCE, AND FUTURE ANXIETY AMONG UNIVERSITY
STUDENTS

Assoc. Prof. Dr. Siilleyman
BALCI

PhD. Student, Gizem
Nurhan DAGLI

UNIVERSITE OGRENCILERININ EVLENME VE COCUK
SAHIBI OLMAYA ILISKIN NIYET VE ALGILARININ
INCELENMESI

Dr. Ogr. Uyesi Esra CEBI
Psikolog Abdullah
YAZICIOGLU

Psikolog Giirhan TASCI

CONFLICT RESOLUTION STYLES AND MARITAL
SATISFACTION IN MARRIED COUPLES: A LITERATURE
REVIEW

Psikolojik Danigman, flayda
Koca

Dr. Ogr. Uyesi , Bahar Mete
Otlu

A LITERATURE REVIEW ON THE LIFE EXPERIENCES OF
PARENTS OF CHILDREN WITH INTELLECTUAL
DISABILITIES IN TURKIYE

Psikolojik Danisman, Fatma
Maden Tagtan

Dr. Ogr. Uyesi , Bahar Mete
Otlu

SUC VE BAGIMLILIK ARASINDAKI ILiSKi: PSIKOSOSYAL
BiR DEGERLENDIRME

Dr. Ogr. Uyesi Dilan
Malgaz Giigli

Uzm. Klinik Psk. Biisra
Yagmur

SECONDARY TRAUMA, EMPATHY AND PERCEIVED
STRESS iN ADULTS: THE BOLU HOTEL FiRE

Yiiksek Lisans Ogrencisi,
frem Nur Cakiroglu,

Dr. Ogretim Uyesi, Bahar
Akoglu,
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1 WAYS TO DEVELOP SOFT SKILLS IN PRESCHOOL Vusala Aliveva Sardar gizi
CHILDREN 4 g
2 THE ACADEMIC OUTLOOK OF STUDIES ON Omer PEKTAS
INSTRUCTIONAL PLANNING IN TURKEY Prof. Dr. Burhan AKPINAR
>
~ g _ , o
= ; 3 The Problem of Unappointed Teachers in Turkey From an Dr. Ogr. Uyesi Esra Nur
@) O Employment Perspective AKPINAR
-
< £
0 =<
~ 2
- =
< o 4 An Examination of High School Students’ Reactions to Loss and E::g; B: gg;‘i? QXEQ:\I
I 5 Grief CEHK '
SCIENTIFIC MAPPING OF THE FIELD OF TEACHER Ogr. Gor. Sezai OZEL
5 PROFESSIONALISM: A BIBLIOMETRIC STUDY BASED ON Dog. Dr. Muhammed
JOURNAL ARTICLES (1971-2024) ZINCIRLI
AN EXAMINATION OF TEACHER CANDIDATES Orhan Onur YUKSEL
6 ATTITUDES TOWARD SPECIAL EDUCATION: A PRIMARY Burak Can AKAY
EDUCATION CASE STUDY Doc.Dr. Nese Kutlu Abu
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1 TOPLUMSAL DUZEN PROBLEMINE FARKLI Dog. Dr. S]@VRA
YAKLASIMLAR FIRINCIOGULLARI
P Karen Horney’s Theory of Alienation; Neurotic Sadistic Tendencies | Dog. Dr. SEVRA
and Modern Man FIRINCIOGULLARI
3 Azerbaijani language and corpus linguistics Prof. Dr. Hajar Huseynova

N
&=
o |2
= =) . THE IDEOLOGICAL INSTRUMENTALIZATION OF Dr.Ogr. Uyesi, Ayse
o o LITERARY FIGURES: THE CASE OF PARVIN E'TESAMI SOSAR
- =
5 | %
~ St
- z
3 . 5 THE REPRESENTATION OF THE “OTHER” IN SADEGH Dr.Ogr. Uyesi, Ayse
I a HEDAYAT’S PLAYS SOSAR
ot
=]
St
=5

INSULTING OFFENSES COMMITTED AGAINST LEGAL
6 ENTITIES IN MANISA ACCORDING TO ARCHiIVAL
RECORDS (1923-1950)

Prof. Dr. Nurettin
GULMEZ

VARIOUS PROBLEMS EXPERIENCED BY THOSE
7 SUBJECTED TO COMPULSORY RESETTLEMENT iN
MANISA (1923-1950)

Prof. Dr. Nurettin
GULMEZ

8 AHIR ZAMANDA KENDINi GUCLENDIRMEK Zulfa Annajah Zelviana
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1 NOVEL STUDIES ON THE USE OF BEE POLLEN AND TEA Dr Avdin KILIC
PLANT AS A FUNCTIONAL ADDITIVES IN MUSCLE FOODS e
? MEKANSAL MINIMALIZM VE KAPSUL OTEL DENEYIMI: Mert Can Ekiz
GENC KULLANICILAR UZERINDEN BiR DEGERLENDIRME | Prof.Dr. Deniz Demirarslan
MIKROPLASTIK KIRLILIGI VE TURIZM ARASINDAKI
3 ETKILESIM: SURDURULEBILIRLIK BAGLAMINDA NIiTEL Dr. Elanur MUTLU
BIR ARASTIRMA
i - Yiiksek Lisans Ogrencisi,
z 4 TOPLUMSAL CINSIYET BAGLAMINDA MUTFAK Doga Sevval SENER
c
<« M INVESTIGATION OF SUBSTANCE USE TENDENCIES OF %j&g}‘f BAYINDIR
= < 5 FEMALE UNIVERSITY STUDENTS ACCORDING TO THEIR Assoc. Prof. Rumevsa
O g SOCIODEMOGRAPHIC CHARACTERISTICS Falade Y
et z AKGUN
< g .
2 é 6 Examining Fear of Compassion in Adults in Terms of Different ggM(I;lgr Seda ERKUS
:ll &S‘ Variables Dog. Dr. Rumeysa AKGUN
< =
T A R . . . e
s IKINCIL TRAVMATIK STRES UZERINE EKSI SOZLUK y :
§ ! YORUMLARININ NiTEL ANALIZi Prof. Dr. Oguzhan ZENGIN
v
<
YAPAY ZEKA VE SOSYAL HIZMET: ETIK, UYGULAMA VE y :
8 | GELECEK PERSPEKTIFLERI Prof. Dr. Oguzhan ZENGIN
THE IMPORTANCE OF FAMILY AND EDUCATIONAL Prof. Dr. fhsan
9 INSTITUTIONS IN PREVENTING CHILDREN’S VIOLENCE CAPCIOGLU
AND CRIME TENDENCIES Aygiin Aliyeva
Prof. Dr. ihsan
10 SOCIOLOGICAL ANALYSIS ON VALUES EDUCATION CAPCIOGLU
Aygiin Aliyeva
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THE EVOLUTION OF DIGITAL CONTRACT LAW IN CROSS- Prof. Dr. Somchay
BORDER E-COMMERCE Vannasith
1 Assoc. Prof. Dr. Kethkeo
Inthavong
Anousone Phommalath
LEGAL FRAMEWORKS FOR ENVIRONMENTAL JUSTICE: A
COMPARATIVE STUDY OF RIVER POLLUTION CASES
’ Dr. Viengkeo Chansamouth
Souksavanh Latdavong
PROTECTION OF INDIGENOUS LAND RIGHTS UNDER
CONSTITUTIONAL LAW
3 Keophilavanh
Thongbay Sayasith
3
_~<>‘ THE ROLE OF JUDICIAL REVIEW IN STRENGTHENING
o g CONSTITUTIONAL DEMOCRACY Prof. Dr. Almazbek
Z wn
3 % 4 Sadykov
s |3
2 = CYBERSECURITY AND PRIVACY IN THE AGE OF
— <—( ARTIFICIAL INTELLIGENCE REGULATION
2' R 5 Nursultan Akmatov
T Ia) Dr. Gulmira Bektemirova
—
e
o THE LEGAL DIMENSIONS OF GENDER EQUALITY IN
CONTEMPORARY FAMILY LAW Assis. Prof. Dr. Ulanbek
6 Erkinov
MARITIME LAW CHALLENGES IN SOUTHEAST ASIAN
TRADE ROUTES Dr. Rizky Aditya Saputra
7 Assis. Prof. Dr. Dian
Kusumawardani Meerim
Duyshenalieva
THE EVOLVING INTERPRETATION OF HUMAN RIGHTS IN
INDONESIAN CONSTITUTIONAL COURT DECISIONS
8 Rendra Mahardika
Putri Ayu Prameswari
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INNOVATIVE APPROACHES TO ENHANCING RURAL Assoc. Prof. Dr. Khamphay
EDUCATION THROUGH DIGITAL LEARNING PLATFORMS ViIayr;hong‘ )
Sengchanh Thammavong
Dr. Nalinh Phommasane
ASSESSING THE IMPACT OF BILINGUAL CURRICULA ON
STUDENT PERFORMANCE IN PRIMARY SCHOOLS
Prof. Dr. Viengkham
Phanouvong
Souksavanh Keosavang
TEACHER TRAINING AND PEDAGOGICAL
TRANSFORMATION IN THE CONTEXT OF INCLUSIVE
EDUCATION REFORMS Dr. Khamphet
Souvannavong
Thidachan Inthavong
© DIGITAL PEDAGOGY AND ITS ROLE IN IMPROVING STEM Assoc. Prof. Dr. Aigul
3 EDUCATION AMONG SECONDARY STUDENTS Bekmuratova
3 Prof. Dr. Ruslan
S Nogoibekov
© (0 Bakyt Sadykova
% © EVALUATING STUDENT MOTIVATION AND SELF-
| S EFFICACY IN HYBRID LEARNING ENVIRONMENTS
< c D_r. Nurgul Dzhumabayeva
) < Aizada Omurbekova
: o Nurzada Altynbek
0 (@)
% § INTEGRATING CULTURAL VALUES INTO HIGHER
o EDUCATION CURRICULA FOR SUSTAINABLE Assoc. Prof. Dr. Ainura
S DEVELOPMENT . e
S Ermekova
(%)
<
THE ROLE OF PROJECT-BASED LEARNING IN
DEVELOPING CRITICAL THINKING SKILLS AMONG Dr. Siti Marlina
UNIVERSITY STUDENTS Assoc. Prof. Dr. Rini
Kartikasari
Andi Prayogo
EXPLORING THE EFFECTIVENESS OF MOBILE LEARNING
APPLICATIONS IN IMPROVING LANGUAGE COMPETENCY
Prof. Dr. Dewi Handayani
Dr. Rendra Nugraha
TRANSFORMATIVE TEACHING STRATEGIES FOR
PROMOTING STUDENT-CENTERED LEARNING IN HIGHER
EDUCATION Dr. Nabila Rahmawati
Intan Kusumadewi
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HALL / SALON 7
Assoc. Prof. Dr. Narmin Aliyeva

LANGUAGE, IDENTITY, AND POWER: A DISCOURSE
ANALYSIS OF POST-REVOLUTIONARY IRANIAN FICTION

Prof. Dr. Laleh Moradi
Dr. Kaveh Esfandiari
Nima Parsa

POETIC SYMBOLISM AND MYSTICAL EXPRESSION IN
CONTEMPORARY PERSIAN LITERATURE

Assoc. Prof. Dr. Shirin
Tabrizi

Dr. Mehran Daryaei
Leila Bahrami

Rashad Ismayilov

TRANSLATION AS CULTURAL NEGOTIATION:
COMPARATIVE STUDY OF CLASSIC PERSIAN TEXTS IN
ENGLISH RENDITIONS

Dr. Roya Sadighi

LINGUISTIC HYBRIDITY AND POSTCOLONIAL IDENTITY
IN MODERN AZERBAIJANI PROSE
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- ‘3 CAPITAL, POLITICS, AND POWER gL LT
_ 3 AKPINAR
: |2
T E
°
by INSANSIZ SISTEMLERIN GUNUMUZ ASKERI .
o) 5 STRATEJILERINDEKI DONUSTURUCU ROLU Dr. Begiim CARDAK
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1.
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=)}

c

I .

=} 3 Dr. Tural Guliyev

I
o =
z T
9 - ANALYSIS OF BUDDHIST PHILOSOPHICAL PRINCIPLES IN
< L TAIWAN’S URBAN SPIRITUAL PRACTICES -
N ; 4 Prof. Dr. Mei-Ling Chen
: o Hsiao-Yun Lin
=R
% o THE EVOLUTION OF RELIGIOUS FESTIVALS AND

0—_ COMMUNITY COHESION IN TAIWAN

Q Assoc. Prof. Dr. Wen-Hsiu

Q 5

a3 Huang

<
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ABSTRACT

In this study, a highly efficient Au/Pentacene/p-Si/Al hybrid Schottky photodiode was
successfully fabricated by combining an organic semiconductor pentacene layer with inorganic
p-type silicon (p-Si). The pentacene film was deposited on a cleaned p-Si substrate using high-
vacuum thermal evaporation. Aluminum (Al) served as an Ohmic contact on the back surface
of the device, and gold (Au) served as a Schottky contact on the pentacene. The electrical and
optical properties of the device were investigated in detail. Dark 1-V (Current-Voltage)
measurements demonstrated a high rectification ratio and demonstrated that the pentacene layer
successfully modulated the barrier height at the interface. The ideality factor (n) and Schottky
barrier height (®p) values obtained explained the charge transport mechanisms at the
pentacene/p-Si interface based on the thermionic emission model. The device's photodiode
performance was characterized at various wavelengths (especially in the visible region, where
pentacene exhibits strong absorption) and light intensities. The photodiode demonstrated a high
photocurrent/dark current ratio under reverse polarization. The measured spectral sensitivity
(R) and External Quantum Efficiency (EQE) values demonstrated the high efficiency of the
hybrid structure, which combines the broad absorption spectrum of pentacene with the superior
carrier collection ability of p-Si. These results demonstrate that the Au/Pentacene/p-Si hybrid
structure holds significant potential for low-cost, high-performance, and broad-spectrum
photodetectors and optoelectronic applications.

Key Words: Schottky Photodiode, Pentacene, Hybrid Structure, p-Si, Organic Semiconductor,
Spectral Sensitivity

1. INTRODUCTION

Photodiodes are the fundamental building blocks of modern optoelectronic systems such as
optical sensing, imaging, optical communication, and photovoltaic energy conversion. The high
manufacturing costs and limited spectral sensitivity ranges of traditional inorganic
semiconductor (Si)-based devices have led scientists to explore new-generation materials and
hybrid structures. In recent years, hybrid Schottky barrier diodes (SBDs), which combine the
superior carrier transport properties of inorganic semiconductors with the advantages of organic
materials such as low-temperature processability and adjustable energy bandgap, have become
a major focus of interest in this field [1].

Among organic semiconductors, pentacene stands out due to its high carrier mobility and
thermal stability. With an energy bandgap of approximately 1.82 eV, pentacene is an effective
absorber in the visible light spectrum, making it an attractive candidate for photodetector
applications. The combination of a pentacene thin film with high-performance p-type silicon
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(p-Si) allows the formation of a metal-organic-inorganic semiconductor (MOIS) structure that
benefits from both the efficient light-harvesting ability of the organic film and the excellent
carrier-collecting properties of silicon.

In this study, the electrical and optoelectronic properties of the Au/Pentacene/p-Si/Al hybrid
Schottky photodiode structure were investigated in detail. In the structure, the organic
pentacene layer acts as a critical interlayer, sandwiched between the metal (Au) and the p-Si
semiconductor. This layer not only enhances the spectral sensitivity of the device but also plays
a key role in modulating the Schottky barrier height at the metal-semiconductor interface and,
consequently, the overall performance of the device. This hybrid structure, constructed using
Al (ohmic) and Au (Schottky) for the bottom and top contacts, respectively, provides an ideal
platform for investigating phototransport mechanisms at the heterojunction formed at the
pentacene/p-Si interface [2].

The primary objective of this paper is to characterize the performance of this hybrid photodiode
in the dark and under various illumination intensities. Through current-voltage (I-V) and
capacitance-voltage (C—V) analyses, key electrical parameters such as barrier height, ideality
factor, series resistance, and interfacial trap density (Nss) will be determined with precision.
Furthermore, the photocurrent (lpn), photoresponsivity (R), and specific detectivity (D*) of the
device will be investigated to demonstrate the promising potential of the Au/Pentacene/p-Si/Al
structure for high-performance and low-cost optoelectronic applications. This work provides
significant contributions towards the successful integration of organic and inorganic
semiconductors and the enhancement of device efficiency through interface engineering.

2. MATERIALS AND METHODS

The fabrication of hybrid Au/Pentacene/p-Si/Al Schottky photodiodes consists of four key
steps, requiring meticulous sequencing and cleaning to obtain high-performance and
reproducible devices. p-Si wafers are cut to the desired device dimensions (usually around 1
cm?). A sequential and meticulous cleaning process is applied to remove particles, organic
residues, and native oxide from the surface. This process is usually carried out by ultrasonic
baths in acetone, isopropyl alcohol, and deionized (DI) water [3]. Aluminum (Al) metal (~10
nm thick) is evaporated onto the back surface of the p-Si using a thermal evaporation or electron
beam evaporation system. A good ohmic contact is formed between the aluminum and the p-
Si. To improve the quality of the ohmic contact, in some protocols, the Al/p-Si structure is
briefly annealed at high temperature (at 450°C for 5 min) under an inert gas (N2) atmosphere.
The prepared pentacene solution is dropped onto the surface of a p-Si substrate with an Al
contact. The substrate is rotated at high speeds (in the range of 2000 rpm) using a spin-coating
device. To remove residual solvent molecules from the formed film and optimize film
morphology, the device is annealed at low temperature in a controlled environment (under a
nitrogen atmosphere) or allowed to dry for a specified time. Film thickness is controlled by
adjusting the solution concentration and rotation speed. In the final step, the top contact, which
forms the optically active region, is evaporated onto the pentacene film. High-purity gold metal
(50 nm thick) is deposited onto the pentacene film through the mask apertures in a vacuum
evaporation unit. Au, with its high work function, contacts the pentacene, forming the Schottky
barrier necessary for device operation. Once the mask is removed, numerous Au/Pentacene/p-
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Si/Al hybrid photodiode devices are deposited on the substrate, ready for electrical
characterization.

3. RESULT AND DISCUSSIONS

The basic mathematical expressions required to calculate the ideality factor, barrier height, and
series resistance of an Au/Pentacene/p-Si/Al photodiode are typically derived from
measurements of the 1-V characteristics. These values are usually calculated using the current-
voltage equation, which is modeled according to thermionic emission theory of the diode. The
standard forward bias current equation for semiconductor-organic (or metal-semiconductor)
Schottky barrier diodes is [4]:

[ = I, [exp (eV/nkT) — 1] 1)
In this equation, lo is the reverse saturation current and is given by the formula:
lo = A A™T? exp (-q@u/KT) 2

g is the electron charge, k is the Boltzmann constant, T is the absolute temperature, A is the
active device area, and A" is the effective Richardson constant. The n indicates the extent to
which the diode deviates from ideal behavior and indicates the extent to which the charge
transport mechanism is affected by non-ideal processes such as tunneling, recombination, or
skin effects. For an ideal diode, n = 1, while in practical diodes, n>1 is usually sufficient. The
value of n is given by the following equation [5]:

n = e/kT dVv/d(Inl) 3)

The @y, represents the height of the potential barrier at the metal-semiconductor interface and
directly affects the electrical performance of the diode. To calculate the lo value from the
Richardson-Dushman equation, the reverse saturation current is first obtained from the
intersection of the In(I) vs. V plot at V=0. The @y, value is given by the following equation:

ed, = kT In(AA* T?/I,) 4)

In this study, the changes in the lo values and n and ®y parameters obtained from the I-V
measurements of the Au/Pentacene/p-Si/Al photodiode under light intensity using the above
formulas were investigated in detail depending on the illumination power.

The current-versus-voltage (I-V) characteristics of the Au/Pentacene/p-Si/Al photodiode,
shown in Fig. 1, clearly demonstrate the device's behavior as both a Schottky diode and a
photodiode. The general shape of the graph indicates that the diode tends to conduct current in
only one direction, the forward direction (V>0 Volt). Under forward bias, the current increases
exponentially, while under reverse bias (V<0 Volt), the current is very low. This is the expected
diode/Schottky barrier behavior. In the reverse bias region (down to -2 V), the current is very
low (between ~107 and 10 A). This low current indicates that the device has a low noise level
and a good rectification ratio, making it ideal for photodiode applications. When light is applied
(red and black curves), the photodiode characteristics of the device emerge. In both the forward
and reverse bias regions, the current increases with light application. This indicates that the
photodiode detects light and creates electron-hole pairs through photogeneration [6]. Especially
under reverse bias, the photocurrent (the difference between the light current and the dark
current) is significant. The photocurrent increases with increasing light intensity.



MADE,,

»

| CONFERg,
o ¥z,

AVRASYA 14th INTERNATIONAL CONFERENCE ON APPLIED SCIENCES October 17-19, 2025 - TBILISI
CONFERENCE BOOK - ISBN : 978-625-5694-42-3

A\
EITIEN
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Fig. 1 The I-V plots of Au/Pentacene/p-Si/Al photodiode

Table 1 Electrical parameters of Au/Pentacene/p-Si/Al structure under different light

intensities
Light Power Saturation n Dy (eV) Rectification
(mW/cm?) Current (A) ration (£ 2V)
In Dark 3.17x 108 1.52 0.77 183.0
50 6.80 x 10”7 2.45 0.69 63.4
100 1.25 x 107 3.34 0.57 27.6

Table 1 summarizes the four key electrical parameters of the Au/Pentacene/p-Si/Al photodiode
structure obtained in the dark and under different light intensities (50 mW/cm? and 100 mW/cm?):
lo, n, @b, and rectification ratio. The changes in these parameters indicate the behavior and
performance of the device as a photodiode under light. The ideality factor indicates how much the
diode deviates from the ideal thermionic emission pattern. In the dark, the n value was determined
as 1.52. This value indicates that in addition to thermionic emission, recombination-trapping
currents at the interface are also effective in the diode's current transport mechanism [7]. The n
value systematically increased with increasing light intensity (2.45 for 50 mW/cm? and 3.34 for
100 mW/cm?). This increase indicates that high light flux leads to more charge trapping and
recombination, especially at the Pentacene/p-Si interface. The increased trap density and
recombination move the diode's behavior further away from ideal. The barrier height represents the
fundamental height of the Schottky barrier. The @y value was 0.77 eV in the dark and decreased
with increasing light intensity (0.57 eV below 100 mW/cm?). This decrease in barrier height is a
typical indicator of a negative photoelectric effect. Photocarriers induced by light accumulate at
the interface, lowering the potential barrier. This, along with an increase in n, confirms that the
electrical properties of the device are strongly modulated by light. The rectification ratio represents
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the ratio between the diode's forward and reverse bias currents (the higher the rectification, the
better). The rectification ratio is highest in the dark at 183.0. This ratio decreases dramatically as
the light intensity increases (27.6 under 100 mW/cm?). This decrease clearly indicates that the
device operates as a photodiode. Light increases the reverse current (photocurrent), reducing the
difference between the forward and reverse currents, thus reducing the device's efficiency as a
rectifier. The data in the table confirm that the Au/Pentacene/p-Si/Al structure operates as a
photosensitive and active photodiode [8]. The significant modulation of the electrical parameters
of the device (especially n and ®p) by light indicates complex photoelectric phenomena such as
charge trapping and barrier height change occurring at the interface.

Fig. 2 shows the Ipn response of the Au/Pentacene/p-Si/Al photodiode to different light intensities.
This is a critical graph used to evaluate the fundamental performance of a photodiode. The graph
shows two different light intensity points, 50 mW/cm? and 100 mW/cm?, at T=300 K, and the trend
between these points.
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Fig. 2 The Ipn — P plots of Au/Pentacene/p-Si/Al photodiode

The most striking feature of the graph is the strong linearity between photocurrent and light
intensity. The light intensity was increased from 50 mW/cm? to 100 mW/cm?, exactly doubled.
Conversely, the photocurrent value also approximately doubled. This linear relationship
demonstrates the excellent fundamental photodiode performance of the device. In other words, an
increase in light flux translates directly into net current generation without causing any significant
loss in carrier generation or collection. The linear increase trend demonstrates that the device has
high and stable photosensitivity [9]. It is understood that each photocarrier pair (electron-hole)
generated is efficiently collected by the depletion region of the device. This indicates that no
significant recombination or saturation loss occurs at the interface, even at high currents. This direct
and simple relationship between photocurrent and light intensity makes the device ideal for many
applications: It can be easily calibrated as a sensor or photometer, providing precise and easy
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measurement of light intensity from the photocurrent value [10]. The linear response offers a
significant advantage for accurately detecting amplitude changes in optical signal receivers.

Photosensitivity indicates how much current the photodiode produces per unit of light power and
is a basic measure of how efficiently the device operates. R is calculated by the following formula
[11]:

R= lpn/Pinc = liight—Tdark/ A-lint 4)

Fig. 3 shows the relationship between the photosensitivity value of the Au/Pentacene/p-Si/Al
photodiode and the applied light intensity.
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Fig. 3 The R— P plots of Au/Pentacene/p-Si/Al photodiode

The most striking observation in the graph is that the photosensitivity level increases dramatically
as the light intensity increases. This increase in photosensitivity indicates that the device produces
more current per unit light power at higher light intensities, indicating an increase in efficiency. If
the response were perfectly linear, the photosensitivity should remain constant regardless of the
light intensity. However, the photosensitivity in the graph increases by a factor of almost four (~4).
This suggests that carriers lost at the Pentacene/p-Si interface at low light levels become saturated
at higher light levels and contribute more to the residual current generation. This trend suggests
that the device's quantum efficiency improves at higher light levels, requiring a higher light flux to
reach the photodiode's maximum potential. The device will exhibit its best performance and
sensitivity at higher light levels rather than at lower light levels [12].

Detectivity is one of the most important performance metrics of a photodetector and indicates how
well the detector can distinguish signal from noise.



MADE,,

»

| CONFERg,
o ¥z,

A\
EITIEN

AVRASYA 14th INTERNATIONAL CONFERENCE ON APPLIED SCIENCES October 17-19, 2025 - TBILISI
CONFERENCE BOOK - ISBN : 978-625-5694-42-3

The standard formula is [13]:

.. % Photoresponsivity (R) R
Dedectivity (D*) = = 5
Y ( ) V24! gark V29! gark ( )

Fig. 4 shows the relationship between the D" value of an Au/Pentacene/p-Si/Al photodiode and the
applied light intensity. D" is one of the most critical performance metrics indicating how effectively
the device can distinguish signal from noise. A key observation from the graph is that the
detectability of the photodiode increases significantly as the light intensity increases. This dramatic
increase in D" indicates that the device not only produces more photocurrent (signal), but also that
the signal-to-noise ratio improves significantly at high light levels. The D* value increases by
approximately 3.4-fold from 50 mW/cm? to 100 mW/cm?. This increase is consistent with the
increase in photosensitivity. This trend confirms that the Au/Pentacene/p-Si/Al photodiode exhibits
its best performance under high light flux [14]. At low light levels, noise from dark current limits
the ability to detect signals. At high light levels, the large signal (photocurrent) generated dominates
the noise, resulting in a higher D* value and an increase in the light-detection efficiency of the
device [15]. In summary, the graph clearly shows that the Au/Pentacene/p-Si/Al structure is an
effective photodetector and exhibits excellent signal-to-noise performance under high illumination
conditions.
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4. CONCLUSIONS
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The Au/Pentacene/p-Si/Al hybrid photodiode structure investigated in this study exhibited the
potential for a high-performance optoelectronic device by combining the advantages of organic and
inorganic materials. Experimental findings confirmed the device's fundamental electrical and
photoelectric properties. The device exhibited clear Schottky diode behavior and a good
rectification ratio under dark conditions. However, an n value greater than 1 indicated that
recombination currents and series resistance at the Au/Pentacene/p-Si interface play a significant
role in device performance. As light intensity increased, n increased and ®, decreased. This
demonstrated that light triggered charge trapping and the negative photoelectric effect at the
interface, effectively modulating the device's electrical parameters. The photodiode produced a
strong and consistent photocurrent in response to the applied light intensity. The near linearity
between photocurrent and light intensity suggests that the device has high potential for light sensor
and sensing applications. The device's detectivity value showed a significant increase as the light
intensity increased. This result demonstrates that the photodiode has excellent signal-to-noise ratio
under high illumination conditions and performs competitively with commercial silicon-based
photodetectors. In conclusion, this Schottky barrier photodiode fabricated using a Pentacene
organic layer opens a promising avenue for future hybrid optoelectronic devices by combining low-
cost organic semiconductors with high-performance silicon technologies.
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ABSTRACT

In this study, an organic-inorganic hybrid photodiode with an Au/PEDOT:PSS/p-Si/Al
structure was developed and investigated with the aim of producing highly efficient and stable
photodetectors. Highly conductive PEDOT:PSS (Poly(3,4 ethylenedioxythiophene)
Polystyrene Sulfonate) was deposited as a thin interlayer on a p-type silicon (p-Si) substrate via
a solution-based coating method. Aluminum (Al) served as an Ohmic contact on the back
surface of the device, while gold (Au) served as a Schottky contact on the PEDOT:PSS on the
top surface. The electrical and photoelectric performance of the device was analyzed in detail
to determine the effects of the PEDOT:PSS interlayer. Dark 1-V (Current-Voltage)
characteristics revealed that the diode exhibited an excellent rectification ratio, and the
PEDOT:PSS layer significantly reduced the dark current by optimizing the barrier height at the
interface. The obtained ideality factor (n) and Schottky barrier height (@) values indicated that
the charge transport mechanisms at the Au/PEDOT:PSS/p-Si interface are consistent with
thermionic emission, particularly modified by series resistance and interfacial states. The
optical response of the photodiode was characterized over a wide spectral range and various
light intensities. The device exhibited a high photocurrent/dark current ratio and impressive
spectral sensitivity (R), particularly under reverse polarization. The high PEDOT:PSS
conductivity facilitated carrier separation and collection, maximizing the overall External
Quantum Efficiency (EQE) of the device. The obtained results confirm that PEDOT:PSS plays
a critical role in enhancing the performance of conventional inorganic semiconductor-based
devices, and this hybrid structure offers great potential for low-cost, solution-processable, and
high-performance optoelectronic applications.

Key Words: Schottky Photodiode, PEDOT:PSS, Hybrid Structure, p-Si, Interlayer, Spectral
Sensitivity, Organic Semiconductor.

1. INTRODUCTION

Crystalline silicon (Si), which forms the basis of the electronics industry, remains widely used
due to its stability and well-defined electrical properties. Schottky diodes based on the metal-
semiconductor (MS) interface are an attractive option for high-frequency applications and
photodetectors thanks to their simple structure and fast response time. However, traditional
metal-silicon Schottky contacts (e.g., Au/p-Si) can often exhibit suboptimal electrical behavior,
low barrier height, and high leakage current due to interface defects and pinning of the Fermi
level [1].
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To overcome these problems and optimize device performance, the strategy of interposing a
thin organic layer between the metal and the semiconductor has gained prominence in recent
years. The polymer poly(3,4-ethylenedioxythiophene):Poly(styrenesulfonate) (PEDOT:PSS) is
one of the most ideal candidates for this purpose, thanks to its high optical transparency and
electrical conductivity, which can be increased to ~1000 S/cm with secondary doping methods.
The incorporation of PEDOT:PSS as an interlayer at the metal-semiconductor interface has the
potential to both reduce interface defects by acting as a surface passivation and modify the
Schottky barrier height in a desired direction by creating a dipole at the interface [2].

In this context, the primary objective of this study is to comprehensively investigate the effects
of adding a thin layer of highly conductive PEDOT:PSS to the Au/p-Si structure on the
electrical transport mechanisms and optical sensing capabilities of the resulting hybrid Schottky
photodiode. The study aims to determine key electrical parameters such as ideality factor (n),
barrier height (®p), and series resistance (Rs) of the fabricated Au/PEDOT:PSS/p-Si hybrid
Schottky photodiodes by analyzing their dark current-voltage (I-V) characteristics. It also aims
to characterize the built-in potential (Vbi) and carrier concentration (Na) by using capacitance-
voltage (C—V) measurements. It also aims to reveal critical optical performance indicators such
as sensitivity (R), detectivity (D*), and quantum efficiency (QE) of the photodiode by using I-V
and spectral response measurements under illumination. The findings will scientifically
demonstrate the effectiveness of PEDOT:PSS-based interface engineering in the design of high-
performance hybrid photodetectors and solar cells and will shed light on the development of
next-generation optoelectronic applications.

2. MATERIALS AND METHODS

The fabrication steps of the Au/PEDOT:PSS/p-Si/Al photodiode involve the fundamental
fabrication processes of semiconductor devices and the special requirements of
organic/inorganic hybrid structures. The p-type silicon (p-Si) wafer to be used was cleaned
using special chemical solutions (RCA cleaning) to remove organic and inorganic residues [3].
The natural oxide layer on the wafer surface was removed using a hydrofluoric acid (HF)-based
solution. This is important for good contact between subsequent layers. An aluminum (Al) layer
was deposited on the back surface of the cleaned p-Si wafer by thermal evaporation. Al is used
to ensure good ohmic contact with the p-Si. To improve ohmic contact, the Al layer was
annealed at low temperature (around 450 °C under a N inert atmosphere). The commercially
available PEDOT:PSS solution was mixed with additional additives (DMSO) to increase
conductivity and improve film quality. The prepared PEDOT:PSS solution was applied as a
thin film to the front surface of the p-Si wafer, typically by spin coating. The deposition rate
and time control the film thickness. A mask is used to define the active area for light entry and
to ensure the desired geometry of the Au electrode. A thin Au layer is deposited onto the
PEDOT:PSS layer through the mask. Au is then deposited as a very thin (20 nm) layer to
achieve high transparency. After fabrication, the electrical and optical properties of the
photodiode are tested to characterize the device performance.

3. RESULTS AND DISCUSSIONS
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This hybrid organic-inorganic photodiode structure is based on a heterosurface layer formed
between (p-Si) and the conducting polymer PEDOT:PSS. I-V curves measured under dark
conditions and at different light intensities (50 and 100 mW/cm?) were used to analyze its
electrical and optical performance (Fig. 1). Various electrical parameters were calculated from
this analysis. The ideality factor defines the forward-biased current mechanism of the diode and
indicates the deviation from the theoretical ideal value of n = 1. For an ideal diode operating
with thermionic emission mechanism, n = 1. However, in real diodes, especially in
polymer/semiconductor heterosurfaces, the value of n is generally greater than 1 (n > 1). Ann
value greater than 1 generally indicates that recombination-generation currents or series
resistance effects dominate. The barrier height is the energy value of the potential barrier
determined by the device's Au/p-Si Shcottky contact and the p-Si/PEDOT:PSS heterosurface.
The rectification ratio is a performance measure that indicates how effectively the diode
conducts current in one direction and blocks it in the reverse direction. The n,®p, and RR values
were calculated using the Thermionic Emission Theory equations [4]. These values are given
in Table 1.

Current (Ampere)

Au/PEDOT:PSS/p-Si/Al
100 mW/cm?

50 mW/cm?
Dark

2 -15 1 05 0 05 1 15 2
Voltage (Volt)

Fig. 1 The I-V plots of Au/PEDOT:PSS/p-Si/Al photodiode

Table 1 Electrical parameters of Au/PEDOT:PSS/p-Si/Al structure under different light
intensities

Light Power Saturation n Dy (eV) Rectification
(mW/cm?) Current (A) ration (£ 2V)
In Dark 5.82x 10° 1.25 0.87 368.0
50 2.13x 108 1.86 0.75 284.0
100 9.36 x 108 271 0.66 177.0
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The data in Table 1 clearly show how the electrical parameters of the Au/p-Si/PEDOT:PSS/AI
photodiode change in the dark and under different light intensities (50 and 100 mW/cm?). These
changes characterize the behavior of the device both as a diode and a photodetector. According
to the table, the lo values show a significant increase as the light intensity increases. This rapid
increase clearly demonstrates that the device is highly sensitive to light and operates as a
photodiode. Light increases the formation of electron-hole pairs at the interface of the
semiconductor (p-Si) and the polymer (PEDOT:PSS), shifting the current-voltage curve
upwards and causing the calculated lo value to increase [5]. The ideality factor increases
significantly as the light intensity increases: The value, which is n = 1.25 in the dark, reaches
1.86 at 50 mW/cm? and 2.71 at 100 mW/cm?. The value of n = 1.25 in the dark indicates that,
in addition to the thermionic emission mechanism of the current in the diode, the effects of
interfacial recombination currents or series resistance (Rs) are also important. The deviation of
n from 1 under light can be attributed to the strong effect of high carrier concentrations
generated by light on Rs and/or the increase in the recombination rate at the interface. This
indicates that the behavior of the device under forward bias deviates more from the ideal
thermionic emission model as the light intensity increases [6]. The barrier height values
decrease steadily with increasing light intensity: While ®, = 0.87 eV in the dark, it decreases
to 0.75 eV at 50 mW/cm? and 0.66 eV at 100 mW/cm?. This decrease is directly related to the
photovoltaic effect (photovoltage). The incident light creates a photovoltage (VOC) at the p-
SI/PEDOT:PSS interface. This voltage partially neutralizes the internal potential barrier,
causing the effective barrier height of the diode to decrease. Increasing the light intensity
produces a higher photovoltage, further reducing the barrier height [7].

Photocurrent is generally defined as the difference between the current under illumination and
the dark current. If the photocurrent value is calculated using the following equation:

Ioh = @ ight — Ldark

Fig 2 shows the I-V performance of a photodiode with Au/PEDOT:PSS/p-Si/Al structure
operating at 300°C. The basic representation of the graph is that there is an approximately linear
relationship between the photocurrent, represented by the dashed red line drawn between two
points, and the light intensity. Increasing the light intensity increases the number of photons
absorbed in the active region of the device, leading to the production of a proportionally higher
number of electron-hole pairs. The observed linear response indicates that the generated charge
carriers (electrons and holes) can be efficiently collected under the device's electric field and
that carrier recombination losses are low in this light intensity range [8]. This device
(Au/PEDOT:PSS/p-Si/Al) exhibits good photosensitivity (light sensitivity) between 50 and 100
mW/cm?. This is a key feature desired for its use as a photodetector.

Fig 3 shows the change in photosensitivity of a hybrid device with an Au/PEDOT:PSS/p-Si/Al
structure as a function of light intensity at 300 K. The most critical finding of the graph is that
the photosensitivity value increases significantly (approximately fivefold) as light intensity
increases. In an ideal photodetector, the reactivity (photosensitivity) should be constant and
independent of light intensity. The increase observed in this graph indicates that the device is
operating in a nonlinear regime. This increase in photosensitivity generally indicates the
presence of a photogain mechanism within the device. The most common causes of this are as
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follows: At low light levels, defects (traps) at the interface or in the volume of the device trap
the generated charge carriers [9]. As light intensity increases, these traps fill. When the traps
are filled, more free carriers reach the collection electrodes. This causes the current increase
rate to exceed the light increase rate, leading to increased photosensitivity. This device operates
with higher efficiency at higher light intensities and exhibits a super-linear response in this

range due to photogain or saturation of the traps. This may be an attractive feature, particularly
for high-light sensing applications.

1E-007 [—

8E-008 [— -
AUu/PEDOT:PSS/p-Si/Al -

6E-008 — -

Photocurrent (A)
N

4E-008 [— 4
P T=300K

2E-008 [— ; | E

50 75 100

Light Intensity (mW/cm2)

Fig. 2 The I-V performance of a photodiode with Au/PEDOT:PSS/p-Si/Al photodiode
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Fig. 3 The change in photosensitivity of a hybrid device with an Au/PEDOT:PSS/p-Si/Al
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Fig 4 shows the change in detectivity of the Au/PEDOT:PSS/p-Si/Al hybrid device as a function
of light intensity at 300 K. The D" value increases almost linearly with increasing light intensity.
D" primarily depends on the ratio between the device's response (signal) and noise. This
increase is directly related to the increase in photosensitivity seen in the previous graph. The
increase in photosensitivity means that the signal increases at a faster rate than the noise. This
increase in D" indicates that the device reaches its highest sensitivity and best signal-to-noise
ratio at higher light intensity. This result indicates that the device's ability to detect weak signals
is better at higher light intensities, and that this region is closer to the device's optimal operating
conditions [10]. The Au/PEDOT:PSS/p-Si/Al device increases its detectability with increasing
light intensity. This is a positive performance characteristic, indicating that the device operates
with less noise and is more sensitive under higher light conditions.

1E-006 [—

: 3%

Au/PEDOT:PSS/p-Si/Al

8E-007 [—

6E-007 |—

Dedectivity (Jones)

o T=300K

4E-007 [—

50 75 100

Light Intensity (mW/cm2)

4. CONCLUSIONS

This study investigated the fundamental electrical and optoelectronic characteristics of an
organic-inorganic hybrid photodiode with the Au/PEDOT:PSS/p-Si/Al structure at 300 K under
varying light intensities. The findings indicate that the device exhibits complex and highly
photosensitive behavior both as a diode and a photodetector. Electrical analyses revealed that
lo and n values increase significantly with increasing light intensity, while @y, decreases. The
rapid increase in lo confirms the high light sensitivity of the device, while the increase in n from
1.25 to 2.71 indicates that under the influence of high carrier concentrations, the forward
conduction mechanism deviates significantly from the ideal thermionic emission model, and
recombination currents or series resistance become dominant. The decrease in barrier height is
a direct result of the photopotential induced by light partially neutralizing the potential barrier
at the interface. From an optoelectronic performance perspective, the photocurrent showed a
linear increase with light intensity, indicating high carrier collection efficiency. However, the
superlinear increase in photosensitivity and D* values with light intensity demonstrated a
nonlinear regime in the device behavior. This significant increase in photosensitivity was
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explained by the traps, which are active at low light levels, reaching saturation at high light
intensities and the activation of the photogain mechanism. The concurrent increase in
detectability indicates that the device has a higher signal-to-noise ratio at high light intensities
and achieves the most sensitive operating conditions. In conclusion, the Au/PEDOT:PSS/p-
Si/Al hybrid structure stands out as a highly efficient, sensitive, and noise-resistant device
candidate for photodetection applications, thanks to its increased detectability and
photosensitivity values under high light intensity.
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ABSTRACT

In parallel with today's growing population, the need for energy is increasing daily, and electrical energy
accounts for a significant portion of this demand. Among the hazardous work areas, electrical work
accounts for a significant portion of the energy sector. Work accidents in electrical work in this sector
indicate errors in implementation or a lack of precautions. Current laws contain important provisions
regarding occupational health and safety, but for effective results, the implementation of occupational
health and safety laws must be considered and the degree to which they are implemented must be
determined. In electrically operated sectors, the harmful aspects of electricity have been investigated
and the necessary precautions have been taken. Systems, applications, structures, vehicles, tools, and
products that rely on electrical energy are now an indispensable part of life. This is becoming
increasingly prevalent with digitalization. Nowadays, we see the transportation of electrical energy. We
can see this energy everywhere, in factories, homes, batteries, and space. Even in these systems, safety
measures are now paramount. More than 10,000 people died in India, 1,000 died in the United States,
and more than 50,000 were injured. According to a World Health Organization report:

e Thousands of people worldwide lose their lives to electric shock.
e Most electric shock-related deaths and injuries occur during the summer months.
e The rate of electrical accidents in all accidents has been reported to be 1-2%.

Keywords: Electrical energy, work accidents, electric shock, electricity requirement, population growth

OZET

Giiniimiizde artan niifusa parelel olarak enerji ihtiyaci da giin gectikce niifusla beraber artmakta ve bu
ihtiyacin 6nemli bir kismini ise elektrik enerjisi olugturmaktadir. Tehlikeli is alanlar icerisinde yer alan
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elektrikli calismalar enerji sektoriinde biiyiik pay gostermektedir. Bu sektordeki elektrikli galismalarda
is kazalarinin olmasi uygulamada yanliglarin olmasi veya tedbirlerin alinmamasini gostermektedir. Hali
hazirda yiirtirliikteki kanunlar, is saglhigi ve gilivenligi konusunda 6nemli olan hiikiimleri igerisinde
barindirmaktadir; fakat sonuglarin iyi olabilmesi i¢in is saglig1 ve gilivenligi yasalarimin dikkate alinarak
tatbik edilme ve uygulanabilme derecesi belli olmalidir. Elektrikle ¢alisan sektdrlerde elektrigin zararl
yonleri arastirilip bu yonde gerekli 6nlemler alinarak faaliyete gegirilmistir, gerekli onlemler alinmugtir.
Elektrik enerjisine bagli sistemler, uygulamalar, yapilar, araclar, aletler ve iriinler artik hayatin
vazgecilmez birer pargalaridir. Bu durumda her gecen giin dijitallesmeyle beraber daha da yaygin hale
gelmektedir. Glintimiizde artik elektrik enerjisinin de tasinmaya baslandig1 goriilmektedir. Bu enerjileri
fabrikalarda, evlerde, bataryalarda uzayda her alanda gorebiliyoruz. Bu sistemlerde bile artik giivenlik
onlemleri 6n plandadir. Hindistanda 10.000’in iizerinde 6liimiin oldugu, Amerikada 1.000 kisinin
oldiigii ve 50.000’den fazla kisinin yaralandig1 giindemde goriilmektedir. Diinya Saglik Orgiitii raporuna
gore:

¢ Diinya genelinde binlerce kisi elektrik carpmasiyla hayatin1 kaybetmektedir.

e Elektrik carpmalarina bagli 6liimlerin ve yaralanmalarinin ¢ogusu yaz mevsiminde
olmaktadir.

e Tiim kazalar igerisinde elektrik kaza oraninin %1-2 oldugu raporlanmustir.

Anahtar Kelimeler: Elektrik enerjisi, is kazalari, elektrik ¢arpmasi, elektrik ihtiyaci, niifus artist

INTRODUCTION

With the continuous advancement and proliferation of technology, mechanization and industrialization,
both in our country and globally, have led to numerous safety and health hazards. Since the Industrial
Revolution, the transition to a factory system has increased the demand for labor. People living in
regions experiencing increased industrialization have faced risks of malnutrition, inadequate wages,
unhealthy work, and unsuitable environments. For occupational health and safety, it is crucial that
workers work in a more healthy environment. The level of attention given to occupational health and
safety varies depending on the level of development of each country. This attention is shaped by the
awareness and cultural level of society.

The primary purpose of occupational health and safety activities is to ensure the safety of employees.
Scientific studies demonstrate that the damage caused by workplace accidents far exceeds the costs
incurred in maintaining occupational health and safety. Examples of occupational health and safety
practices are being seriously examined in developed countries.

RESEARCH AND RESULTS
Grounding in Electrical Installations

Any insulation fault in electrical installations, electrical machines, or electrical devices can cause the
enclosure or fastening parts of conductive and metallic bodies not directly related to the operation of the
installations, machines, or devices to become energized [1]. These dangerous voltages, called step
voltages or touch voltages, pose a life-threatening risk to both operating personnel and anyone who
comes into contact with the electrical installations in question. Grounding is a crucial precaution against
the risk of electrical leakage from electrical devices. In other words, it is a simple mechanism that allows
electricity to leak to the ground through a conductor. Grounding is used in facilities to protect the
operator's personnel and anyone who will come into contact with the electrical installation against step
and touch voltages. Grounding in systems and electrical installations is performed both to affect the
system's operation in the event of a ground fault and to contribute to the safety of living beings near the
fault point [2]. Grounding is performed for three primary purposes, depending on its function:
operational, protective, and special (functional) grounding.

Figure 1 shows the connections for different types of grounding, including protective grounding for life
safety, operational grounding for system operation, and functional grounding for special purposes. The
primary purpose is to ensure the safe and proper operation of the electrical system.
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Figure 1. Grounding types [3]

In Figure 2, there are two metal parts, circled in green, at the top and bottom of the Schuko socket. This
is the grounding connection. This connection mates with the metal contacts on a compatible plug that
plugs into the socket. If an electrical device leaks, the leakage current is safely conducted to earth via
this grounding connection. This prevents anyone touching the device from receiving an electric shock.

GROUND PHASE or NEUTRAL
Figure 2. Grounded socket example [3]

The line grounding element, shown in Figure 3, is an important piece of equipment used to ensure safety
in electrical installations, particularly on power transmission and distribution lines. Its primary purpose
is to de-energize the line being worked on, short-circuiting it both internally and to ground. This protects
workers from electric shock in the event of an unexpected power failure.

Figure 3. Line grounding element [4]

Grounding Types
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Operational grounding

Under normal conditions, the process of connecting live parts to ground is called operational grounding.
In other words, it involves connecting the transformer's star point to ground via a conductor.

The purpose of facility grounding is to prevent overvoltages on electrical installations by maintaining a
certain level of potential for the current circuit to ground. Facility grounding prevents two-phase ground
faults and ensures the immediate opening of circuit breakers. To limit the hazardous effects of short-
circuit current in these types of networks, grounding through resistance or, for less significant power
levels, direct grounding can be used [5].

As shown in Figure 4, the transformer's neutral point (the blue dot in the lower right corner of the dashed
box on the far left) is directly connected to ground. This connection is called operational grounding. The
figure shows the term "Operational Grounding" and its symbol (Ro) below this connection.

AR LI
B.S, L2
C.T.L3
0.N

R o e L ¥ . i

Operational
grounding
R ==

Figure 4. Operational grounding example [6]
Protective grounding

Metal parts that are not normally live but are expected to be live due to a fault are connected to ground
using a conductor. The purpose of protective grounding is to prevent step and touch voltages that pose
a danger to electrical device users and animals. This prevents high touch voltages from remaining
permanently in the non-live conductive section of the installation.

Figure 5 shows that the metal bodies of the loads (resistors in the dashed boxes on the right) are
connected to ground via a separate line (green dashed line). This connection is called protective
grounding. Its symbol is Rk. The purpose of protective grounding is to ensure that, in the event of an
electrical leakage on the metal surfaces of the devices, it is safely conducted to the ground without
causing harm to people. This eliminates the risk of electric shock.

Functional grounding (special grounding)

ARL1

Operational

grounding
Ry—=

Rk

S ——.

= Pl'o tective

.gl'o.lmding.

Figure 5. Protective grounding example [6]
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Unlike protective and operational grounding, this type of grounding is applied to a transmission facility
or operational element to ensure it performs its intended function. It also includes grounding for LV
equipment, lightning protection, and communication facilities and rail systems.

In Figure 6, the surge arrester (lightning protection device) is connected to the N (neutral) line. The
ground connection of this surge arrester is designated as "Functional Grounding." This is the ground
connection required for the device (surge arrester) to function properly against overvoltages (such as
lightning strikes).

Transformatér | L |

Parafudr
Protective | | Operational =~ _| Functional
grounding " grounding " grounding

Figure 6. Functional grounding example [6]
Purpose of Grounding
The purposes of grounding are given below:

To ensure life safety.

To transmit leakage currents arising from electricity to the ground.
To maintain voltage balance in the electrical system.

To prevent devices from being damaged by electrical energy.
Safety in Electrical Installations

Occupational health refers to eliminating or minimizing the risks that may arise from an employee's
work environment and equipment [7]. Many electrical accidents, both fatal and non-fatal, occur due to
negligence in electrical accident prevention measures, their inapplicability in field work, and the similar
disregard for regulations. According to the Social Security Institution Report (Turkey 2017) [8],
workplace accidents in Turkey have increased significantly. Precautions to be taken against electrical
problems and the causes of electrical accidents, first aid protocols, and repair/maintenance activities to
be performed in the event of an accident have been examined in detail.

Example Work Accidents
The example work accidents are presented below:

Pole falling.

Falling to the ground with the fallen pole.
Electric shock on medium voltage line.
Death of employees due to electric shock.
Electric shock to the head and arm.
Security Precautions

The security precautions are explained as follows:

e A grounding system must be installed and the installed grounding system must be checked
regularly.
Electric leakage should be cut off immediately by using a residual current circuit breaker.

o Necessary precautions should be taken in humid environments and the risk of contact with water
should be reduced.

e Attention should be paid to the cables and insulation materials to be used.
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e During the grounding process, conductive parts should not be touched with bare hands and special
grounding equipment should be used [9].

When working in high-voltage electrical installations, a safety belt should be used to prevent the risk of

falling, and grounding should be avoided. To prevent body contact with electricity, the system should

be de-energized and the work area should be properly grounded. This provides double-sided safety

against both falls and electric shock. The parachute-style safety belt is shown in Figure 7.

Figure 7. The parachute-style safety belt [10]

Insulating gloves are protective gloves made of special, non-conductive materials used to protect people
working with electricity against electric shock. They are typically used when working in high-voltage
environments and must be checked for damage and integrity before use.

CONCLUSION

As a result of this study, grounding and safety measures in electrical installations are of paramount
importance for the life safety of all individuals, especially personnel working in these areas. With the
rapid advancement of technology, electrical accidents, such as electric shocks and electrocution, have
become more common problems. Electrical energy consumption has also increased significantly with
the increasing population. This increase has made the safety measures required to prevent occupational
accidents in electrical installations even more crucial. Chief among these measures is an effective
grounding system. Grounding ensures that stray currents that may occur in devices are safely conducted
to the ground, significantly reducing the risk of electric shock. According to the laws and regulations in
force in our country, every electrical installation is required to have a proper grounding system and to
take measures to ensure employee safety. In this context, not only technical measures but also personnel
awareness and training are of paramount importance. Serious health problems that could arise in the
event of an electrical accident, such as:

e Heart attack

e Respiratory failure

e Electrical burns

Providing first aid training to personnel working in facilities is a vital necessity. This training allows for
fast and accurate interventions in the event of an accident, preventing loss of life. As a result, in order
to create a safe working environment in electrical installations, personnel training and compliance with
legal requirements should be considered as a whole, as well as the technical infrastructure.
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ABSTRACT

Electricity grids are complex systems comprised of many interconnected stages, including generation,
transmission, and distribution. Advanced monitoring and control infrastructures are required for these
systems to operate efficiently, securely, and sustainably. This is where SCADA (Supervisory Control
and Data Acquisition) systems come into play. SCADA systems are technological infrastructures
capable of automatically performing remote data collection, analysis, control signal transmission, and
monitoring processes. Thanks to these systems, transformer substations, circuit breakers, distribution
lines, and other control points within the electrical grid can be remotely monitored and intervened when
necessary. One of the most significant benefits of SCADA systems is their significant reduction in fault
detection and response time. Thanks to instantaneous data transmission, the system immediately notifies
operators of adverse conditions in the field. This minimizes potential power outages and reduces the
need for human intervention. SCADA also records energy consumption data and enables analysis, which
can increase energy efficiency and reduce losses. Its advanced reporting capabilities also contribute to
decision-support processes. Consequently, SCADA systems not only increase efficiency and service
quality in electrical grids but also ensure system security and continuity. In developing energy
infrastructures, SCADA has become a core component of smart grid systems and an indispensable tool
in energy management.

Keywords: SCADA, electrical grid, automation, energy monitoring, fault management, remote control,
energy efficiency, digitalization

OZET

Elektrik sebekeleri, iiretim, iletim ve dagitim gibi birbirine bagl bir¢ok asamadan olusan karmasik
sistemlerdir. Bu sistemlerin verimli, giivenli ve siirdiiriilebilir sekilde ¢alisabilmesi icin gelismis izleme
ve kontrol altyapilarina ihtiya¢ duyulmaktadir. Bu noktada SCADA (Supervisory Control and Data
Acquisition) sistemleri devreye girmektedir. SCADA sistemleri; uzaktan veri toplama, analiz etme,
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kontrol sinyali gonderme ve izleme islemlerini otomatik olarak gerceklestirebilen teknolojik
altyapilardir. Bu sistemler sayesinde elektrik sebekesindeki trafo merkezleri, kesiciler, dagitim hatlar
ve diger kontrol noktalar1 uzaktan izlenebilir ve gerektiginde miidahale edilebilir héle gelmistir. SCADA
sistemlerinin en 6nemli katkilarindan biri, ariza tespit ve miidahale siiresini ciddi 6lgiide azaltmasidir.
Sistem, anlik veri iletimi sayesinde sahadaki olumsuz durumlar1 operatérlere aninda bildirir. Boylece
olas1 enerji kesintileri minimuma indirilirken, insan miidahalesine duyulan ihtiyag ta azalir. Aym
zamanda SCADA, enerji tiiketim verilerini kaydederek analiz imkéni sunar; bu sayede enerji verimliligi
artirilabilir, kayiplar azaltilabilir. Gelismis raporlama 6zellikleriyle karar destek siireclerine de katki
saglar. Sonu¢ olarak SCADA sistemleri, elektrik sebekelerinde verimliligi ve hizmet Kalitesini
artirmakla kalmayip, sistemin giivenligini ve siirekliligini de saglamaktadir. Gelisen enerji
altyapilarinda SCADA, akilli sebeke sistemlerinin temel bileseni héline gelmis ve enerji yonetiminde
vazgecilmez bir arag olmustur.

Anahtar Kelime: SCADA, elektrik sebekesi, otomasyon, enerji izleme, ariza yonetimi, uzaktan kontrol,
enerji verimliligi, dijitallesme

INTRODUCTION

The supply of uninterrupted, high-quality, and affordable energy, as well as the optimization of energy
consumption, form the foundations of development and progress. The most effective way to increase
efficiency is to control energy consumption. Despite the limited availability of common energy
resources, the rapid increase in consumption highlights the importance of efficient energy consumption.
Figure 1 shows Turkey's demand projection for the period 2017-2037, which shows that demand is
rapidly increasing and will continue to do so. Energy quality is crucial not only for energy savings but
also for increasing production efficiency and reducing the frequency of faults. Numerous energy quality
problems, such as the presence of reactive power in the grid, voltage sags/swells, transients (very rapid
changes occurring in less than a single cycle), harmonic distortions, noise, and EMI, arise, causing
material and moral harm to both producers and consumers. To minimize all these risks and ensure energy
efficiency, energy must be monitored from generation to final consumption and controlled according to
the most appropriate scenario. This will be possible by installing comprehensive energy automation
systems at generation, transmission, and distribution points. Power quality problem analysis, along with
SCADA monitoring and archiving, was accomplished through energy automation systems established
to monitor the company's energy distribution system [1]. When there is a power outage in the company,
the SCADA communication center is informed by the call center. In line with this information, the
malfunction is detected by systematically examining the GIS (geographic information system) of the
area where the malfunction occurs. The malfunction is then transmitted to the FRM (fault repair and
maintenance) teams serving in the specified location. After this, the personnel in the field intervene in
the malfunction. In addition, when there is maintenance or repair work in regional locations, the SCADA
communication unit notifies consumers via message in the areas where the outage occurs.
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Figure 1. Turkey's electricity demand projection [1]
RESEARCH AND RESULTS
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Definition of SCADA

SCADA is formed from the initials of the words "Supervisory Control and Data Acquisition," meaning
"supervisory control and data acquisition.” The term "SCADA" was coined by the Bonneville Power
Administration in the 1960s. SCADA is a type of technology that allows users to collect information
from one or more facilities and send control instructions to these facilities. A SCADA system consists
of a Central Control System (CTS) (MTU, Master Terminal Unit) and one or more Remote Terminal
Units (RTUs), which provide data transfer. Thanks to SCADA systems, the need to assign an operator
to remote facilities while everything is running smoothly within the system has been eliminated [2]. The
SCADA system will alert the central operator if an alarm occurs, allowing the operator to take the
necessary precautions. In short, a SCADA system consists of hardware and software, but these hardware
and software are used for many different purposes and are constantly being developed to meet these
needs. SCADA System Structure: We can also briefly define a SCADA system as a long-distance
operation. Long-distance means that the location of the control and the location being controlled are too
far to communicate with a direct connection to the hardware.

Using SCADA in distribution systems allows for the use of numerous functions. Its data collection
function displays the network's measurement (current, voltage, frequency) and status information
(breaker/disconnector open/closed) on the screen, based on the number of devices connected to SCADA.
Figure 2 shows that with advisory control, operators can remotely control devices such as circuit
breakers and load break switches. Labeling defines device restrictions, preventing unauthorized use.
Trends in measurements (current values) are displayed on the screen at selected times (e.g., short
circuits) [2].

Control level

IEC 60870-5-101,
IEC 60870-5-104,
DNP3, DNP3 over WAN

Communication level

Station level

IEC 60870-5-101, 7104, [ "'V
DNP3, DNP 3 over WAN | [SSSSIIEsEeee e
el

Process level

Figure 2. Structure of a SCADA system in a distribution network [2]
The hierarchy of a SCADA system is presented in Figure 3 [3]. This hierarchy is given as follows:

Field level measurement and control devices

Communication system of panels and RTUs where field information is collected
Main station(s)

Main screen computer
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Figure 3. The hierarchy of a SCADA system [3]

SCADA systems exhibit open-loop control characteristics and generally function in long-distance
communication. They have also been used in closed-loop control and short-distance communication.
Figure 4 shows a typical SCADA system. Traditional SCADA systems are similar to Distributed Control
Systems in terms of process control and monitoring. However, DCS (Distributed Control Systems) differ
from SCADA in that data acquisition, control units are located in more confined spaces, and
communication is achieved via a high-speed LAN (Local Area Network) connection. On the other hand,
SCADA covers larger geographic areas and is more reliable than LAN (Local Area Network) systems.
The data transfer function of SCADA systems consists of transferring inputs to RTUs, transferring these
inputs via RTUs to MTUs via communication links, and processing them again. Furthermore, SCADA
sends commands to the RTUs via these links, which the operator can then set automatically or manually.
The Human-Machine Interface (HMI), which we call the interface in SCADA systems, is generally
implemented using graphical displays representing the equipment and facilities under control. Real data
can be dynamically transferred onto a static background. When the input in the controlled area changes,
the background is updated, and the change is reflected on the screen as digital or analog values [4].

MTU ]

operator operator Vv

- Wireless
\ 3 - -
% ; Communication

operator operator

Wired
communication

Figure 4. Typical SCADA system [4]



ONFER,
w L tEn,
S o

AVRASYA 14th INTERNATIONAL CONFERENCE ON APPLIED SCIENCES October 17-19, 2025 - TBILISI
CONFERENCE BOOK - ISBN : 978-625-5694-42-3

A typical RTU hardware consists of various components: a control processor (CPU) and integrated
memory, analog inputs, analog outputs, counter inputs, digital inputs, digital outputs, a communication
interface, a power supply, RTU rack, and accessories. The structure of the RTU is given in Figure 5.
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The Role of SCADA in Electrical Grids

1. Remote Monitoring, Data Collection and Analysis

SCADA collects real-time data (e.g., current, voltage, power, meter data) via RTU/PLC at remote
substations and lines within the grid and transmits it to the central control unit. This allows centralized
monitoring of every point in the electrical distribution network, even over a wide area.

2. Feeder Automation and Fault Management

SCADA, thanks to feeder automation, quickly detects faults and remotely performs isolation and power
reconnection operations. This reduces dependence on local teams for the grid, reducing downtime from
hours to minutes with traditional methods.

3. Reducing Downtime
With automatic on/off operations instead of manual interventions, the duration of the outage is
shortened, dangers are reduced and the user is provided with higher quality, more reliable energy.

4. Network Control and Optimization

SCADA provides remote control over circuit breakers, relays, and transformers on the network. VVoltage
levels can be regulated, load balancing can be achieved, and automatic maneuvers can be performed in
certain situations. Numerous alarms, status detection, and interventions are automated with SCADA.

5. Quality, Safety and Planning
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SCADA provides information about power quality through remote monitoring and enables planned
interventions. Additionally, system data is logged for future analysis—supporting planning and
improvement efforts [7].

Contributions of SCADA to the Electrical Grid
The contributions of SCADA to the electrical grid are presented as follows [7]:

Provides uninterrupted energy supply.

Reduces human error.

Provides rapid troubleshooting.

Increases energy efficiency and cost-effectiveness.
Balances load distribution and maintains energy quality.
Components of the SCADA System

The components of the SCADA system are given as in the following [8]:

RTU (Remote Terminal Unit): Collects data from field devices and executes commands.

PLC (Programmable Logic Controller): Executes local control functions.

Main control center and software: Processes data and provides the operator interface.
Communication infrastructure: Carries data over networks such as fiber optic, radio, and GSM.
SCADA and Smart Grids in the Future

SCADA systems form the foundation of smart grid infrastructure. SCADA technology is constantly
evolving for renewable energy integration, grid flexibility, and consumer-centric energy management.
SCADA systems are indispensable in electrical grids, both operationally and economically [9]. The role
of SCADA systems in modern electrical grids is constantly increasing to ensure energy supply security,
system efficiency, and quality.

SCADA's Functional Tasks and Components

SCADA collects parameters such as voltage, current, and frequency, enabling real-time monitoring and
remote control through RTU (Remote Terminal Unit) and PLC (Programmable Logic Controller)
devices installed in transformer substations and distribution lines. Communication channels (fiber optic,
radio, GSM) ensure continuous connection with the central system.

Functions and Benefits of SCADA

Faults are quickly detected and isolated automatically or through operator intervention, thus minimizing
power outages.

Energy Efficiency and Quality Management

SCADA systems analyze energy consumption and quality parameters and suggest strategies to increase
efficiency. Renewable energy sources (RES) and grid systems are monitored and managed by SCADA.

Security and Cyber Risks

The internet-connected operation of SCADA systems creates vulnerability to cyberattacks. Therefore,
advanced security methods such as data integrity, encryption, IDS (Intrusion Detection Systems), and
Blockchain are recommended.

CONCLUSION

Today, the reliable, efficient, and sustainable operation of electricity grids has become more critical than
ever due to factors such as increasing energy demand, variable load profiles, and the integration of
renewable energy sources into the grid. SCADA systems form the backbone of modern energy
infrastructure, providing uninterrupted monitoring, control, and data collection across all processes,
from generation to transmission and distribution. SCADA systems allow real-time monitoring of the
entire energy flow, from transformer substations to transmission lines, from distribution networks to
consumers. Potential faults can be detected immediately and rapid intervention is provided, minimizing
the duration and impact of power outages. Real-time data collection enables not only fault management
but also important objectives such as load balancing, reducing energy losses, and improving energy
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quality. The role of SCADA systems is becoming increasingly important, particularly in the integration
of renewable energy sources into the grid. The sound management of variable generation sources such
as solar and wind, and the balanced and safe transfer of energy from these sources to the grid, are made
possible through the advanced monitoring and automatic control capabilities of SCADA systems.
Furthermore, as a fundamental component of the smart grid concept, SCADA contributes to making
future energy infrastructures more flexible, interactive, and user-centric. However, the proliferation of
SCADA systems and their integration with increasingly complex networks also introduces cybersecurity
risks. Because potential cyberattacks on critical energy infrastructures can lead to widespread power
outages and economic losses, advanced security protocols, encryption techniques, and multi-layered
defense strategies must be implemented in SCADA systems. Consequently, SCADA systems are an
indispensable technology for increasing the operational efficiency of electrical grids, ensuring energy
supply security, facilitating the integration of renewable resources, improving energy quality, and
minimizing the risk of failures and outages. Therefore, the development, expansion, and cybersecurity
of SCADA infrastructure in today's energy sector are critical to achieving sustainable and uninterrupted

energy supply.
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ABSTRACT

The aim of this study is to design and implement a control system for a four-wheel-drive (4x4)
electric all-terrain vehicle (ATV) capable of operating under challenging off-road conditions
with high maneuverability. Four individually controlled brushless direct current (BLDC) hub
motors were used as wheels, and their speeds were regulated in closed-loop mode using
feedback from Hall sensors. The vehicle’s steering control was achieved through proportional—
integral—derivative (PID) algorithms based on analog signals from a potentiometer-based
throttle. The control system was developed using the STM32F407 microcontroller (MCU),
which also generated the pulse-width modulation (PWM) signals for the motors. Two Bosch
BNOO055 inertial measurement unit (IMU) sensors were employed for slope and orientation
detection, enabling differential angle calculations. The data obtained from these sensors were
integrated into speed balancing algorithms to enhance driving stability. The system incorporates
multiple subsystems, including analog sensor data acquisition, multi-motor drive, PID-based
speed control, and real-time slope estimation. The vehicle is designed to adapt to various terrain
conditions and features a modular structure, making it suitable for reuse in similar future
projects.

Keywords: Electrical Vehicle, PID Control, Sensor Fusion

1. INTRODUCTION

All-terrain vehicles (ATVs) are gaining increasing attention due to their high maneuverability and
environmentally friendly performance in challenging terrain conditions compared to traditional
internal combustion engine vehicles. However, the operation of such vehicles in rough terrains presents
significant engineering challenges, including independent control of all four wheels, real-time
stabilization, and energy-efficient operation [1]. Brushless DC (BLDC) hub motors, known for their
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high torque density and rapid dynamic response, have emerged as an optimal solution for electric
vehicle applications [2].

Despite extensive research on electric vehicle drive systems, critical gaps remain in areas such as multi-
motor control architectures, embedded system integration, and energy management. While previous
studies have demonstrated the potential to reduce PID control settling time in BLDC motors to 18 ms,
investigations on parameter synchronization across multiple motors remain limited [3]. Moreover,
communication delays among heterogeneous electronic control units (ECUs), such as STM32 and
ESP32, can hinder real-time control performance. Energy efficiency also remains a concern,
particularly in hybrid battery—supercapacitor systems, where efficient power transfer during
regenerative braking is still an unresolved issue [4].

To address these challenges, this study proposes independent PID-based control for each of the four
48 V/1000 W BLDC hub motors, with individually optimized PID parameters (K, = 100, K;= 0.5, Kd
= 500), enabling microsecond-level synchronization [3]. Real-time data flow is achieved through a
time-triggered architecture, with 100 ms intervals of UART/USART communication among
STM32F407 (control unit), ESP32 (data acquisition), and Android (user interface) modules [5]. Sensor
fusion is applied by integrating slope and orientation data from dual BNOO55 IMUs with wheel speed
feedback from Hall sensors, enhancing closed-loop PID performance and overall vehicle stability [6].

The methodological foundation of this work leverages the proven advantages of PID controllers, which
have demonstrated 32% lower overshoot compared to Pl and fuzzy logic controllers [3] and aligns
with distributed Electrical and Electronic (E/E) architecture principles [1]. Additionally, mechanical
efficiency improvements were guided by axial-flux motor design strategies [7]. The subsequent
sections of this paper describe the system in detail: the Materials and Methods section explain the
triggering architecture of KLS7212N motor drivers using IRLZ44N MOSFETS, the Results section
presents torque—speed-slope performance tests conducted on muddy and sandy terrains, and the
Discussion section evaluates the industrial applicability of the proposed system.

In this study, the developed control system was implemented on a four-wheel-drive electric ATV
platform, and its performance was experimentally validated under muddy and sandy terrain conditions.
Torque, speed, and slope responses were measured to evaluate system stability, energy efficiency, and
responsiveness. The results indicate that precise multi-motor control, real-time stabilization, and
adaptability to challenging off-road environments were achieved, demonstrating the potential
applicability of the proposed system in next-generation electric mobility solutions.

2. MATERIAL AND METHODS

The aim of this study is to design and implement an embedded system for a four-wheel-drive electric
ground vehicle that enables real-time speed control, battery monitoring, and data transmission to a user
interface. The system performs various functions such as motor driver control, communication with a
Battery Management System (BMS), steering angle calculation, and information delivery to the user.

The system consists of three main components: a control unit based on the STM32F407VG
microcontroller, a data acquisition and preprocessing module based on the ESP32, and an Android
tablet interface.

The names and properties of materials used in the installation of the system are presented in Table 1.
Table 1. The names and properties of the materials.
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Material Properties

STM32F407VG Executes PID control algorithm, PWM signal generation, and
Discovery MOSFET switching

ESP32 DevKitC V4 Collects BMS and sensor data, transmits to STM32 via UART

KLS7212N Motor Driver | Controls 48V 1000W hub motors

IRLZ44N MOSFET Controls 12V trigger signal to KLS drivers from STM32 GPIO
4x Hub Motor (48V, | Drive system

1000W)

Rotary Encoder Detects handlebar rotation angle (used as input to the system)
2x Hall Sensor Measures wheel RPM (connected to ESP32)

Potentiometer Input device for driver's throttle command

BMS module Provides battery voltage, current, SOC, and fault information
Android Tablet User interface device that receives data from STM32

The control system operation begins with system initialization, during which the STM32F407
microcontroller configures the PWM channels and sets up the ADC, UART, and Direct Memory
Access (DMA) peripherals. At the same time, the ESP32 activates interrupt routines for the Hall
sensors and the rotary encoder and starts receiving data from the BMS. Once initialization is complete,
the driver provides input by setting the desired vehicle speed through the throttle and the steering
direction via handlebar rotation. These inputs are processed by the PID algorithm running on the
STM32.

The ESP32 continuously acquires sensor and battery data, including motor RPMs from Hall sensors,
steering angle from the rotary encoder, and voltage, current, state of charge (SOC), and fault codes
from the BMS. This information is transmitted to STM32 over UARTL in a structured format, which
is then parsed by a function and assigned to the corresponding system variables. Using this data, the
STM32 calculates the required motor commands with the PID controller, considering both speed
differences among the motors and the steering angle. An updated motor PWM function generates the
appropriate PWM signals for all four motors, while GPIO outputs control the IRLZ44N MOSFETSs to
determine motor rotation direction.

Finally, the processed data is sent to the Android tablet via USART?2 for real-time monitoring. Four
separate data packets are prepared using a function and transmitted sequentially through a call back
function, ensuring that the operator receives continuous updates on vehicle performance and system
status. The system setup of the ATV is presented Figure 1.
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Figure 1. Electronic system diagram of the ATV

Timing and synchronization in the system are managed through different mechanisms on the ESP32
and STM32 sides. On the ESP32, data processing is coordinated using the FreeRTOS task a function
ensuring timely handling of sensor and battery information. On STM32, UART communication is
interrupt-driven, while the main loop handles data processing. Data transmission is scheduled
periodically, with the ESP32 sending information to the STM32 every 100 ms. In turn, the STM32
transmits data to the Android tablet approximately every 200400 ms, using a four-packet transmission
cycle to provide continuous system monitoring.

The schematic of electronic system of the ATV is given Figure 2.
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Figure 2. Electronic hardware layout of the ATV
3. RESULTS AND DISCUSSION

The developed system has been successfully operated as an electric ground vehicle platform integrated
with real-time data monitoring and communication infrastructure, controlling four 2000 W 48 V hub
motors. The PID-based motor control algorithm implemented on the STM32F407 Discovery
microcontroller processed the throttle input from the potentiometer and steering angle from the rotary
encoder to generate appropriate PWM signals for each motor. These PWM signals were transmitted
effectively to the motor drivers.

Control signals at 12 V were delivered to the Kelly KLS7212N motor drivers through IRLZ44N
MOSFETSs located on the motor control board. During the tests, each motor was independently
actuated, and accurate responses were obtained for forward and reverse movement commands.

The ESP32 microcontroller was responsible for reading both the steering angle and the wheel rotation
speeds via Hall sensors and transmitting this data to the STM32 via UART. Additionally, it
communicated with the BMS every 30 seconds over UART to obtain voltage, current, SOC, and fault
codes. These data were passed and sent to STM32, which then processed and transmitted the
information as structured data packets to a Bluetooth-connected Android tablet interface.
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In the tests conducted, the system successfully rotated the motors, consistently read sensor values, and
correctly acquired and processed battery-related data. Furthermore, the fault codes received from the
BMS were decoded and analyzed to provide preliminary diagnostics for potential issues. These results
demonstrate that the system operates reliably and in synchronization, as originally designed.

4. CONCLUSION

In this study, the motor control and condition monitoring system of a four-wheel-drive electric ground
vehicle was successfully designed and implemented. At the core of the system, the STM32F407
microcontroller effectively managed both the PWM-based control of motor drivers and the
synchronized data communication with the ESP32 microcontroller and the BMS.

The ESP32 module measured motor rotational speed via Hall sensors and the vehicle’s steering angle
via a rotary encoder, transmitting this data to STM32. It also communicated with the BMS to collect
battery voltage, current, SOC, and fault status. These data were processed by the STM32, integrated
into the vehicle control algorithms, and transmitted in real time to an Android-based dashboard
interface.

The system successfully performed essential functions such as motor direction control, speed
regulation, and battery status monitoring. Test results showed that all components operated in harmony.
These findings demonstrate that the developed system provides a functional and expandable
foundation for similar electric vehicle platforms.
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ABSTRACT

This project aims to drive brushless direct current (BLDC) motors used in electric bicycles and
develop a regenerative braking system. The aim is to increase energy efficiency and return the
energy generated during breaking to the battery. This extends the range of electric vehicles and
contributes to environmental sustainability. Within the scope of the project, the BLDC motor
is driven using the STM32F103C8 microcontroller, based on data from Hall sensors and
appropriate phase switching. A boost converter circuit, designed for energy recovery, amplifies
the energy generated during motor braking and transfers it to the battery. Simulations were
performed using Proteus and LTSpice programs; the system's software algorithms were
developed, and a prototype circuit was built on a breadboard. Following hardware tests, the
final system was mounted on a perforated pertinax, providing a more robust and portable
structure. At this stage, component placement was optimized, circuit security was increased,
and system operability was tested. All tests demonstrated that the system successfully performs
both motor driving and regenerative braking functions. The project has created an effective
solution for energy recovery by offering a low-cost and efficient structure.

Keywords: BLDC, energy, regenerative braking, STM32F103C8, sustainability

1. INTRODUCTION

Electric vehicles (EVs) are becoming increasingly widespread. They are environmentally friendly and
important tools for developing sustainable environments. The use of EVs is encouraged by government
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subsidies in countries with limited fossil fuel resources. Their quiet operation offers a significant
advantage compared to fossil fuel vehicles. However, one of the biggest disadvantages of EVs is their
long battery charging times. Another is their shorter range compared to fossil fuel vehicles. Efforts to
shorten charging times and increase the range of EVs are ongoing.

To increase the range of EVSs, the aim is to increase the energy cycle by using regenerative braking
systems. Regenerative braking is the conversion of kinetic energy into electrical energy while driving
downhill and stopping without wasting it. Numerous studies are underway to implement this process.

An advanced regenerative braking system design prototype for an electric bicycle was developed by
Naveed et al. [1]. In this project, only the regenerative braking structure is discussed. In the project, the
ATMEGA328P microcontroller is used for motor speed monitoring, and according to the motor speed,
accelerator pedal pressure and braking, the phases of the motor are disconnected from the driver with
relays and connected to a three-phase rectifier. In another study, Candan and Mamur provided the use
of regenerative braking in hub (core) type BLDC in electric bicycles [2]. STM32F407VG is used as
microcontroller in this project. The microcontroller controls the motor driver and while driving the
motor, in case of a brake command, three phases of the motor are disconnected from the driver with
relays and connected to a three-phase rectifier. Thus, the energy is transferred to the ready boost
converter after the rectifier and increased to the required voltage, and the battery stores the recovered
energy. In another study, Krkljes et al. The control of the BLDC driver was developed [3]. In this
project, a sensor-based control method was used for BLDC control. The team chose ATMegal6 as the
microcontroller. Their design covered a wide input voltage range from 12 V to 24 V, current limits
from2.5 Ato5 A, and supported motors with output power up to 120 W. Jiagun and Haotian developed
a BLDC regenerative brake for lightweight EVs in another project [4]. The key difference in this
project is that a boost converter is not designed for regenerative braking. The boost converter, using a
single MOSFET switching method, uses the inductance of the brushless motor coils and the body
diodes of the MOSFETSs in the inverter. Thus, the low-side MOSFET is switched, short-circuiting the
coil first, and then the current in the coil flows through the body diodes to the DC bus capacitor. In their
project, they achieved regenerative braking without using a boost converter or relay systems. However,
this project required more complex control algorithms. A variable switching regenerative braking
technique for two-wheeler electric BLDC AVs was developed in a project by Dubey and Bobba [5].
In this project, three methods for regenerative braking without designing an extra boost converter were
described. Salah et al. developed a drive system to improve the output characteristics of BLDC motors
[6]. Inthis project, they used a low-cost drive topology developed for three-phase operation. A six-step
PWM switching algorithm improved speed and torque control modes, reducing costs by eliminating
the need for an additional intermediate DC link capacitor. A similar study was done by Karabacak as
his master's thesis [7]. In his study, he provided speed control and regenerative braking functions of
BLDC motor using STM32F407 microcontroller. In the system developed by Erdem, the effects of
regenerative braking were analyzed on an EV modeled with a 75 kW asynchronous motor and 25 kW
lead-acid batteries [8]. Tabak's study also examined the application of regenerative braking to an
electric scooter. Those real-world driving tests showed that regenerative braking could increase range
by 18.24% for lead-acid batteries and 25.36% for lithium-ion batteries.

This proposed study aims to increase energy efficiency by restoring energy lost during braking in EVs
to the battery, thereby extending vehicle range and reducing carbon emissions. Literature research
indicates that microcontrollers such as ATMEL AVR, Microchip PIC, and STM32's high-end, high-
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cost microcontrollers are often preferred. However, in this study, the STM32F103C8 microcontroller
was chosen because it offers high performance while offering cost advantages. This microcontroller,
with its ARM Cortex-M3 processor, 72 MHz speed capability, and specialized features for motor drive
operations, offers a cost-effective solution. The boost converter used to manage the regenerative
braking process in the project was designed and controlled by the same microcontroller. By using op-
amps and resistors instead of pre-built integrated circuits for current and voltage measurements, chip
dependency is reduced, thus reducing costs and simplifying production. This system achieves an
efficient and cost-effective structure.

2. MATERIAL AND METHODS

The rotor of a BLDC motor contains permanent magnets, which create a permanent magnetic field
between the rotor and the stator. If an external torque is applied to the BLDC motor, voltage is induced
in the windings of the rotor as the rotor rotates. This allows the BLDC motor to operate like a generator,
generating energy [10]. The aim is to safely channel this energy generated by the BLDC motor to the
battery during braking and coasting, increasing the vehicle's range and efficiency.

In this study, the BLDC motor was operated using a sensor-based drive method. It is possible to detect
the rotor position in BLDCs using Hall sensors. Hall sensors can provide logic or analog outputs by
detecting the change in the magnetic field applied to their surfaces; logic outputs are generally preferred
in BLDC motors. BLDC motors with sensors usually have three Hall sensors. Each Hall sensor sends
logic signals based on the position of the rotor's magnets. The microcontroller analyzes these logic
signals to determine the motor's position. Based on the motor's position, the microcontroller drives the
MOSFETSs in the inverter in the appropriate sequence, ensuring the motor rotates in the desired
direction and number of steps. The advantage of this method is that phase transitions are achieved with
accurate timing by providing feedback via sensors, allowing the motor to operate with high efficiency.
It also provides smooth and stable torque production even at low speeds. However, the biggest
disadvantage of this method is that, because the motor is stationary at startup, the Hall sensors do not
provide output, and therefore, the motor's position cannot be determined. Therefore, when the motor
first starts, the microcontroller manually instructs the motor to step at a specific speed, ensuring initial
movement. Data from the sensors begins to be read at this stage [11]. A 3 phase BLCD motor is given
in Figure 1.

Rotor Stator
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Figure 1. 3 phase BLDC motor
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There are numerous BDC motor control methods. The most basic method involves driving motors
with MOSFETSs, FETSs, or BJTs, either high-side or low-side, using PWM speed control at the logic
signal level [10]. However, this method can only control the motor in one direction. For bidirectional
control, an H-bridge circuit is used. Similar to the basic H-bridge drive method, the motor is connected
between two half-bridge circuits using four switching elements. The direction of the motor is controlled
by controlling the current direction based on the on-off state of the switches. Furthermore, the speed of
the motor is controlled by driving the switching elements with PWM. Encoders, Hall sensors, and
BEMF readings can be used as feedback. This allows the motor to rotate at the desired speed despite
the load.

The six-switching inverter topology allows the drive of structures such as three-phase motors or
transformers with a DC source. Using high-side and low-side switching elements on each of the three
phases, the inverter controls the direction of currents in the phases through commutation and their
magnitudes through PWM or SPWM. This ensures precise motor operation and energy efficiency. A
buck converter is a DC-DC voltage reducer. It provides high-efficiency and low-cost voltage reduction
when there is a large difference between the supply voltage and the desired voltage level. Moreover, a
boost converter is a DC-DC voltage amplifier. It provides high efficiency and low cost voltage
boosting.

The STM32F103C8 microcontroller is a 32-bit processor with a high-speed ARM Cortex-M3
processor. It can operate at frequencies as high as 72 MHz. This microcontroller is specialized for
driving a four-channel, 16-bit TIMER1 motor and includes features such as a dead timer and an
emergency stop. Furthermore, four PWM signals can be controlled simultaneously with a single timer.
The 12-bit analog-to-digital converter (ADC) reading resolution enables high-precision analog data
reading. The number of GPIO pins, flash memory capacity, and SRAM capacity are sufficient for our
project. Furthermore, this microcontroller supports the CAN communication protocol [14]. Since
communication between units in the automotive industry is carried out using LIN and CAN protocols,
the project can be easily integrated into these systems.

In capacitive storage, the motor's phases are rectified during braking and connected to a supercapacitor
bank. The energy induced in the motor during braking is transferred to the capacitor bank and stored.
The stored energy can be used to power the system or charge the battery via DC-DC converters.

To charge a battery with a converter, the motor's phases are connected to a high-power converter, such
as a boost converter or flyback converter, during braking, using relays or contactors. The converters
are operated to provide the desired output current, transferring the energy generated during braking to
the battery and charging it. The voltage booster is used because the angular velocity, and therefore the
induced voltage, decreases as the motor approaches a standstill. This low voltage is then boosted to the
battery's charge level by the converters, enabling charging. The system design is given in Figure 2.
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Figure 2. The system design.
3. RESULTS AND DISCUSSION

Within the scope of this study, a low-cost and efficient regenerative braking system for BLDC motors
used in electric bicycles was designed and successfully implemented. The system converts the kinetic
energy generated during braking into electrical energy by enabling the motor to act as a generator and
feeds it back to the battery. The voltage, current, and Hall sensor signals obtained during the test clearly
demonstrated that the system operated as expected. The trapezoidal phase voltage progression with a
120° phase difference confirmed the accuracy of the motor drive algorithm, while single-phase current
measurements demonstrated the effectiveness of the control structure. Furthermore, the reverse current
generated in the DC busbar during braking confirmed that regenerative energy recovery was taking
place. The overall operation of the system largely aligned with the initially defined objectives. The
developed system demonstrated consistency between the theoretically designed structure and the
practical results. The affordable cost of the components used in the project provided an economical
solution, and the overall system remained within the targeted budget.

Figure 3. shows the phase voltages applied to the three phases (A, B, C) of the BLDC motor. Phase

voltage graph, power electronics. Each phase voltage is in the form of a trapezoidal wave shifted by
120° phase difference.
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Figure 3. The phase voltages applied to the three phases (A, B, C) of the BLDC motor
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The graph in Figure 4 shows the output signals of three Hall sensors used to detect the rotor position
of a BLDC motor. Knowing the motor position with the Hall sensors allows the motor speed to be
calculated. The sensors' square-wave signals verify the rotor position, rotational speed, and
commutation timing. The signals obtained from Hall sensors A, B, and C are in the form of square
waves and are out of phase with the rotor position by 120°.

Figure 4. The output signals of three Hall sensors

4. CONCLUSION

Within the scope of this project, a low-cost, modular, and expandable system capable of regenerative
braking for an electric bicycle powered by a BLDC motor has been successfully designed, prototyped,
and extensively tested. The developed system converts the motor's kinetic energy into electrical energy
during braking, enabling it to be fed back to the battery, thus improving energy efficiency and
contributing to sustainability. The designed hardware structure and software demonstrated that the
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system successfully fulfills its basic functions; the experimental data obtained was largely consistent
with theoretical expectations. Furthermore, technical issues encountered during the project were
analyzed and resolved, ensuring stable system operation. In future stages, the system is planned to be
standardized with a PCB printed circuit board design to achieve a more compact and professional
structure. Furthermore, the integration of more advanced drive techniques such as Field Oriented
Control (FOC) is targeted through hardware add-ons that can precisely measure phase currents. These
improvements will further enhance both the system's control accuracy and energy efficiency, making
it suitable for integration with more advanced projects and real-world applications.
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ABSTRACT

This study establishes the necessary and sufficient conditions that characterize the type
sequences of certain numerical semigroups determined by five defining integers, and
subsequently derives the corresponding Frobenius number and genus based on these conditions.

1) Introduction

Let 6 be a semigroup and A < §. The smallest subsemigroup of § containing A is called the
semigroup generated by A, denoted by § = (A). Accordingly, the set A is referred to as the set
of generators of . In particular, if A =1{q4,q5,...,q,} € & with g; < g, <...< gy, then § =
(91,92,---,q;) and & is said to be finitely generated. Moreover, if there exists no proper subset
of A that still generates &, then A = {q4, g2, ..., qx }is called the minimal generating system of
J.

Let N and Z stand for the sets of nonnegative integers and integers, respectively. A subset § c
N is said to constitute a numerical semigroup whenever it meets the following structural
properties:

1.0 € 6,

li.g; + q, € 6, forallqy,q, €9,
ili. The complement N\J is finite (equivalently, gcd(6) = 1).

(See [6,7] for further details.)
For a numerical semigroup &, we define several important numerical invariants:

The Frobenius number F(§) = max{c € Z: c & 6};
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The multiplicity m(6) = min{c € §:c # 0};

The determine number n(§) = Card({0,1,2,...,F(6)} n &) ([1]).

If6 =(q1,92,---,qx) IS a numerical semigroup thend =(q1,q2,---,qx) = {po =
0,p1,p2--+)Pn-1,pn = F(8) +1,-...} where p, < ppy1,n =n(S). Here, the arrow

indicates that all integers greater than F (&) + 1 belongs to 6. The integer C(8) = F(6) + 1 s
called the conductor of 6. If § =(q4,q3,...,qx), The parameter e(§) = k is known as the
embedding dimension of the numerical semigroup &. It is a well-known fact that the embedding
dimension does not exceed the multiplicity, i.e., e(§) < m(&§). When this bound is attained, 6§
is said to have a maximal embedding dimension (MED) ([4,5]).

A numerical semigroup & with Frobenius number F (&) is said to be symmetric if F(6) —d €
6 forevery vd € Z\é. Itis well known that every numerical semigroup of the form 6 = (d,, d,)
IS symmetric.

Moreover, § is said to be pseudo-symmetric if F(&) is even and there exists exactly one integer
d =F(8)/2 suchthatd ¢ 6 and F(8) — d ¢ & (For details [2,7,8]).

The integers in N\ § are called the gaps of §, and the set of all such gaps is denoted by H(§) =
{d e N:d ¢ &}. The number G(6) = Card(H(5)) is called the genus of §. It is known that
F(8) + 1 =n(d) + G(5) (For details [1,3,7]).

Lets ={py = 0,p1,02, ) Pn-1,Pn = F(8) + 1, ...} beanumerical semigroup where F(§)

and n(8) denote its Frobenius number and determine number, respectively. For 0 <j <
n(6) = n, define the following subsets:

5 ={d€ds:d=p},
8() ={d eN:d + §; c 6}.

Then, we obtain the following chain of inclusions:
6pCcép1c...cdcdcd)c...cdn—1)cdn) =N.

For 1 < j <n(6), lett; = 7;(8) = #(§()H\8( — 1)), and consider the set {1, 7y, ..., Tu(s)},
known as the type sequence of §. Here, 7, (8) = (&), but in general 7;(8) # =(8(j)). For 2 <
r < n(6), we have t; > 7, = 1. Itis well established that the type sequences of symmetric and

pseudo-symmetric numerical semigroups are, respectively, {1, 1, ..., 1} and {2, 1, 1, ..., 1}
(see [5] for details).

In recent years, the study of numerical semigroups has attracted significant attention due to their
deep connections with several branches of algebra and number theory, such as the theory of
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Diophantine equations, the study of monoid algebras, and the combinatorial properties of
additive sets. Numerical semigroups provide a natural framework for understanding additive
closure under specific constraints, and many of their invariants — including the Frobenius
number, the genus, and the type sequence — offer insights into the structural complexity of
these algebraic objects. Moreover, symmetric and pseudo-symmetric semigroups play an
important role in algebraic geometry, particularly in the analysis of Weierstrass semigroups and
curve singularities. Consequently, a deeper examination of their properties contributes not only
to the theory of semigroups but also to broader mathematical contexts involving commutative
algebra and arithmetical geometry.

2) Main Results

Teorem 2.1 Suppose that & is a numerical semigroup characterized by the property n(8) = 5.
The positive numbers sequence {7, T,, T3, T4, T} iS a type sequence of the numerical semigroup
§={0,1;+1L, 1, +1,+3, 7+, +173+3, 11+, + 13+ T, +4, T, + T, + T3+ T4+
5+ 5-...}ifandonlyift, =1, + 6,7, > 3,73 = 3,14, = 75 = 1,7, is an odd number.

Teorem 2.2 Suppose that & is a numerical semigroup characterized by the property n(8) = 5.
The positive numbers sequence {t,, T,, T3, T4, Ts} IS a type sequence of the numerical semigroup
§={0,1;+3, 11+, +4,1,+ 1, +173+3, 11+, + 13+ T, +4, T+ T+ T3+ T+
s+ 5—-... }ifandonlyifr, =13 = 2,7, = 75 = 1,7, = 3,7, is an odd number.

Teorem 2.3 Suppose that § is a numerical semigroup characterized by the property n(8) = 5.
The positive numbers sequence {74, T,, T3, T4, T} iS a type sequence of the numerical semigroup
§={0,1,+3, 11+, +3, 1+, +13+3, 1+, + 13+, H 4T T, T3+ T+
s+ 5 ... }ifandonlyift, =13 = 3,7, = 175 = 1,74 = 5,74 IS an odd number.

Teorem 2.4 Suppose that & is a numerical semigroup characterized by the property n(8) = 5.
The positive numbers sequence {74, T,, T3, T4, T} IS a type sequence of the numerical semigroup
S={0,+1, 1+, +4 1+, +13+3, 1+ 1+ 3+ T+ 4T T T3+ T+
s+ 5 ... }ifandonlyift, =13 = 2,7, = 75 = 1,74 = 5,74 IS an odd number.

Teorem 2.5. Consider the numerical semigroup,

§={0,+1, 1+, +3, 1+, +13+3, 1+, + 3+, H 4T T T3+ T+
T5+5_)...},

for which the determine number is given by n(8) = 5 in Theorem 2.1. Then we have

a)  F(6) =21, +3
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b) G(6)=21,—-1
Proof. Consider the numerical semigroup

6={0,1,+1, 1y +1,+3, 1+ 1, + 13 +3, 71+, + 13+, +4 T, T, H T3+ T+

75 + 5 —...}, for which the determine number is given by n(§) = 5 in Theorem 2.1. In this
case, the type sequence{t;, T,, T3, T4, 75} Of & hold the conditions 7, =1, + 6,7, = 3,75 =
3,74, = 75 = 1, T, is an odd number.

Giventhat F(6) =1+ 1, + 13+ 1, + 15+ 4 and F(6) + 1 =n(6) + G(6), it follows that
G =1+, +13+14+15+4+1-5
=T, + T, + T3+ 174+ 715
=7;+71—6+3+1+1(t;=1,+6,13=3,1,=175=1,7, = 3)
=27, —1

Here, it is clear that G(§) = 27, — 1 from the definition of G (§). On the other hand, we obtain
F(6)=5+211—1—-1=211+3since F(§) =n() + G(6) — 1.

Teorem 2.6. Consider the numerical semigroup

5={0,T1+3,T1+T2+4‘,T1+T2+T3+3,T1+T2+T3+T4+4,T1+T2+T3+T4+
s+ 5 —>...},

for which the determine number is given by n(8) = 5 in Theorem 2.2. Then we have
C) F(§)=1,+10

d  G@)=1,+6

Teorem 2.7. Consider the numerical semigroup

5={0,T1+3,T1+T2+3,T1+T2+T3+3,T1+T2+T3+T4+4‘,T1+T2+T3+T4+
s+ 5 —...},

for which the determine number is given by n(8) = 5 in Theorem 2.3. Then we have
e) F()=1,+12

f) G(6)=1,+8

Teorem 2.8. Consider the numerical semigroup

§={0,1+1L, 1+, +4 1+, +13+ 3,7+, 3+, 4T T T AT+
T5+5—)...},

for which the determine number is given by n(8) = 5 in Theorem 2.4. Then we have
9) F(§)=1,+10
h) G(6)=1,+6

To give an example of the results we have obtained,
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Example 2.5 Based on the condition established in Theorem 2.2, if we substitute 7, = 3,7, =
T3 = 2,7, = Tg = 1 into the numerical semigroup &, we obtain § = {0,6,9,10,12,14,—-...} =
(6,9,10,14,17). For this numerical semigroup, the Frobenius number is calculated as F(§) =
7;,+10=3+10=13 andthegenusas G(6) =7, +6=3+6 =09.

In this case, the numerical semigroup & possesses an embedding dimension e(§) =5 and a
multiplicity m(6) = 6. Since e(8) # m(6),6 fails to achieve the maximal embedding
dimension (MED).

Note: This study constitutes a part of M. Sait Alakus's PhD Thesis at Dicle University, Institute
of Science, Department of Mathematics.
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ABSTRACT

In this paper, we investigate the structural properties of numerical semigroups determined by
five distinct determinantal numbers. Specifically, we establish a comprehensive set of necessary
and sufficient conditions that precisely characterize the type sequences associated with these
semigroups. Our analysis not only provides a rigorous classification framework but also sheds
light on the intricate relationships between the determinantal invariants and the additive
structure of the semigroups. The results obtained herein contribute to a deeper understanding
of the combinatorial and algebraic aspects of numerical semigroups and may facilitate further
explorations in the theory of semigroup invariants and their applications.

3) Introduction

Let 6 be a semigroup and A < §. The smallest subsemigroup of § containing A is called the
semigroup generated by A, denoted by § = (A). Accordingly, the set A is referred to as the set
of generators of . In particular, if A =1{q4,q5,...,qx} € & with g; < g, <...< gy, then § =
(91,92, ---,q;) and § is said to be finitely generated. Moreover, if there exists no proper subset
of A that still generates &, then A = {q4, g2, ..., qx }is called the minimal generating system of
J.

Let N and Z stand for the sets of nonnegative integers and integers, respectively. A subset § c
N is said to constitute a numerical semigroup whenever it meets the following structural
properties:

iv.0 € §,
V.q1 +q, € 6, forallq,,q, € 6,
vi. The complement N\§ is finite (equivalently, gcd(6) = 1).

(See [6,7] for further details.)
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For a numerical semigroup &, we define several important numerical invariants:
The Frobenius number F(§) = max{c € Z: c & 6};

The multiplicity m(8) = min{c € 6:c # 0};

The determine number n(6) = Card({0,1,2,...,F(6)} n §) ([1]).

If6 =(q1,92,---,qx) IS a numerical semigroup thend =(q1,q2,---,qx) = {pPo =
0,01,P2 - Pn-1,Pn =F(6)+1,-...} where p, <pps1,n=n(S). Here, the arrow

indicates that all integers greater than F (&) + 1 belongs to §. The integer C(8) = F(6) + 1 is
called the conductor of 6. If § =(q4,93,...,qx), The parameter e(§) = k is known as the
embedding dimension of the numerical semigroup &. It is a well-known fact that the embedding
dimension does not exceed the multiplicity, i.e., e(6) < m(8). When this bound is attained, &
is said to have a maximal embedding dimension (MED) ([4,5]).

A numerical semigroup & with Frobenius number F (&) is said to be symmetric if F(§) —d €
& forevery vd € Z\4. Itis well known that every numerical semigroup of the form § = (d,, d,)
IS symmetric.

Moreover, § is said to be pseudo-symmetric if F(§) is even and there exists exactly one integer
d =F(8)/2 suchthatd ¢ 6 and F(8) — d ¢ & (For details [2,7,8]).

The integers in N\ are called the gaps of §, and the set of all such gaps is denoted by H(§) =
{d € N:d ¢ &}. The number G(6) = Card(H(5)) is called the genus of §. It is known that
F(8) + 1 =n(d) + G(5) (For details [1,3,7]).

Lets ={py = 0,p1,02, ) Pn-1,Pn = F(8) + 1, ...} beanumerical semigroup where F(§)

and n(8) denote its Frobenius number and determine number, respectively. For 0 <j <
n(6) = n, define the following subsets:

5 ={d€ds:d=p},
8() ={d eN:d + §; c 6}.

Then, we obtain the following chain of inclusions:
6pcbép1c...cdcdcd)c...cdn—1)cdn) =N.

For 1 < j <n(6), lett; = 7;(8) = #(()H\8( — 1)), and consider the set {1, 7y, ..., Tucs)},
known as the type sequence of §. Here, 7, (8) = 7(8), but in general 7;(8) # =(8(j)). For 2 <
r < n(6), we have T, =27, > 1.

It is well established that the type sequences of symmetric and pseudo-symmetric numerical
semigroups are, respectively, {1, 1, ..., 1} and {2, 1, 1, ..., 1} (see [5] for details).
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In contemporary research, numerical semigroups have garnered considerable interest owing to
their profound connections with various areas of algebra and number theory, including
Diophantine equations, the structure of monoid algebras, and the combinatorial analysis of
additive sets. These semigroups serve as a natural framework for investigating additive closure
under prescribed constraints, and their fundamental invariants—such as the Frobenius number,
genus, and type sequence—provide valuable insights into the underlying structural intricacies
of these algebraic entities. Furthermore, symmetric and pseudo-symmetric semigroups occupy
a central position in algebraic geometry, particularly in the study of Weierstrass semigroups
and the characterization of curve singularities. As a result, a comprehensive study of their
properties advances not only the theoretical understanding of semigroups but also contributes
to broader mathematical disciplines encompassing commutative algebra and arithmetic
geometry.

4) Type sequence of some numerical semigroups with determining number of five

Proposition 2.1 Let § be a numerical semigroup and {r, = ;(8)}be its type sequence, forl <
i <n(8) such that 6§ ={py = 0,p1,P2 .., Pn&)-1,Pnesy = F(8) +1,-...} # NF = F(5)
and n = n(§). Then,

n=1r ~"Pn-1=Pn" Pn-1— 14
(@) w=F—p Pn =P 1
(b) T — {pn—l —Pn-2 9 Pn-1= Pn2<F —pn1
not Pn-1—Pn—2—19 pp1—pPp2>F— pn—l_

Teorem 2.2 Suppose that § is a numerical semigroup characterized by the property n(8) = 5.
The positive numbers sequence {t,, T,, T3, T4, Ts} IS a type sequence of the numerical semigroup
§={0,1;+3, 11+, +4,1,+ 1, +173+3, 11+, + 13+ T, +4, T+ T, T3+ T+
s+ 5—-... }ifandonlyifr, =13 = 2,7, = 75 = 1,7, = 3,7, is an odd number.

Proof. Consider the sequence {t4, 7,, T3, T4, Ts }as the type sequence associated with a numerical
semigroup & = {0, py1, P2, P3, P4, Ps, —- .- }. Suppose that § satisfies n(§) = 5and that the first
element 7, of the type sequence is an odd integer witht, =13 = 2,7, =175 = 1,7, = 3.

In this context,
FO)=t1+1,+13+14+75+4
ps=F)+1=1+1,+13+174+7T5+5
Py =F()—t5=11+ T, + 13+ 14, +T5+4—15=11+1, +13+ 7, +4
Ty =ps—pP3— 1S py—p3>F(6)—pa
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p3=p4_T4_1=T1+T2+T3+3@T1+T2+T3+4‘>F(6)_p4=T5

pZ=p3_T3_1=T1+T2+2@T1+T2+3>F(6)_p3=T4,+T5
and
pl=p2_T2_1=T1+1@T1+2>F(6)_p2=T3+T4,+T5+2.

As aresult of this construction, the numerical semigroup § = {0,7; + 3,7, + 7, + 4,7, + T, +
T3+3, T +1,+13+7,+4,7,+7, + 73+ 74 + 75+ 5 —...}is derived.

Conversely, consider the numerical semigroup 6 ={0,7; +3, 74 + 17, + 4,74 + T, + 73 +
3T+ T+ T3+ T4 +4, T+ T, + T3+ T, +T5+5 ...} where the expression
{t,, 74, T3, T4, T5} refers to the ordered collection of generators that are positive integers.

ilfp, <pyandp,=p;+3=>11+1,+4=17,+3+3=1,=2.Inthiscase, p; < p,
and p, = p; + 3.

ii.lfp1<p3andp3=p1+4=>T1+T2+T3+3=T1+3+4=>T2+T3=4$2+T3=
4 = 13 =2.Insuchacase, p; < pzand p; = p; + 4.

iii.On the other hand, p, — p; = 2 and from here we find (t; + 7, + 13 + 174, + 4) —
(ty+1,+13+3) =2=1,=1.Finally, ps — p, = 2and from here we obtain
(14113 + T4 +15+5) — (T + 1+ 13+, +4) =2=>15 = 1.

The demonstrations of the subsequent theorems can be derived through arguments analogous
to those presented earlier.

Teorem 2.3 Suppose that & is a numerical semigroup characterized by the property n(8) = 5.
The positive numbers sequence {74, T,, T3, T4, Ts} IS a type sequence of the numerical semigroup
§={0,+1L, 1+, +3, 1+, +13+3, 1+t 13+, 4T T T3+ T+
s+ 5 ... }ifandonlyift, =1, + 6,7, = 3,73 = 3,7, = 75 = 1, T, is an odd number.

Teorem 2.4 Suppose that & is a numerical semigroup characterized by the property n(8) = 5.
The positive numbers sequence {7, T,, T3, T4, Ts} IS a type sequence of the numerical semigroup
6={0,1,+3, 1, +17,+3, 1+ 1, +13+3, 11+, + 13+, +4 T, + T, + T3+ T4+
s+ 5 —-... }ifandonlyifr, = 73 = 3,7, = 75 = 1,7, = 5,7, is an odd number.

Teorem 2.5 Suppose that § is a numerical semigroup characterized by the property n(8) = 5.
The positive numbers sequence {z,, T,, T3, T4, T5 } IS @ type sequence of the numerical semigroup
§={0,1;+1L, 11+, +4, 1+ 1, +173+3, 11+, + 13+, +4 T+ T, T3+ T+
s+ 5 —-... }ifandonlyifr, =13 = 2,7, = 75 = 1,7, = 5,7, is an odd number.
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To give an example of the topics we have obtained;

Example 2.6 Consider the numerical semigroup

6 =(8,11,14,18,20,21,23,25,27) = {0,8,11,14,16,18,—...}. In this case, the Frobenius
number is F(6) =17, the determine number is n(6) = #({0,1,2,...,17} n6) =
#({0,8,11,14,16}) = 5, and the conductor of § is C (&) = 18. In addition, the gap set associated
with the numerical semigroup, along with its genus, are determined respectively as follows:

H(s)={del :des}={1,23456,7,910,12131517} and

G(5)=#(H(5))=13.

The numerical semigroup § has an embedding dimension of e(&) = 9 and a multiplicity of
m(&) = 8. Hence, the numerical semigroup under consideration cannot be characterized as
possessing a maximum embedding dimension (MED), given that its embedding dimension

differs from its multiplicity, that is, e(§) # m(9d).

Finally, we proceed to determine the type sequence associated with the given numerical

semigroup in an orderly manner.

Let
5(0)=6,={d€8:d=py}=5

5, ={d€é&:d>8}=1{811,14,16,18,—...}
5(1) ={d eN:d + &, c 6} ={0,8,10,11,12,13,14,15,16,17,18, -... }

and note that the numerical semigroup & has type
7, = 7(8) = #(6(D[_s) = #({10,12,13,15,17}) = 5,
5, ={d €6:d =11} ={11,14,16,18,-...}

5(2) ={d e N:d + 6, c 6} ={0,5,7,89,10,11,12,13,14,15,16,17,18, ...}

and note that the numerical semigroup & has type
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7, = # (6@ _Jo(1) = #({57.9) = 3.

By a similar approach, we determine that 73 = 3,7, = 1vets = 1. Consequently, the type
sequence of the numerical semigroup & is given by {5,3,3,1,1}.

Moreover, according to the condition stated in Theorem 2.4, lett; = 5,7, =13 =317, = 75 =
1,7; = 5. Consequently, we obtain the numerical semigroup & = {0,8,11,14,16,18 —...} =
(8,11,14,18,20,21,23,25,27), and then express the corresponding type sequence as {5,3,3,1,1}.
In this case, the type of § indicates that § is not symmetric, since F(§) —2=17-2=15 ¢
§fort, = 7(8) = #(8(1)[_Is) = #({10,12,13,15,17}) = 5and 2 € Z\8. Moreover, & is not
pseudo-symmetric, as its Frobenius number is F (&) = 17, which is odd.

Note: This study constitutes a part of M. Sait Alakus's PhD Thesis at Dicle University, Institute
of Science, Department of Mathematics.
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KUVVETLI TOPLANABILIRLIK KAVRAMININ MODULUS
FONKSIYONLARIYLA GENISLETILMESI
Dr. Ogr. Uyesi, Dincer Atasoy
Igdir Universitesi/Miihendislik Fakiiltesi
dinceratasoy65@gmail.com- ORCID: 0000-0003-0389-1059

OZET

Bu ¢alisma, modiiliis fonksiyonlar1 araciligiyla tanimlanan kuvvetli toplanabilirlik kavramini
incelemekte ve bu kavramin klasik dizi uzaylariyla olan iliskisini ortaya koymaktadir. Modiiliis
fonksiyonlari, yakinsaklik ve toplanabilirlik teorilerini genellestirerek, farkli diziler arasindaki
limit davranislarin1 anlamada giiglii bir ara¢ sunar. Bu kapsamda, W (C, f, p) uzayi ele alinmis
ve bu uzayin tam bir paranormlu uzay oldugu ispatlanmaistir.

Ayrica, f modiiliis fonksiyonunun 6zellikleri kullanilarak W (C, f,p) < W(C, f) bagintisi
gosterilmis, boylece modiiliis fonksiyonlarinin dizi uzaylar1 arasinda bir hiyerarsi olusturdugu
ortaya konmustur. Elde edilen sonuglar, klasik Cesaro toplanabilirlik kavramiin modiiliis
fonksiyonlariyla genisletilebilecegini gostermektedir.

Bu caligsma, modiiliis fonksiyonlarinin hem teorik analizlerde hem de uygulamali matematikte
yeni dizi uzaylarinin tanimlanmasi i¢in kullanilabilecegini gostermekte ve ilerleyen
aragtirmalar i¢in gii¢lii bir temel sunmaktadir.

Anahtar Kelimeler: Modiiliis fonksiyonu, kuvvetli toplanabilirlik, Cesaro metodu, dizi
uzaylari, paranorm.

THE EXTENSION OF THE CONCEPT OF STRONG SUMMABILITY THROUGH
MODULUS FUNCTIONS
Asst. Prof. Dr. Dinger Atasoy

Igdir University / Faculty of Engineering
dinceratasoy65@gmail.com — ORCID: 0000-0003-0389-1059

ABSTRACT

This study investigates the concept of strong summability defined via modulus functions and
explores its relationship with classical sequence spaces. Modulus functions serve as an effective
tool in generalizing summability and convergence theories by providing a broader framework
for analyzing the limiting behavior of sequences. In this context, the space W(C, f,p) is
examined, and it is proven that this space constitutes a complete paranormed space.

Moreover, by utilizing the structural properties of the modulus function f, it is shown that
W(C, f,p) € W(C,f), which establishes a hierarchical relationship among such sequence
spaces. The results demonstrate that the classical Cesaro summability concept can be extended
through the use of modulus functions.
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Overall, the study highlights that modulus functions can serve as a theoretical foundation for
defining and analyzing new sequence spaces, providing a robust framework for future research
in both functional analysis and summability theory.

Keywords: Modulus function, strong summability, Cesaro method, sequence spaces,
paranorm.

GIRIS

Bu c¢alisma, modiiliis fonksiyonu kavrami aracilifiyla kuvvetli toplanabilirlik konusunu
incelemektedir. Ozellikle dizi uzaylar teorisinde &nemli bir yere sahip olan modiiliis
fonksiyonlarmin, yakinsaklik ve toplanabilirlik kavramlarini genellestirmedeki rolii ele
alinmaktadir.

Modiiliis fonksiyonlari, klasik limit kavramiin &tesine gegerek farkli yakinsaklik tiirlerini
aciklama olanagi sunar. Bu nedenle, dizi uzaylarinin yapisal 6zelliklerini anlamada ve yeni uzay
tirlerinin tanimlanmasinda Onemli bir ara¢ olarak kullanilir. Bu baglamda, kuvvetli
toplanabilirlik kavrami1 modiiliis fonksiyonlar1 yardimiyla genisletilerek hem teorik hem de
uygulamali matematik alanlarinda yeni perspektifler kazandirmaktadir.

Bu ¢alismada amag, modiiliis fonksiyonlariyla tanimlanan kuvvetli toplanabilirlik uzaylarinin
temel Ozelliklerini incelemek, bu uzaylarin tam paranormlu yapiya sahip oldugunu gostermek
ve literatiirde yer alan bazi sonuglarla baglanti kurmaktir.

MODULUS FONKSIYONUNUN TARIHCESI

Modiiliis fonksiyonu kavrami ilk olarak Japon matematik¢i Nakano (1953) tarafindan ortaya
konmustur. Nakano’nun c¢aligmalari, fonksiyonel analiz ve dizi uzaylar1 teorisinin birlestigi
alanlarda yeni tanimlara onciiliik etmistir. Daha sonra Ruckle, {e;, e, ... } birim vektorlerinden
olusan sinirl bir kiime igeren en kiiciik FK-uzay1 var midir?” sorusuna yanit ararken modiiliis
fonksiyonlarini kullanarak €1 uzayinin genellestirilmis bigimini tanimlamistir (Nakano, 1953)
(Ruckle, 1970).

Bu gelismelerin ardindan, Maddox (1986) kuvvetli Cesaro toplanabilir dizilerden olusan
uzay1 W (f) olarak tanimlamis, bu uzay1 modiiliis fonksiyonlar1 yardimiyla genellestirmistir.
Maddox’un bu katkisi, modiiliis fonksiyonlarinin yalnizca teorik degil, aynt zamanda
uygulamali analizde de kullanilabilirligini gostermistir (Maddox, 1986).

Daha sonraki yillarda Connor (1989), bir A regiiler matrisi ele alarak W (A4, f) bigiminde yeni
bir toplanabilirlik metodu tanimlamistir. Bu yaklasim, modiiliis fonksiyonlarinin matris
dontigiimleriyle birlestirilmesine ve dolayisiyla dizi uzaylarmin genisletilmesine olanak
saglamistir (Connor, 1989).
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Giliniimlizde modiliis fonksiyonlari, farkli yakinsaklik ve toplanabilirlik kavramlarin
birlestiren giiglii bir ¢erceve sunmakta; istatistiksel yakinsaklik, Orlicz uzaylari1 ve paranormlu
uzaylar gibi modern analiz alanlarinda da kullanilmaktadir.

LIMIiTLEME METODU

1. Bir dizi x = (x;) = reel veya kompleks sayilardan olusur.

A = (a,;) bir sonsuz matris ve x = (x;) bir dizi olsun.

2. tanimliysa, y = Ax dizisi x’in A matrisi altindaki doniisiimiidiir. Bu doniisiim
limitleme veya toplanabilme metodu olarak adlandirilir (Maddox,1970; Petersan,1966).
(Petersan, 1966)

Ornek

t, = %(sn + Spt1) (n=1,2,3,...) seklinde tanimlanan doniisiim bir limitleme metodu

oldugunu gosterelim.

1 1 1
= 1n + spe)l < 5 (sl + Isnal) < 5K +K) =K

1
|tn| = E(Sn + Sn+1)
(i) T(o4+71)=T(s1+ty,S,+ty..,Sp+ 1ty ..)

1
=3 (Sp + tn + Spi1 + thi)

1 1
= 2 (Sn + Sn+1) + 2 (tn + tn+1)

=T(o) +T(7)
(ii) T(ao) = T(as;, asy, ..., ASy, ...)
:% (OCSn + 5n+1)
=aT (o)

REGULERLIK

Tanim:
Bir A=(a,) matrisi verilmis olsun. Eger A matrisi yakinsak bir diziyi yine yakinsak bir diziye
doniistlirliyorsa ve ayni1 zamanda limiti koruyorsa A matrisine Regiilerdir denir (Maddox,1970).

3. Eger x, = L i¢in Ax — L saglaniyorsa, bir A matrisi regiilerdir.

Bir A = (a,;) matrisi regiiler olmasi igin asagidaki kosullarin saglanmasi gerekir;

1. supy Xk lapk| < oo,

2. Zk Ank = 1,

3. 1im ay, = 0, her sabit k igin (Maddox,1970).
n—oo
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Ornek
t, = %(sn — Sp+1) (n=1,2,3,...) ile tammlanan limitleme metodu regiiler degildir.

Ciinkii bu doniisiim biitlin yakinsak dizileri, bir sifir dizisine doniistiiriir. Gergekten de,
S, S (n- x) ise

limt,, = lim E (s, — sn+1)] = %limsn — %limsnﬂ = 0 dr.
MODULUS FONKSiYONLARI

Tamm
[0,00) dan kendi tizerine tanimli bir f doniisimii Vx,y € [0, ©)icin

() f)=0ex=0

(i) fx+y) < f) + f(y)

(iii) fo < fu+1 (f artan)

(iv))}i%1+ f(x) = f(0) (nakano,1953).

4. f(t) =tP, p > 1 fonksiyonu bir modiiliis fonksiyonudur.

f() = t(l + log(1 + t)) fonksiyonu da bir modiiliis fonksiyonudur.

Ornek

flx) = xx: fonksiyonu sinirl1 bir modiiliis fonksiyonudur. Inceleyelim;

(i) f)=00—"-=0

x+1

(i) fx+y) =" ="t 2 <+ L <fx)+f()

x+y+1 _-x+y+1 x+y+1 = x+1  y+1
. x ' _ 1 o
@ii)f(x) = — denf (x) = G~ 0 oldugundan f artandur.

(iv) lim =— =0 = f(0) oldugunda f sifirda sagdan siireklidir.
x—-0t x+1

O halde f bir modiiliis fonksiyonudur.

Ornek
f(x) =log(1 + x) smirsiz fonksiyonu da bir modiiliis fonksiyonudur. Inceleyelim;
(i) log(1+x) =0 & x = 0diwr.¢linkilog(1+ x) = logl = 0dir.o halde f(x) =0 &
x = 0 sartint saglar.
(i) fx+y) < f()+ fy)dir.ginkil+x+y <1 +x)(1+y)
esitligi ve logaritma 6zelliginden log(1 + x + y) < log(1 + x) + log(1 + y)
elde ederiz. Dolayisiyla f(x +y) < f(x) + f(y)dur.
(iii) fartandur.
f(x) =log(1+ x)den f'(x) = bge S0 pozitif oldugundan fonksiyon artandir.

1+x
(iv) f sifir noktasindan sagdan siireklidir.
lim log(1+x) =0= f(0)
x—0%
dir. O halde f(x) = log(1 + x) bir sinirsiz modiiliis fonksiyonudur.

Lemma
f ve g iki ayr1 modiiliis fonksiyonu olmak {izere
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(1) f™ = fofo ...of modiiliis fonksiyonudur.
(ii) a > 0 olmak tizere (a, f)modilis fonksiyonudur.

@iii) f+ g, % birer modiiliis fonsiyonudur.

iv)f—g.f.9.f% gi fonksiyonlarinin birer modiiliis fonksiyonu olmasi gerekmez.

ispat
f™ = fofo ...of fonksiyonunun modiiliis fonksiyonu oldugunu tiimevarim yontemi ile

gosterelim. n=2 icin 2 = (fof)(x) = f(f(x)) modiiliis fonksiyonudur. Ciinkii;

(i) F(F@) =00 f@ =0cx=0
(i) F(fGc+) < fFQ)+ ) < F(fG) + F(FB)
(iii) fof bileske fonksion artandur. ¢iinkii (fof)' (x) = f'(f(x)).f(x) = 0

(iv) “%L fF) =f ( £(0)), f fonksiyonu 0 a sagdan siireklidir. O halde
xX—
N=k-1 i¢in f*~* = fofo ...of
modiiliis fonksiyonu olsun.

N=k i¢in dogru oldugunu gdsterelim.
¥ = fofo..of = f*1(f)burada f*=* fonksiyonu modiiliis oldugundan f* bileske

fonksiyonu da modiiliis fonksiyonudur.

Not f~1 bir modiiliis fonksiyonu olmak zorunda degildir.

1
f(x) = xz fonksiyonunu ele alalm. f~1(x) = x? fonksiyonu modiiliis fonksiyonu degildir.

Cinkii f(x +y) < f(x) + f(y) sart1 Vx € [0, ) igin saglamaz.
CESARO ORTALAMASI

Bir dizinin birinci mertebeden Cesaro ortalamasi

olarak tanimlanir. Eger s,, — L ise, o,, = L olur.

Sk = L + e, yazalim. O zaman
n

1
o, — L= ;z g
k=1
e — 0 oldugundan, Ve > 0 i¢in yeterince biiyiik N vardir ki |e,| < &, k > N. Bu durumda

N
| u<1§||+ b
0, — S — e E e
" nk—l * n

Teorem
Cesaro metodu regiilerdir (johnsonbaugh ve ptaffenberger,1981).

Ispat
Verilen Ve > 0 igin en az bir NE N vardir. Oyle ki her n> N igin
L—e<s<L+e
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+ +...+ .
27T olsun. Burada ¢,

_Sl+SZ+“'+SN+SI+N+SZ+N+'“+STL
n n

n

seklinde yazilabilir.

(n—=N)([L —¢) < Si+n T Sa4n T+ Sy < (L+e)(n—N)
n n n

oldugundan

C=S14nt Syt -+ 5y,

olmak Uzere

dir.

n n n
¢ (m—N)([L-—c¢ L+e)(n—N
lim sup (—+ ( )\ )) < lim sup t, < lim sup (( ) ) +
n—oo n n n—-oco n—oo n
esitligini yazabiliriz. (Esi & Sharma, 2015)
lim<£+(n ) E)>=0+ L—c¢
n-co \ N n
¢ (mn—N)L+e¢
lim<—+( ) )>=0+L+e
n-c \ N n

£+(n—N)(L—£)<t <(L+£)(n—N)+£

n

oldugundan her € > 0 icin

L—e<limsupt, < L+¢
n—-oo

olur. Sonug olarak

L<limsupt, <L
n—-oo

olur ki bu da lim sup t, = L demektir. Benzer olarak
n—->0o

lim inft, =1L
n—-oo

dir. Lemma geregince

limt¢t, =L
n—->oo

yazabiliriz ki; bu da istenilen sonugtur.

Tanim

(ax)qo karmasik sayilarin bir dizisi olsun.

limiti var ise (ay)q dizisi L ye cesaro yakinsakliktir denir. Bu sekilde olan dizilerin uzayi (C,1)

olarak gosterilir (powell ve sham,1972).

Tanim

x € W ve p pozitif reel sayt olsun.

n

1
lim— ) [x,—LIP=0
n-on
k=1
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olacak sekilde bir L karmasik sayis1 varsa x dizisi L sayisina p-cesaro toplanabilirdir denir
(cannor,1988). (Connor, 1988)

KUVVETLI P-CESARO TOPLANABILIRLIK VE MODULUS ALTINDA
GENELLEME

5. Bir x = (x;) dizisi ve p > 0 i¢in,
n
1
lim —lek —LP=0
n—-on
k=1
6. ise, x dizisi L’ye kuvvetli p-Cesaro yakinsaktir.

Modiiliis fonksiyonu f i¢in,

n

1
lim— > f(jx,— L) =0
n-on
k=1
7. ise, x dizisi L’ye f-modiiliis altinda kuvvetli toplanabilirdir.
8. Eger f(t) = tP alinirsa, bu tanim klasik kuvvetli p-Cesaro toplanabilirlige indirgenirse

dogrudan yerlestirme ile:

n n
S =L =2 ) g~ L
n f (e )= n Lk

k=1 k=1

olur ve iki tanim birbirine indirgenir.

Tanim
(x; )kompleks terimli bir dizi ve f bir modiiliis fonksiyon olmak tizere

1 n
=D Fxe=1D =0 ()
k=1

olacak sekilde bir [ sayis1 varsa (x; ) dizisi [ ye f modiiliis altinda kuvvetli toplanabilirdir denir
ve bu uzaya

wie,p) = {x = (0): 2 Zkes f(li = 1) = 0, (n = o)}

1 n
wo(c,p) = {x = (xp): EZ f(xk]) = 0,(n - 00)}
k=1

1 n
W (c,p) = {x = (s ) flxl) < oo,}
k=1

olarak tanimlanir(maddox,1986).
Tanim
(x) kompleks terimli bir dizi ,f bir modiiliis ve p = (py) pozitif reel terimli bir dizi olsun.

Buna gore
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1 n
w(c, f,p) = {x = (x0): ;Z F(lxe = IDP* > 0, (n > oo)}
k=1
wo(c, £,p) = {x = (x): ~ Xty f (i )PE = 0, (n - o)}

1 n
Wea(c, f,p) = {x GO L oo}
k=1

olarak tanimlandi. Eger x € w(c, f,p) ise x; = l[w(c, f,p)] yazacagiz. Burada kolaylik
acisindan {f (|x, — l|)}Pkyerine f(|x; — L|)P*yazilmistir.

W(C,f,p) UZAYININ OZELLIKLERI

9. W(C f,p) = {a:3L € Coyle ki limyoo~ X7, f (7, — L) = 0},
Eger x,y e W(C, f,p) ve a, 8 € C,0zaman ax + fy € W(C, f,p).
f’nin altadditifligi nedeniyle:
f(laxi + By = (aLx + BLy)|) < flallxic = LeD) + F(IBI]ye = Ly|).
10.  Ortalama alinarak her iki terimin limiti 0’a gider.

Eger f bir 4,-benzeri kosul (f(2t) < Kf(t)) sagliyorsa, W (C, f, p) uygun sekilde
tanimlanmig paranorm altinda tamdir.

Ornek

11.  xx = (—1)* dizisi yakinsak degildir, ancak Cesaro ortalamasi

1

12 o, =+ R (—D*iging, - 0.
X = m i(}il’l,
n n
1 Zl i 1 1 logn 0
f— = — —_—-——
n ke niak n
k=1 k=1

13.  Dolayssiyla x giiglii p-Cesaro toplanabilirdir.

Teorik Kismin Sonucu

Bu ¢aligma, modiiliis fonksiyonlar1 yardimiyla tanimlanan kuvvetli toplanabilirlik uzaylarinin
yapisal ozelliklerini ortaya koymustur. Elde edilen sonuglara gore:

e W(C,f,p) uzay: tam bir paranormlu uzaydir.
e f modiiliis fonksiyonu sinifinda yer aldiginda, klasik Cesaro toplanabilirlik kavrami
genisletilebilmektedir.
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e p parametresi sayesinde, farkli agirliklarda toplanabilirlik diizeyleri
tanimlanabilmistir.

e W(C, f,p) € W(C,f) iliskisinin gecerliligi, bu uzaylarin hiyerarsik yapisini
gostermektedir.

e Modiiliis fonksiyonlari, dizi uzaylarinda yakinsaklik ve toplanabilirlik teorilerini
genellestiren giiclii bir ara¢ olarak degerlendirilebilir. Bu yaklasim, ileride
hem fonksiyonel analiz hem de yakinsaklik teorisi alanlarinda yeni uzaylarin
tanimlanmasi ve incelenmesine temel olusturabilir.

GENELLESTIRiLMiS CESARO METODUNUN PYTHON iLE UYGULAMALI
INCELEMESI

1. Modiiliis Fonksiyonlarimin Karsilastirilmasi
Modulus Fonksiyonlarinin Karsilastiriimasi

2517 — flx)=ris

— Kx)=x?

20 1= f(x)=In(1 + x)

15 4

f(x)

10

Gorsel 1. Modiiliis Fonksiyonlarinin Karsilastirilmasi

Modiiliis fonksiyonunun se¢imi, yakinsama hizini ve dizinin hangi kosullar altinda “kuvvetli
toplanabilir” sayilacagin1 dogrudan etkiler.

Ozellikle f;(x) = ﬁfonksiyonu, klasik mutlak deger Olgiisiine gore daha yumusak bir

yaklagim sunar. f;(x) = ﬁ (mavi egri)
Baslangi¢ noktasi: f;(0) = 0. Artan bir fonksiyondur, ancak iist sinir1 vardir.

x = ooigin f;(x) = 1. Bu nedenle grafikte f; (x) egrisi yavasca artmakta ve 1 degerine
yakinsamakta. Bu fonksiyon doygunluk veya azalan artis 6zelligi gosterir.
Yani baslangicta hizli artar, sonra sabitlenir.
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f>(x) = x? (turuncu egri), Baslangi¢ noktasi: f,(0) = 0. Siirekli artan, dogrusal olmayan bir
fonksiyondur. x biiyiidiikk¢e ¢ok hizli artar. x = 5 igin f,(5) = 25 oldugu grafikte de agikca
goriilityor. Bu fonksiyonun egimi siirekli artar; yani biiylime hizi katlanarak artar. Diger iki
fonksiyona gore ¢ok daha hizli biiyiidiigii i¢in grafik iist kisma dogru hizla ytikselir.

fs(x) =In(x + 1) (yesil  egri), Baslangic  noktasi: f3(0) = 0.  Siirekli  artan,
ancak logaritmik bir fonksiyondur. Biiytime hizi giderek azalir, yani x biiyiidiikge artis ¢ok
yavaglar. x =5i¢in f3(5) =1In(6) = 1.79. Bu fonksiyonun artis1 f;(x)’e  benzer
sekilde sinirl biiyiime davranist gosterir ama f; (x)’ten daha yiiksek degerlere ulasir. (Esi &

Sharma, 2015)

Karsilastirmah Analiz

Cizelge 1.Modiiliis Fonksiyonlarimmin Karsilastirilmasi1 Analizi

Ozellik G = jx L@ =% | fG)=In(+x)
Baslangicta artis Hizh Yavas Hizli
Biiyiik x i¢in davranig||1’e yakinsar | Sonsuza gider|Logaritmik artis (yavas)
Biiylime tipi Azalan artis  ||Hizlanan artig||Azalan artig
f(5) degeri (yaklasik) ||0.83 25 1.79
Ust sinir Var (1) Yok Yok ama ¢ok yavag artar

Grafik, modiiliis fonksiyonlarinin “artanlik” ve “biiylime hiz1” 6zelliklerinin ne kadar farkl
oldugunu agik¢a gostermektedir. Bu tiir karsilastirmalar 6zellikle toplanabilirlik, yakinsaklik
veya agirlikli ortalama kavramlarinin analizinde oldukga faydalidir.
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2. Cesaro ortalamalarimin yakinsama davranisi
Cesaro Ortalamalarinin Yakinsama Davranisi

1.0 4

0.8
@
B 0.6 -
g & Xn=1
£ W Xn = (1)
2 —&— Xn=1/n
. 0.4
w
[V}
o

1 igin Cesaro limiti = 1.0
(=1)® igin Cesaro limiti = 0.0
1/n igin Cesaro limiti = 0.13316623769734634

b
3
wowon

Gorsel 2. Cesaro ortalamalarinin yakinsama davranisi

Cesaro ortalamasi, 6zellikle salinimli dizilerde klasik yakinsamanin yetersiz kaldig:
durumlarda bir genelleme saglar. Bu durum kuvvetli toplanabilirlik kavraminin temelini

olusturur.

Bir dizi (x,)’in Cesaro ortalamasi su sekilde tanimlanir:

Eger s, dizisi bir limite sahipse, bu limite Cesaro limiti denir.
Klasik yakisaklikta x,, — L gerekiyorken, burada dizi ortalama degerleriyle incelenir.

Grafikteki Diziler ve Gozlemler

1. Dizi: x,, = 1 (mavi daireli egri)

Her terim 1 oldugundan:
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1
Sp=—(1+1+41) =1

Dolayisiyla her Cesaro ortalamasi tam olarak 1°dir. Grafik boyunca sabit yatay bir ¢izgi
seklindedir. Cesaro limiti = 1.0 Bu, klasik limit ile aynidir. Yani x,, = 1 dizisi hem klasik
hem de Cesaro anlaminda 1’e yakinsar.

2. Dizi: x,, = (—1)™ (turuncu kareli egri)

Bu dizi salinimli (alternating) bir dizidir: +1,—1,+1, —1, ... Klasik anlamda limiti yoktur
clinkdi siirekli 1 ve -1 arasinda gidip gelir. Ancak Cesaro ortalamasi:

1

Sp=—(1—-1+1-1+-+)
n

seklindedir.

n arttik¢a pozitif ve negatif terimler birbirini dengeler, ortalama degeri 0’a yaklasir.Grafik bu

durumu net gosteriyor: turuncu ¢izgi baglangigta dalgalansa da zamanla 0 etrafinda

sonlimlenerek yataylastyor.

Sonugc:

X, = (—1)™ klasik anlamda yakinsak degildir,

ama Cesaro ortalamasi 0’a yakinsar.
Yani Cesaro anlaminda yakinsaktir ve limiti 0’dur.

3. Dizi: x, = % (yesil iggenli egri) (Esi & Sharma, 2015).

Klasik anlamda x,, — 0, dolayisiyla Cesaro ortalamasi da 0’a yakinsar. Ancak Cesaro
ortalamas1 daha yavas bir sekilde azalmaktadir.

[lk birkag terimde biiyiik degerler baskin oldugu igin s,, baslangigta yiiksektir (~0.6 civari),
fakat n arttik¢a logaritmik sekilde diiser. Teorik olarak:

1 1 In(n)+y
Sn =4 k= n

(Burada y Euler sabitidir = 0.5772) ve bu ifade n — oo i¢gin 0’a gider. Grafikte ise

n = 30 civarinda Cesaro ortalamasi yaklasik 0.13’tiir.
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Sonugc:
1 ,. ... . N e \ . .
Xp =~ dizisinin hem klasik hem de Cesaro limiti 0’dir, ancak Cesaro ortalamasi siireci daha

diizgiin bir azalig gosterir.

Genel Karsilastirma Tablosu

Cizelge 2. Genel karsilastirma analizi

Dizi Klasik Limit|Cesaro Limiti Yakinsama Davramsi
x, =1 |1 1 Sabit, dogrudan yakinsak
x, = (=1)™|Yok 0 Salinimli ama ortalamada yakinsak
x, =1/n |0 0 Azalan, yavas yakinsak

3. Kuvvetli p-Cesaro Toplanabilirlik
Kuvvetli p-Cesaro Ortalamalarinin Yakinsama Davranisi

1.0 A
0.8 A
Q
= 064
|
x
:wz
S o4
0.2 1
- Xp=1n
- Xp=(-1)"
0.0 + —#&— Xp=sin(n)

T T T T T

0 10 20 30 40 50

1/n dizisi igin son deger = 0.03250
(-1)"n dizisi igin son deger = 1.00000
sin(n) dizisi igin son deger = 0.49000

Gorsel 3. Kuvvetli p-Cesaro Toplanabilirlik

Kuvvetli p-Cesaro kavrami, klasik Cesaro’ya gore yakinsamanin derecesini nicel olarak
Olcen bir yap1 saglar. Bu, 6zellikle dizi farklarinin kontrolii agisindan énemlidir.

Y-ekseni su biiyiikliigii gésteriyor (grafigin eksen etiketi ve alt notlara bakinca):
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n

1Z| L
n xk

k=1

burada kullanilan p = 2 (yani kareler aliniyor) ve grafikte L = 0 kabul edilmis. Yani her dizi
icin terimlerin ortalama karesi (mean square) ¢izilmis. Bu biiytikliik — 0 ise
dizinin kuvvetli p-Cesaro (burada p = 2) anlaminda 0’a yakinsadigini sdyler.

Mavi —x, = 1/n

Hesaplanan biiytikliik:
n n
1 1, 1 1
n (k) n k2
k=1 k=1
Bilinen sonug: z % = {(2) = m?/6. Dolaystyla biiyiik n i¢in
k=1
n
1 1 n?/6
n k2~ n
k=1

yani O(1/n) hizinda sifira iner.

Bu ylizden grafikte mavi egri hizla (monoton) azalir ve n — oo i¢in 0'a yakinsar. n=50
civarinda ~0.0325 elde edilmesi teorik degerin (72/6)/50 = 0.0329 ile uyumludur.

Sonuc¢

X, = 1/n i¢in gii¢lii p-Cesaro ortalamasi 0’a yakinsar — dizinin ortalama karesi sifira
gidiyor.

Turuncu — x,, = (="
Her terimin karesi | (—1)™ — 0 |?= 1. Dolayisiyla

n
1
“Y =1,
n

k=1
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Bu nedenle turuncu egri grafik boyunca sabit 1’dir (kiigiik dalgalanma yok). Klasik
limit: x,, yakinsak degil (1 ve —1 arasinda salinim), ama Cesaro ortalamasi (p=1 durumunda)
0’a yaklasir. Ancak burada p=2 ile karelerini aldigimiz i¢in ortalama karesi 1 olarak kalir —
yani L = 0 kabulii altinda bu 6l¢ii 0'a inmez.

Sonu¢

X, = (D" igin%Z | x, — L |?sabit 1 — dolayisiyla giiclii 2-Cesaro bakimindan 0’a

yakinsamaz.

Yesil — x,, = sin (n) (Esi & Sharma, 2015).

Incelenen biiyiikliik: % Z:zl sin (k). Ciinkii L = 0 almdig1 igin | sin (k) — 0 |?= sin ?(k).
Teorik olarak: sayilar k mod 2 diizleminde ekvivaryant dagildigi i¢in (1 radianin 27 ile orani
irrasyonel oldugundan), uzun vadede sin ?(k) ortalamas1 zamansal ortalama olarak Y
olur. (ya da daha genel: ortalama deger % fozn sin?tdt = 1/2.) Grafikte yesil egri

yaklagik 0.49 civarinda saliniyor ve n arttikca bu degerin etrafinda kii¢iik dalgalanmalar
gosteriyor. (Esi & Sharma, 2015) (Dag, 2015)

Sonug¢

X, = sin (n) i¢in ortalama kare degeri yaklasik 1/2; dolayisiyla giiclii 2-Cesaro
acisindan 0’a yakinsamaz (lim = 0.5).
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4.  W(Cf,p) uzaymn gorsel analizi
WIC, f, p) altinda Kuvvetli Toplanabilirlik (fix) = x/(1 + x), p=2)

0.25 1

0.20 A

(1/n) 2[f(|xic — L|)]P

0.05 1

0.00

0 10 20 30 40 50

1/n igin limit degeri = 0.012510
(-1)"n igin limit degeri = 0.250000
sin(n) igin limit degeri = 0.148150

Gorsel 4. W(C.,f,p) uzayinin gorsel analizi

Bu durum, W(C, f, p) uzayinin klasik kuvvetli p-Cesaro uzayma goére daha genis ve esnek bir
yakinsama alani sundugunu gosterir. Dolayisiyla modiiliis fonk- siyonu, 6zellikle yiiksek
salinimli dizilerde daha istikrarli yakinsama davraniglari elde etmeyi saglar.

Cizelge 3.W(C,f,p) Analizi

- Limit Degeri
Dizi (Yaklasigk) Yorum
(1/n) 0.0123 Hizl giiglii yakinsama
((=1)"*/n) 10.063 Salinim bastirilmis, toplanabilir
Sin(n) 0.181 Yakinsak degil ama sinirl giiclii toplanabilir

Fonksiyonu modiiliis tipi bir yumusatma fonksiyonu olup, farklarin biiyiikligiinii azaltir. Bu
nedenle klasik Cesaro veya p-Cesaro yontemine gore daha genis bir yakinsama alani saglar.
Grafik acgikca gosteriyor ki:

W(, f,p) >W(,p)

yani bu uzay daha kapsayicidir.

5.  Kuvvetli p-Cesaro ile W(C.,f,p) Yakinsama Karsilastirmasi
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Kuvvetli p-Cesaro ile W(C, f, p) Yakinsama Karsilastirmasi

1.0+ Kuvvetli p-Cesaro (f(x) = x)
Modlis altinda Kuvvetli Toplanabilirik (f(x) = x/(1 + x))

o o o
= [=)] [s2]
: :

(LMY |xx — L|° ve (LIn)Z[f(|xx — L)]P

o
o

0.0

Gorsel 5. Kuvvetli p-Cesaro ile W(C,f,p) Yakinsama Karsilastirmasi

Mavi egri (Kuvvetli p-Cesaro, f(x)=x) — ham farklara dayali klasik yontem; daha yavas
azaliyor. Turuncu egri (Modiilis altinda, f(x)=x/(1+x)) — modiiliis fonksiyonu farklar

“bastirdig1” i¢in ¢ok daha hizli sifira yaklasiyor.

Yani W(C,f,p) uzayi, klasik kuvvetli p-Cesaro’ya gore daha genis ve daha esnek bir yakinsama
alan1 sagliyor.

Turuncu Egri — Klasik Kuvvetli p-Cesaro (f (x) = x)

Dizinin farklart dogrudan alinir, herhangi bir yumusatma uygulanmaz. Bu nedenle
egri yuksekten baglar (yaklasik 1.0) ve yavas azalarak sifira yaklagir. Yakinsama mevcut olsa
da, dalgalanma ve farklarin biiyiik oldugu erken terimlerde etkisi belirgindir. Bu yontem dizinin
ham farklarini hesaba katt1g1 i¢in yakinsama hiz1 diistiktiir. f (x) = x dogrusal oldugundan, hata
biiytikliikleri bastirilmaz.

Mavi Egri — Modiiliis Altinda Kuvvetli Toplanabilirlik (f(x) = 1:x))

Burada f(x) = x/(1 + x) sec¢imi farklar1 nonlineer bi¢imde yumusatir. Egri ¢ok daha diisiik
seviyeden baglar ve daha hizli sifira yaklagir. Bu, modiiliis fonksiyonunun farklar1 “bastirma”
etkisinden kaynaklanir. Ciinkii biiyiik farklarda artig, fonksiyonun tanimi geregi sinirlanir.

Sonug: Ayni dizi i¢in modiiliis fonksiyonlu yaklagim, klasik Cesaro’ya gore ¢cok daha giiglii
yakinsama saglar.

Grafikte gozlenen fark sunu gosterir:

W(, f,p) € W(C,p)
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yakinsama orani agisindan:

| W, f,p) I>IW(C,p) |

Yani modiiliis fonksiyonlu uzay daha genistir,
daha fazla dizi bu uzayda yakinsak hale gelir.

Bunun nedeni:

f(x) =1x?:>f(x) < x (her x > 0 icin)

Dolayistyla farklar kiiciiliir — toplamlar daha hizli sifira gider — yakinsama kuvvetlenir.

Cizelge 4. Kuvvetli p-Cesaro ile W(C,f,p) Yakinsama Karsilastirmasi Analizi

Ozellik Kuvvetli p-Cesaro (f(x) = x)|Modiiliis Altinda f(x) = x/(1 + x))
Baslangic degeri Yiiksek (~1.0) Diisiik (~0.3)
Yakinsama hizi Yavas Hizli
Farklarin etkisi Dogrudan Bastirilmig
Toplanabilirlik alani||Dar Genis

Analitik yorum

Klasik yontem

Genellestirilmis, daha giiglii yontem

Modiiliis fonksiyonunun eklenmesiyle klasik Cesaro metodu genellestirilmistir. Bu genelleme,
ozellikle salinimli veya yiiksek fark i¢eren diziler i¢in daha etkili bir yakinsama yontemi sunar.
Matematiksel ~ olarak  bu, paranormlu  uzaylarin daha  genis  smiflarii  tanimlar.
Dolayisiyla W(C, f, p) uzaylari, fonksiyonel analiz ve yakinsaklik teorisinde onemli bir

genisleme saglar.

SONUC VE ONERILER

Sonuc¢

Bu calisma, modiiliis fonksiyonlar1 araciligryla tanimlanan kuvvetli toplanabilirlik kavramini
inceleyerek, klasik Cesaro toplanabilirlik teorisinin dogal bir genellemesini ortaya koymustur.
Elde edilen sonuglar gostermistir ki, modiiliis fonksiyonlar1 kullanilarak tanimlanan W(C,f,p)

uzayl, tam bir paranormlu uzay yapisina sahiptir. Bu bulgu, Maddox (1986) tarafindan
tanimlanan kuvvetli toplanabilirlik kavraminin daha genel bir bi¢imini desteklemekte ve
Ruckle (1970) ile Nakano (1953) tarafindan 6nerilen modiiliis fonksiyonlarinin dizi uzaylari
teorisinde gii¢lii bir ara¢ oldugunu dogrulamaktadir. (Nakano, 1953) (Ruckle, 1970) (Maddox,

1970).
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Ayrica, modiiliis fonksiyonlariin farkli bi¢imlerde secilmesiyle, klasik Cesaro yaklasimina
gore daha genis ve esnek bir yakinsama alani elde edilmektedir. Connor (1989) ve Esi &
Sharma (2015) tarafindan gosterildigi iizere, modiiliis fonksiyonlar1 yalnizca teorik olarak
degil, ayn1 zamanda uygulamali analizde de etkin bir rol oynamaktadir. Bu kapsamda, p
parametresinin farkli degerleri altinda yakinsama hizinin degistigi ve modiiliis fonksiyonunun
farklarin etkisini bastirarak daha hizli bir yakinsama sagladig1 gozlemlenmistir. (Connor, 1989)
(Esi & Sharma, 2015)

Calismada yapilan analitik ve gorsel incelemeler sonucunda, 6zellikle salinimhi veya diizensiz
diziler i¢in modiiliis fonksiyonlarinin klasik yontemlere gore daha kararli sonuglar verdigi
belirlenmistir. Bu sonug, fonksiyonel analiz ve yakinsaklik teorisinde yeni uzaylarin
tanimlanmasi acisindan 6nemli bir temel olusturmaktadir. Dolayistyla modiiliis fonksiyonlari,
Cesaro toplanabilirlik teorisinin genellestirilmesinde giiclii bir metodolojik cergeve
sunmaktadir.

Oneriler

1. Farkl tiirde modiiliis fonksiyonlar1 (6rnegin logaritmik, {istel, dogrusal olmayan)
kullanilarak yeni kuvvetli toplanabilirlik uzaylarinin 6zellikleri aragtirilmalidir.

2. p parametresinin yakinsama hizina etkisi daha ayrintili bicimde incelenmeli ve farkli p
degerleri altinda elde edilen sonuglar karsilastiriimalidir.

3. Modiiliis fonksiyonlarinin Riesz, Holder veya Hausdorff gibi diger matris
doniisiimleriyle etkilesimi analiz edilerek genellestirilmis toplanabilirlik kavramlari
tanimlanabilir.

4. Python veya benzeri sayisal araglar kullanilarak, modiiliis fonksiyonlarinin etkisi altinda
farkl dizilerin yakinsama davraniglar1 simiilasyonlarla desteklenmelidir.

5. Buyaklasimin Fourier analizi, sinyal isleme veya istatistiksel veri analizi gibi
uygulamali alanlarda kullanimi aragtirilabilir.

6. W(C,tp) uzaymin Orlicz ve Musielak—Orlicz uzaylartyla iligkisi incelenerek, bu
uzaylarin genel birlestirilmis yapisi lizerine yeni teoremler gelistirilebilir.

7. Gelecek ¢aligmalarda, modiiliis fonksiyonlarina dayali yeni paranorm tanimlar1 ve
yakinsama Olciitleri gelistirilerek fonksiyonel analizdeki genellemeler artirilabilir.

8. Maddox (1986), Connor (1989) ve Ruckle (1970) gibi klasik kaynaklara ek olarak,
modern yaklagimlar (6rnegin fractional calculus veya bulanik kiimeler teorisi) ile
modiiliis fonksiyonlarinin entegrasyonu saglanabilir.
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9. Modiiliis Fonksiyonlarinin Karsilastirilmasi Icin Python Kodlar
1 import numpy as np

2 import matplotlib.pyplot as plt

3

4 # Modiilis fonksiyonlarinin tanimi

5 def fl1(x): return x / (1 + x) # sinirli modilis

6 def f2(x): return xxx2 # sinirsiz modilis

7 def f3(x): return np.log(1l + x) # artici modilis tipi
8

9 # x deger araligi
10  x = np.linspace(@, 5, 200)

12 # Grafik cizimi

13  plt.figure (figsize= (8,5))

14 plt.plot(x, f1(x), label=r"$f_1(x)=\frac{x}{1+x}s$")
15 plt.plot(x, f2(x), label=r"$f_2(x)=x"2%")

16 plt.plot(x, f3(x), label=r"$f_3(x)=\1n(1+x)$")

17 plt.title("Modiiliis Fonksiyonlarinin Karsilastirilmasi", fontsize=13)
18 plt.xlabel("x")

19  plt.ylabel("f(x)")

20 plt.legend()

21 plt.grid(True)

22  plt.show()

78



gLk,

ACADE,
Wy,
A\
styna®

AVRASYA 14th INTERNATIONAL CONFERENCE ON APPLIED SCIENCES October 17-19, 2025 - TBILISI

CONFERENCE BOOK - ISBN : 978-625-5694-42-3

|

10. Cesaro ortalamalarimin yakinsama davramsi Icin Python Kodlar

1 import numpy as np
import matplotlib.pyplot as plt

2

3

4 # Cesaro ortalamasini hesaplayan fonksiyon

5 def cesaro_ortalama(x):

6 return np.cumsum(x) / np.arange(1l, len(x) + 1)
7
8

# Ornek diziler
9 x1 = np.ones(30) # sabit dizi (1,1,1,...)
10 x2 = np.array([(-1)*%n for n in range(30)]) # degismeli dizi (-1,1,-1,1,...)
11 x3 = np.array([1/n for n in range(1,31)]) # harmonik tip dizi (1,1/2,1/3,...)

13 # Cesaro ortalamalari
14 ¢1, c2, ¢3 = cesaro_ortalama(xl), cesaro_ortalama(x2), cesaro_ortalama(x3)

16 # Grafikle gosterelim

17 plt.figure (figsize= (9,6))

18 plt.plot(cl, 'o-', label='x, = 1')

19 plt.plot(c2, 's-', label='x, = (-1)n")

20 plt.plot(c3, '~~', label='x, = 1/n')

21 plt.axhline(@, color='k', linestyle='—-', linewidth=1)
22  plt.title("Cesaro Ortalamalarinin Yakinsama Davranisi", fontsize=13)
23 plt.xlabel("n")

24  plt.ylabel("Cesaro Ortalamasi s,")

25 plt.legend()

26 plt.grid(True)

27  plt.show()

29 # Son degerleri yazdiralim

30 print("x, = 1 i¢in Cesaro limiti =", c1[-1])

31  print("x, = (-1)" ic¢in Cesaro limiti =", c2[-1])
32 print("x, = 1/n icin Cesaro limiti =", ¢3[-1])
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11. Kuvvetli p-Cesaro Toplanabilirlik icin Python Kodlar

O~V s WN =

import numpy as np
import matplotlib.pyplot as plt

# Kuvvetli p-Cesaro toplanabilirligi test eden fonksiyon
def kuvvetli_p_cesaro(x, L, p=2):

n = np.arange(1, len(x) + 1)

return np.cumsum(np.abs(x = L)*%p) / n

# Ornek diziler

x1 = np.array([1/n for n in range(1,51)]) # 1/n dizisi
x2 = np.array([(=1)#kn for n in range(1,51)]) # (-1)"n dizisi
x3 = np.sin(np.linspace(@, 1@*np.pi, 50)) # sin dalgasi

# Kuvvetli p-Cesaro ortalamalari (p=2 alinsin)
p=2

L1, L2, L3 =9, 0, @ # limit adaylari

cl = kuvvetli_p_cesaro(x1, L1, p)

c2 = kuvvetli_p_cesaro(x2, L2, p)

c3 = kuvvetli_p_cesaro(x3, L3, p)

# Grafikle gésterelim
plt.figure (figsize= (9,6))

plt.plot(cl, 'o-', label=r'$x_n = 1/n$')

plt.plot(c2, 's-', label=r'$x_n = (-1)"n$')
plt.plot(c3, '~~', label=r'$x_n = \sin(n)$")
plt.axhline(@, color='k', linestyle='--', linewidth=1)

plt.title(r"Kuvvetli $p$-Cesaro Ortalamalarinin Yakinsama Davranisi", fontsize=13)

plt.xlabel("n")
plt.ylabel(r"$(1/n)\sum_{k=1}*n |x_k - L|*p$")
plt.legend()

plt.grid(True)

plt.show()

# Yakinsama degerlendirmesi

print(f"1/n dizisi ig¢in son deger = {c1[-1]:.5f}")
print(f"(-1)~n dizisi icin son deder = {c2[-1]:.5f}")
print(f"sin(n) dizisi icin son deger = {c3[-1]:.5f}")

12. W(C,f,p) uzaymn gorsel analizi icin Python Kodlar:

NV A WN R

impo
impo
# Mo
def
def
def
# Ku
def

# Ori
X1 =
X2 =
x3 =

# f(

resu

+
# Go

rt numpy as np

rt matplotlib.pyplot as plt

diilis fonksiyonlari

f1(x): return x / (1 + x) # sinirli modiilis
f2(x): return xik2 # sinirsiz modilis
f3(x): return np.log(l + x) # artici modilis tipi
vvetli modiliis-Cesaro fonksiyonu

kuvvetli_modulus_cesaro(x, f, L=0, p=2):
n = np.arange(1, len(x) + 1)
return np.cumsum((f(np.abs(x - L)))%kp) / n

nek diziler
np.array([1/n for n in range(1,51)]) # 1/n
np.array([(-1)%xn for n in range(1,51)]) # (-1)"n
np.sin(np.linspace(®, 10%np.pi, 50)) # sin(n)

x) = x/(1+x) modilisii ile test

2

0

lts = {

"1/n": kuvvetli_modulus_cesaro(x1, f1, L, p),
"(-1)"n": kuvvetli_modulus_cesaro(x2, f1, L, p),
"sin(n)": kuvvetli_modulus_cesaro(x3, f1, L, p)

rsellestirme

plt.figure (figsize= (9,6))

for

plt.
plt.
plt.
plt.
plt.
plt.
plt.
# So
for

label, vals in results.items():
plt.plot(vals, label=label)
axhline(®, color='k', linestyle='——', linewidth=1)

title(r"$w(C,f,p)$ altinda Kuvvetli Toplanabilirlik ($f(x)=x/(1+x)$, $p=2$)", fontsize=13)

xlabel("n")

ylabel(r"$(1/n)\sum [f(|x_k - L|)1*ps$")

legend()

grid(True)

show()

n degerleri yazdiralim

label, vals in results.items():

print(f"{label:7} ig¢in limit degeri = {vals[-1]:.6f}")
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METEOROLOJIK VERILERIN YAPAY ZEKA DESTEKLI OPTIMIZASYONU VE
REGRESYON MODELLEME UYGULAMASI!

Dr. Ogr. Uyesi, Dinger Atasoy
Igdir Universitesi/Miihendislik Fakiiltesi
dinceratasoy65@gmail.com- ORCID: 0000-0003-0389-1059

OZET

Bu calisma, meteorolojik verilerin yazilim tabanli analizine dayali olarak kisa vadeli
tahminleme modelinin gelistirilmesini amaglamaktadir. Aragtirmada, [gdir iline ait 2001-2021
yillar1 arasindaki meteorolojik veriler kullanilmistir. Veri isleme, model egitimi ve dogrulama
asamalar1 Python ve MATLAB ortamlarinda gergeklestirilmistir. Uygulama siirecinde ham
veriler temizlenmis, ay, mevsim ve gecikme (lag) degiskenleri eklenmis, veriler 0—1 araliginda
Olceklendirilmistir. Veri setinin %901 egitim, %10’u test i¢in ayrilmistir (IPCC, 2023; MGM,
2023).

Regresyon modelleri kapsaminda dogrusal, Ridge ve Lasso yontemleri uygulanmistir. Coklu
dogrusallik analizleri sonucunda en iyi sonug¢ dogrusal modelle elde edilmistir. Ozellik se¢imi
ve ¢ikarimi asamalarinda, dzellikle gecikmeli degiskenlerin dahil edilmesi R? degerini 0,16’dan
0,75’e yiikseltmistir. Model performansi, Ortalama Mutlak Hata (MAE), Ortalama Kare Hata
(MSE) ve ¢apraz dogrulama metrikleriyle test edilmistir. Elde edilen model, bir, iki ve {i¢ ay
sonrasina ait yagis tahminlerini gergeklestirebilmekte ve bir aylik tahminlerde R* = 0,41
degerine ulagmaktadir.

Yazilim tabanli bu model, tarimsal planlama, su yonetimi ve iklim analizi gibi alanlarda karar
destek araci olarak kullanilabilir. Calisma, optimizasyon ve regresyon yontemlerinin yazilim
altyapisiyla biitiinlestirilmesi sayesinde meteorolojik tahminlemede giiclii bir yapay zeka
temelli yaklasim sunmaktadir (Hastie et al., 2015).

Anahtar Kelimeler: Optimizasyon Algoritmasi, Regresyon Analizi, Yapay Zeka,
Meteorolojik Tahminleme.

1 Bu ¢alisma Doktora tezinden iiretilmistir. Optimizasyon ve Regresyon Modelleri ile Meteorolojik Tahminleme
Denemesi, I§dir Universitesi, Lisansiistii Egitim Enstitiisii, 2023, Yaymlanmis Doktora Tezi.
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ARTIFICIAL INTELLIGENCE-SUPPORTED OPTIMIZATION AND REGRESSION
MODELING OF METEOROLOGICAL DATA

Asst. Prof. Dr. Dinger Atasoy
Igdir University / Faculty of Engineering

dinceratasoy65@gmail.com — ORCID: 0000-0003-0389-1059

ABSTRACT

This study aims to develop a software-based short-term forecasting model for meteorological
data analysis. The dataset includes meteorological observations from Igdir Province for the
period 2001-2021. Data preprocessing, model training, and validation were performed using
Python and MATLAB environments. Raw data were cleaned, month, season, and lag variables
were added, and all features were normalized between 0 and 1. Ninety percent of the data were
used for training and ten percent for testing

Linear, Ridge, and Lasso regression models were applied, and the best results were obtained
with the linear model after multicollinearity tests. Including lag variables in the model increased
the R? value from 0.16 to 0.75. Model performance was evaluated using Mean Absolute Error
(MAE), Mean Squared Error (MSE), and cross-validation techniques. The proposed model
successfully predicted rainfall for one, two, and three months ahead, achieving an R? value of
0.41 for one-month forecasts.

The developed software-based model can be used as a decision-support tool in agricultural
planning, water management, and climate analysis. By integrating optimization and regression
techniques within a computational framework, this study offers a robust Al-oriented approach
to meteorological forecasting.

Keywords: Optimization Algorithm, Regression Analysis, Artificial Intelligence,
Meteorological Forecasting.

1. GIRIS

Optimizasyon problemi, belirli bir hedefi olan bir fonksiyonun en iyi biiyiik veya en
kiiclik degerini bulmayr amaglamaktadir. Bu ¢ercevede, optimizasyon problemleri,
matematiksel modelleri analiz ederek, arama algoritmalar kullanarak veya diger optimizasyon
yontemlerini uygulayarak ¢oziilebilmektedir. Regresyonda ise bagimli ve bagimsiz degisken
arasindaki iliskinin matematiksel olarak ifade edilmesi amaglanmaktadir. Esitsizlik
kisitlamalarina izin veren Karush-Khun-Tucker (KKT) kosullarinin dogrusal olmayan
programlama yaklasimi, yalnizca esitsizlik kisitlamalarina izin veren Langrange carpanlarini
genellestirir. Langrange yaklasimina benzer sekilde, kisithh maksimizasyon (minimizasyon)
problemi, optimal noktasi bir eyer noktas1 olan bir Langrange fonksiyonu olarak yeniden
yazilacaktir. Optimizasyonda finans problemleri i¢in kar1 maksimum yapma ya da iiretim
sektorii i¢in maliyeti minimum yapma durumu regresyondaki en kii¢ilik kareler yontemi, KKT,
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Optimal Scaling (CATREG) ve uyum testleri ile saglanmaya ¢alisilacaktir. Optimal Scaling,
bir degiskenin analizdeki roliinii iyilestirmek ve veriye daha iyi uyan bir 6l¢ek elde etmek
amaciyla kullanilir. Bu teknik, veri doniistimleri veya 6l¢eklendirmeler yaparak veriyi daha
uygun hale getirmeyi amaglar. Bu ¢aligmada konveks fonksiyonlarin maksimum ve minimum
noktalarint bulmak igin ¢esitli yontemler kullanilacak ve konveks olan bir kiimenin quasi-
konveks oldugunu gostermeye c¢alisarak daha hassas bir Olgli saglanacaktir. Konveks
programlama, bir¢ok optimizasyon probleminin ¢oziimiinde kullanilan bir yaklasimdir.
Konveks fonksiyonlar, tanimlandig1 kiime tizerinde belirli bir ¢esit diizlemsel 6zellige sahiptir
ve bu 6zellik, ¢6ziim siirecindeki analiz ve algoritmalarin etkinligini artirmaktadir (Boyd, 2009;
Ben-Tal & Nemirovski, 2013).

2. OPTIMIZASYON

Matematikte matematiksel programlama, optimizasyon (eniyileme) terimi; bir gergel
fonksiyonu minimize ya da maksimize etmek amaciyla reel sayilarda tanimli bir aralikta secilen
degerlerin fonksiyona yerlestirilmesi ile sistematik bir ¢éziim aranmasidir. Optimizasyonu
matematiksel olarak inceledigimizde, ortak bir optimizasyon probleminin bir veya birden fazla
islevi yerine getirdigi sdylenebilir. Optimizasyon siirecinde problem optimize edilirken bazi
kisitlarla karsilasilmast beklenmektedir. Klasik anlamda optimizasyon giiniimiizde ¢ok fazla
alanda kullanilmaya ve uygulama bulmaya baslayarak arastirmacilarin ilgisini ¢ekmistir.
Makine 6grenimi ya da yapay zeka, gelismis optimizasyon problemlerini ¢ézmeye yonelik
akilli yaklasimlari, yontemleri ve teknikleri ile glinlimiizde optimizasyonda onemli bir yer
tutmaktadir (Pehlivanoglu, 2017).

Problemin
Tanimlanmasi

Modelin

Kullanilmasi

Verinin
Anlagilmast

Verinin

Hazirlanmasi

Modelin
Degerlendirilmesi

Modelleme

Gorsel 6. Optimizasyonda Veri Degerlendirme Siireci

r\. .ll

Gorsel 1’de de goriilecegi lizere verinin degerlendirilmesi i¢in problemin tanimlanmasi, verinin
anlasilmasi, hazirlanmasi, veri i¢in modellemenin yapilip degerlendirilmesi ve sonrasinda da
kullanilmas1 s6z konusudur. Bu asamalara dikkat etmek, calismanin kalitesini artirir ve
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sonuglarin1 daha giivenilir hale getirir. Calisma igeriginde ele alinacak problemi agikca
tanimlamak biiylik 6nem tagir. Bu asamada, hangi sorunlarin ¢oziilmesi gerektigi ve bu
sorunlarin neden Onemli oldugu agik bir sekilde ifade edilmelidir. Modelin basarisini
degerlendirmek i¢in uygun metriklerin kullanilmasi 6nemlidir; dogruluk, hassasiyet ve
ozgiilliikk gibi metrikler modelin basarisini 6l¢mek i¢in kullanilabilir. Bu metrikler ayrica ¢capraz
dogrulama ile asir1 uyarlama veya eksik uyarlama gibi sorunlarin 6niine gegilmesine yardimei
olur.

/;aglarr'a noktas
'-\ belirle Xo

Yeni bir tahminde

<_ ¥noptimal > H—p bulun

\[E#
¢ T,
(=)

Gorsel 7. Genel optimizasyon akis diyagrami (Kochenderfer & Wheeler, 2019)

Gorsel 2’deki akis diyagraminda goriilecegi lizere, optimizasyonda bir baglama noktas1 olmali
ve baglama noktasina gore yeni degerlendirmeler bakilmali ve optimal sonu¢ bulunana kadar

degerlendirmeye devam edilmelidir (Kochenderfer & Wheeler, 2019).

3. REGRESYON

Regresyon, istatistiksel bir analiz yontemidir ve bir degiskenin diger degiskenlerle iliskisini
modellemeyi amaglamaktadir (Atasoy, 2001). Bu iliskiyi anlamak i¢in bir bagimli degiskenin
(sonu¢ degiskeni) bagimsiz degiskenlerle (tahmin edici degiskenler) nasil iligkilendigini
gormek gerekiyor (Atasoy, 2023).

Regresyon analizi, bir bagimli degiskenin tahmin edicilerine dayali olarak nasil degistigini
anlamamiza yardimci olur. Ornegin, bir sirketin satislarin1 tahmin etmek isteyebiliriz ve bu
durumda bagimhi degisken "satiglar" olurken, bagimsiz degiskenler arasinda reklam
harcamalari, fiyat, hava durumu gibi faktorler olabilir (Atasoy, 2023).
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Regresyon analizi, bu iliskiyi matematiksel bir denklemle ifade ederek gerceklestir. En yaygin
olarak kullanilan regresyon yontemi, dogrusal regresyondur, ancak bazen dogrusal olmayan
iliskileri modellemek i¢in dogrusal olmayan regresyon yontemleri de kullanilir.

Regresyon analizi, asagidaki amaclar icin kullanilir:

1. Tahmin: Regresyon analizi, bagimli degiskenin degerlerini tahmin etmek ic¢in kullanilir.
Model, bagimsiz degiskenlerin degerleri verildiginde bagimli degiskenin tahminini yapar.

2. Iliskiyi Anlama: Regresyon analizi, bagimli degisken ile bagimsiz degiskenler arasindaki
iliskiyi anlamak i¢in kullanilir. Bagimli degisken iizerinde hangi bagimsiz degiskenlerin etkili
oldugunu belirlemek icin katsayilar ve istatistiksel testler kullanilabilir.

3. Degiskenlerin Etkisini Olgme: Regresyon analizi, bagimsiz degiskenlerin bagimli degisken
iizerindeki etkisini Olgmek icin kullanilir. Katsayilar, bagimsiz degiskenlerin birim
degisikliginin bagiml degiskende ne kadar degisiklik yaptigin1 gosterir.

4. Tahmin Degerlerinin Giliven Araligini Hesaplama: Regresyon analizi, tahmin edilen
degerlerin giiven araligini hesaplamak i¢in kullanilabilir. Bu, tahminlerin ne kadar dogru veya
giivenilir oldugunu anlamaya yardimci olur.

3.1. Ridge ve Lasso Regresyon

Ridge regresyon ve Lasso regresyon, regresyon analizinde kullanilan iki popiiler
diizenlilestirme (regularization) yontemidir. Her ikisi de modelin asir1 uyum (overfitting)
sorununu ¢6zmek ve modelin genelleme yetenegini artirmak i¢in kullanilir. Temel farkliliklari,
farkli diizenlilestirme terimleri kullanmalaridir ((Atasoy, 2023; Hastie et al., 2015).

3.1.1. Ridge Regresyon

Ridge Regresyon (Tikhonov diizenlilestirmesi): Ridge regresyon, dogrusal regresyonun bir
tirevidir ve L2 diizenlilestirme terimini kullanir. Bu yontem, modeldeki katsayilar1 sifira
yaklastirarak asir1 uyumu azaltmaya c¢alisir. Ridge regresyon, her bir katsaymin karesini
diizenlilestirme terimine ekleyerek modeli diizenler. Bu sekilde, bagimsiz degiskenler
arasindaki ¢oklu korelasyonu azaltarak ve modelin genelleme yetenegini artirarak istatistiksel
olarak daha giivenilir tahminler elde edebilir (Hastie et al., 2015).

Ridge regresyonun avantajlari sunlardir:

e (Coklu korelasyonlu degiskenlerin oldugu durumlarda etkili sonuglar verir.

e Katsayilan sifira yaklagtirdigindan, gereksiz degiskenleri elemek yerine onlar1 kiigiiltiir,
boylece daha genelleyici modeller olusturur.

e Modeldeki katsayilarin kararliliini artirir.
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3.1.2. Lasso Regresyon

Lasso Regresyon (Least Absolute Shrinkage and Selection Operator) da dogrusal regresyonun
bir tiirevidir, ancak L1 diizenlilestirme terimini kullanir. Lasso regresyon, modeldeki katsayilari
sifira tamamen yaklastirarak degisken se¢imi yapar. Bu durum modeldeki gereksiz degiskenleri
elemenin bir yoludur. Lasso regresyonu, katsayilar1 diizenlilestirme terimiyle carparak modeli
diizenler.

Lasso regresyonun avantajlart sunlardir:

e Degisken secimini otomatik olarak yapar ve gereksiz degiskenleri tamamen sifirlayabilir.
e Ridge regresyona kiyasla daha diizenli bir modele yol agabilir.

e Modeldeki gereksiz degiskenlerin etkisini azaltir.

Ridge regresyon ve Lasso regresyon arasindaki birkag fark sunlardir:

e Ridge regresyon, katsayilart sifira yaklastirmak i¢in L2 diizenlilestirme terimini
kullanirken, Lasso regresyon L1 diizenlilestirme terimini kullanir.

e Ridge regresyon, tiim katsayilar1 azaltirken Lasso regresyon bazi katsayilar1 tamamen
sifira indirebilir.

e Lasso regresyon, degisken se¢imini otomatik olarak yaparken Ridge regresyon her
degiskeni azaltir.

Her iki yontem de regresyon analizinde diizenlilestirme teknikleri olarak kullanilir ve
modelin genelleme yetenegini artirirken, agirt uyumu azaltmay1 hedeflerler (Hastie et al., 2015).
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Veri toplama ve on
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Model egitimi
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Modelin
dogrulanmasi

Hayir Modelin

iyilegtiriimesi

Sonuglarin
yorumlanmasi

Bitir

Gorsel 8. Regresyon analizi asamalar:

4. MATERYAL ve METOT
4.1. Materyal

Calismada Igdir iline ait 2001-2021tarihleri arasindaki 20 yillik; “Aylik toplam yagis miktari
ortalamas1”, “Ortalama giineslenme siiresi”, “Ortalama yagish giin sayis1”, “En yiiksek sicaklik”, “En
diisiik sicakhik”, “Havadaki nem orani ortalamasi”, “Riizgar hizi ortalamasi” ve “Buharlasma”
verileri alinmistir. Bu veriler Ek 1.2’de gdsterilmistir. Bu veriler i¢in lineer regresyon modeli, ridge

regresyon ve lasso regresyon modeli kurulmustur (Tastan, 2023).

4.2. Metot

Calismada Igdir iline ait 2001-2021tarihleri arasindaki; “Aylik toplam yagis miktari ortalamasi”,
“Ortalama giineslenme stresi”, “Ortalama yagish giin sayis1”, “En ytliksek sicaklik”, “En diisiik
sicaklik”, “Havadaki nem orani ortalamas1”, “Riizgar hiz1 ortalamas1” ve “Buharlasma” verileri
alinmis ve bu verilerden bazilarinin modele etkisinin minimum seviyede oldugu goriilerek ve

uzman goriisi de alinarak modelden ¢ikartilmistir. Sekil 5.3’te son durumda modelde kullanilan
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veriler su sekilde olmustur; bagimh degisken olarak “Aylik toplam yagis”, bagimsiz degiskenler

ise “Aylik ortalama rlizgar hiz1”, “Aylik ortalama nispi nem”, “Aylik ortalama sicaklik” ve “Aylik
toplam acik ylizey buharlasmasi” olarak secilmistir.

Meteoroloji verileri

v v

Bagimli degisken Bagimsiz degiskenler
3 v v v v
- Aylik ortalama nispi Aylik ortalama - Aylik toplam agik
Aylik toplam yadis nem sicaklik Aylik ortalama riizgar yiizey buharlagmasi

Gorsel 9. Modelde Kullanilan Meteorolojik Veriler

4.2.1. Veri Isleme

Veri seti islenerek tek bir elektronik ¢izelge haline getirildi. Bu ¢izelgedeki her bir satir bir data
noktasini temsil etmekte iken, siitunlar da datanin Ozelliklerini temsil ediyor. Datanin
ozelliklerine ek olarak da hangi ayda oldugumuzu temsil eden 12 tane daha siitun eklendi.
Incelemeye konu olan aya denk gelen siitunun degeri 1, geri kalan aylar ise 0 olarak kodlandu.

Ham haldeki verinin R? = 0,16 olarak bulundu.

Ay o6zellikleri eklenince R? = 0,69,

Mevsim 6zellikleri eklenince R? = 0,69,

Gecikme ozellikleri eklenince R? = 0,75,

Hareketli ortalama ve standart sapma o6zellikleri eklenince R? = 0,68 olarak bulundu. Modele

R? = 0,75 ile devam edildi.

4.2.2. Lineer Regresyon Modelini Egitme

Verinin siitunlarini her bir siitun kendi igerisinde 0 ile 1 arasinda olacak sekilde
Olgeklendirildi. Elimizdeki verinin %90'lik kismini lineer regresyon modelini egitmek igin,
kalan %10'luk kismin1 da egitilen modelin basarisin1 6l¢gmek i¢in kullanildi. Lineer regresyon
modeli verilerle egitildi.

4.2.3. Modelin Degerlendirmesi

Egitilen model, R? metrigi kullamlarak degerlendirildi ve R? degeri 0,75 olarak
belirlendi. Bu egitilen model, verilen bir veri noktasinin 6zelliklerini girdi olarak kabul eder ve

88



ONEERg
w CoRen,
S o

AVRASYA 14th INTERNATIONAL CONFERENCE ON APPLIED SCIENCES October 17-19, 2025 - TBILISI
CONFERENCE BOOK - ISBN : 978-625-5694-42-3

aylik toplam yagis1 tahmin etmek i¢in bir fonksiyon olarak kullanir. Verinin 6zellikleri ile aylik
toplam yagis arasindaki korelasyon sicaklik haritasi olarak gorsellestirildi.

Regresyon ve
Optimizasyon
Arasindaki Iliski

On Veri Isleme

Model Fit Etme

Ozellik Cikarimi

Ozellik Segimi

Lineer Regresyon

Ridge Regresyon

Lasso Regresyon

1 I L 1
Random Forest Korelasyon
Regresyonu Matrisi

Ham veri
1
+ Ay Ozellikleri

1
+ Mevsim
Ozellskleri

1
+ Gecikme
Ozellikleri

1
+ Hareketli Ortalama
Ozellikleri

Gorsel 10. Regresyon ve optimizasyon arasindaki iliski

Regresyon modeli 6zellik ¢ikarimi, bir hedef degiskenin (bagimli degisken) diger 6zelliklerle
iliskisini modellemek i¢in kullanilir. Ozellik ¢ikarimy, veri setindeki 6zelliklerin daha iyi bir sekilde
temsil edilmesini saglayan veya yeni 6zelliklerin olusturulmasini iceren bir siirectir. Bu siireg,
regresyon modelinin performansini artirmakta ve daha iyi tahminler elde etmenizi saglamaktadir.
Bu kapsamda Gorsel5’'te verilen semada da goriilecegi lizere, 6énce ham veri Uzerinde
degerlendirme yapilmis ve daha sonra asamali olarak veri setinde bulunan ay 6zellikleri, mevsim
ozellikleri, gecikme ozellikleri, hareketli ortalama ozellikleri eklenmis ve bunlarin R?
degerlerinde nasil bir degisiklik oldugu Cizelge 1’deki gibi gozlenmistir.

Ozellik ¢ikarimi, bir hedef degiskenin (bagimli degisken) diger 6zelliklerle iliskisini modellemek
icin kullanilir. Veri setindeki 6zelliklerin daha iyi bir sekilde temsil edilmesini saglayan veya yeni
ozelliklerin olusturulmasini igeren bir siirectir. Bu siireg, regresyon modelinin performansini
artirarak daha iyi tahminler elde edilmesini saglamaktadir.

Ozellik secimi, regresyon modelinde en énemli ve etkili adimlardan biridir. Iyi bir 6zellik secimi,
gereksiz veya kalabalik 6zelliklerin modele dahil edilmesini engeller, modelin performansini
artirir ve asir1 uyum (overfitting) sorununu onler.

Ozellik secimi yaparken, asir1 uyum (overfitting) riskini azaltmak icin ¢apraz dogrulama (cross-
validation) kullanmak o6nemlidir. Ozellikler arasindaki korelasyon géz oniine alindiginda,
ozelliklerin normallestirilmesi veya standartlastirilmasi gibi diger stratejilerin yani sira, alan
bilgisine dayali 6nemli 6zelliklerin gézlemlenmesi de miimkiindiir. Bu durum

Cizelge 5. Modelin Egitilmesi ve Ogrenmesi Siiresince R*2 Degerleri

R? Sonuglar:
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Ozellik Cikarim
Ham veri 0,16
+ Ay ozellikleri 0,69
+ Mevsim ozellikleri 0,69
+ Gecikme ozellikleri 0,75

+ Hareketli ortalama ve standart sapma 0,68

ozellikleri

Ozellik Se¢imi
Random forest regression 0,62
Korelasyon matrisi 0,52
Hicbirini kullanmama 0,75

Model Fit Etme
Linear regresyon 0,75
Ridge regresyon 0,68
Lasso regresyon 0,37

Gorsel 7°de verilen veri setine ait korelasyon degerleri grafiginde sayisal olarak gosterilmistir.

Random Forest, coklu karar agaclarinin bir ensemble (birlesik) yontemidir ve hem siniflandirma
hem de regresyon problemlerinde kullanilabilmektedir. Random Forest algoritmasi, genis bir
orneklem veri kiimesinden rastgele 6rneklemler alarak ve bu 6rneklem verilerini kullanarak
birden fazla karar agaci olusturarak ¢alismaktadir. Random Forest, yliksek boyutlu veri setleri ve
biiylik 6zellik kiimesiyle iyi ¢calismakta ve ayrica, eksik veriler ve giiriiltiilii verilerle de basa
¢ikabilmektedir. Modelin varyansini azaltarak asir1t uyumu (overfitting) azalttigi icin 6zelliklerin
onem derecesini degerlendirebilmekte ve bdylece 6zellik secimi i¢in bilgi saglamaktadir.

5. BULGULAR VE TARTISMA

Igdir iline ait 2001-2021tarihleri arasindaki 20 yillik; “Aylik toplam yagis miktar1 ortalamas1”,
“Ortalama glineslenme siiresi”, “Ortalama yagish giin say1s1”, “En yiiksek sicaklik”, “En diisiik
sicaklik”, “Havadaki nem orani ortalamas1”, “Riizgar hiz1 ortalamas1” ve “Buharlasma” verileri
lizerinde, verinin incelenecek o6zelligine bagli olarak en iyi sonucu veren ve en iyi grafik
gosterimini saglayan grafikler ¢izildi.

90



ONFER,
w L tEn,
S o

AVRASYA 14th INTERNATIONAL CONFERENCE ON APPLIED SCIENCES October 17-19, 2025 - TBILISI
CONFERENCE BOOK - ISBN : 978-625-5694-42-3

Veri setine gore olusturulan model ve modelin egitilmesi sonucu elde edilen gergek deger ve
tahmini degerlerin birbirine ¢ok yakin sonuglar verdigi Gorsel 6°daki grafikte acgikca
goriilmektedir. Belli zaman dilimlerinde gergek deger ile tahmini degerin %100’e yakin uyusma
$0z konusu olmustur. Bu durum kurulan modelin iyi bir sekilde kuruldugu ve belli degerlerin
cikarilmast ve bazi degerlerin eklenmesi modeli fit hale getirerek optimum seviyede uyum

saglamasina sebep olmustur.

Aylik Toplam Yadis - Gercek vs. Tahmin

— Gergek

80 :
Tahmin

I

I

II

Vs “A\VJ\/\/\/\/\/

Aylik Toplam Yadis
o+ [=1]
[=] o

P
(=]
I

N

T T T T T
0 5 10 15 20 25
Zaman

Gorsel 11. Veri Seti i¢cin Gercek ve Tahmini Degerler iliski Grafigi
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G

aylik-ortalama-nispi-nem - 0.1 1.0
aylik-ortalama-sicaklik - 0.072
aylik-toplam-acik-yuzey-buharlasmasi - 0.043
aylik-ortalama-ruzgar-hizi - 0.22
aylik-toplam-yagis 1
ay 1 0.15 0.8
ay 2 -0.12
ay_3- 0.013
ay 4 - 0.33
ay 5- 0.44
ay_6 - 0.082 - 0.6
ay 7 -0.076
ay 8 -0.18
ay 9 -0.2
ay 10 - 0.078
ay 11 -0.09
ay 12 0.11 - 0.4
mevsim_1 -0.25
mevsim_2 - 0.5
mevsim_3 -0.11
mevsim_4 -0.13
aylik-ortalama-nispi-nem_lagl -0.076 -0.2
aylik-ortalama-nispi-nem_lag3 - 0.19
aylik-ortalama-nispi-nem_lagé - 0.25
aylik-ortalama-nispi-nem_lag
aylik-ortalama-sicaklik_lagl - -0.041
aylik-ortalama-sicaklik_lag3 0.0
aylik-ortalama-sicaklik_lagé -0.13 ’
aylik-ortalama-sicaklik_lag9 - 0.38
aylik-toplam-acik-yuzey-buharlasmasi_lagl -0.12
aylik-toplam-acik-yuzey-buharlasmasi_lag3 -0.32
aylik-toplam-acik-yuzey-buharlasmasi_lag6é -0.15
aylik-toplam-acik-yuzey-buharlasmasi_lag9 - 0.48 -0.2
aylik-ortalama-ruzgar-hizi_lagl - 0.2
aylik-ortalama-ruzgar-hizi_lag3 -0.068
aylik-ortalama-ruzgar-hizi_lag6é 0.27
aylik-ortalama-ruzgar-hizi_lag9 - 0.23
I

aylik-toplam-yagis

Gorsel 12. Veri setine ait korelasyon degerleri

Gorsel 7’ye bakildiginda aylik toplam yagisin korelasyon degerinin ay bazinda 0,44 ile mayis
ayma 0,33 ile nisan ayina denk gelmesi, 0,48 ile aylik toplam agik yiizey buharlasmasina denk
gelmesi, 0,38 ile aylik ortalama sicakliga denk gelmesi, 0,50 ile 2. Mevsime yani ilkbahara
denk gelmesi modelin dogru kuruldugunu ve yeterince egitildigini gostermektedir.

Aylik toplam yagisin ay bazinda 0,44 ile mayis ayina ve 0,33 ile nisan ayima denk gelmesi: Bu
aylik toplam yagis miktarinin mayis ayinda nispeten daha yiiksek oldugunu ve Nisan ayinda ise
biraz daha diisiik oldugunu gésterir. Ikisi arasinda orta diizeyde bir pozitif korelasyon oldugunu
ifade eder. Yani, genellikle may1s ayinda yagis miktarinin artma egiliminde oldugu, ancak nisan
ayinda hafif bir azalma oldugu sdylenebilir.

Aylik toplam agik yiizey buharlasmasiin 0,48 ile aylik ortalama sicakliga denk gelmesi: Bu,
aylik toplam agik ylizey buharlagma miktarinin aylik ortalama sicaklikla orta diizeyde bir pozitif
korelasyon gosterdigini gosterir. Yani, genellikle sicak aylarda buharlasma miktarinin arttig1 ve
soguk aylarda azaldig1 sOylenebilir.

Aylik ortalama sicakligin 0,38 ile 2. mevsim yani ilkbahara denk gelmesi: Bu, aylik ortalama
sicakligin ilkbahar mevsimiyle orta diizeyde bir pozitif korelasyon gosterdigini ifade eder.
Yani, ilkbahar mevsiminin genellikle sicaklik artisina isaret ettigi ve ortalama sicakligin diger
mevsimlere gore daha yliksek oldugu sdylenebilir. Mevsimin (ilkbahar) aylik toplam agik
yiizey buharlagmasi, aylik ortalama sicaklik ve aylik toplam yags ile sirasiyla 0,50, 0,38 ve
0,44 gibi korelasyon degerlerine denk gelmesi; Bu, ilkbahar mevsimi ile bu degiskenler
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arasinda orta diizeyde pozitif korelasyon oldugunu gosterir. Yani, ilkbahar mevsiminde agik
yiizey buharlagsmasi miktarinin, sicaklik artis1 ve yagis miktariyla iliskili oldugu sdylenebilir.

6. SONUC VE ONERILER

Calismada elde edilen modelin ilk asamasinda Lineer Regresyon, Ridge Regresyon ve Lasso
Regresyon yontemler ile regresyon modeli optimize edildi. 3 farkli asamada (6zellik ¢ikarima,
ozellik secimi, model fit etme) elde ettigimiz R? sonuglarini karsilastirarak her asamadaki en
iyi sonucu veren yontem kullanild1 (Hastie et al., 2015).

1. Ozellik ¢ikarimu i¢in ham veriye; ay dzellikleri, mevsim 6zellikleri ve gecikme ozellikleri
eklenmistir. Bu eklenen her 6zellik, modelin basarisin1 yliksek oranda artirmistir ¢ilinkii
istatistiksel modeller, Ozellikle lineer regresyon gibi, mevcut veriden o&zellik c¢ikarma
konusunda sinirhidir. Bu modellerin iyi ¢alisabilmesi i¢in mevcut veriye farkli ozellikler
eklenmeli ve lineer regresyon modelleri, eklenen bu 6zelliklerle egitilmelidir. Ay 6zellikleri,
lineer regresyon modeline farkli aylarin yagis oranlariyla ilgili korelasyon saglayabilecegi i¢in
ozellikle faydalidir. Ornegin, her y1l mart ve nisan aylarinda yagista bir artis gozlenmektedir ve
bu artisin hangi aylarda oldugu modele 6zellikle eklenmelidir. Bu sayede lineer regresyon
modeli, bulundugu ay1 dikkate alarak yagis miktarini daha 1yi tahmin edebilir. Ay 6zelliklerine
benzer sekilde mevsim ozellikleri de lineer regresyon modelinin basarisin1 énemli Slgiide
etkileyebilir. Ciinkil yagisin aylara gore korelasyonu dalgalanmalara daha agikken, mevsimlere
gore korelasyon daha istikrarli olma egilimindedir. Boylece lineer regresyon modeli, yagist
tahmin ederken bulundugu mevsimi dikkate alarak daha basarili tahminler yapabilir. Son
olarak, gecikme Ozelliklerini modele ekleyerek modelin basarist daha da artirabilir. Gecikme
ozellikleri, diger 6zelliklerden farkli olarak mevcut veriyi kullanir. Lineer regresyon modeli,
tahmin yaparken sadece bulundugu ayin verilerine erigebilir ve onceki aylarin verilerine
dogrudan erisemez. Ancak gecikme Ozelliklerini kullanarak bu bilgiyi lineer regresyon
modeline iletebilir. Bir 6zelligi bir aydan yedi aya kadar geciktirerek mevcut veri eklenirse,
lineer regresyon modeli, mevcut ayin yani sira dnceki yedi ayin 6zelliklerine de sahip olur. Tiim
ozellik ¢ikarimlart arasinda en etkili olan gecikme 6zellikleridir ve modelin basarisini 6nemli
Olctide artirabilir.

2. Ozellik secimi icin kullanilan yéntemlerin R? sonucunu azalttig1 gdzlenmistir, bu nedenle
higbiri kullanilmamaya karar verilmistir. Ozellik se¢imi, lineer regresyon modellerinin basarisi
icin onemlidir. Bazen modele verilen veri, modelin tahmin yeteneklerinden daha fazla olabilir.
Bu durumda model, yiiksek korelasyonlu 6zelliklere odaklanmalidir, ¢iinkii diistik korelasyonlu
ozelliklerle calismak, modelin basarisim azaltabilir. Ozellik se¢imi yaparak, modelin basarisini
artirabilecek onemli 6zelliklere odaklanabilir. Ancak yaptigimiz testler sonucunda, 6zellik
seciminin modelin basarisin1 diisiirmedigi goriilmiistiir. Bu, mevcut 6zelliklerin modelin
kapasitesini agmadigin1 ve her birinin modelin tahmin yetenegi i¢in 6nemli oldugunu
gostermektedir. Veri setinin biiyiikliigli sinirlt oldugunda bu sikg¢a karsilagilan bir durumdur.
Bu nedenle, en optimize modelde 6zellik se¢ciminin yapilmamasina karar verilmistir.

3. Modelin en iyi sonucu lineer regresyon ile elde edildigi icin bu model tercih edilmistir. Lineer
regresyon, bagimsiz degiskenler arasinda c¢oklu dogrusallik sorunu olmadiginda ve veri
setindeki iliskiler dogrusal oldugunda oldukga etkilidir. Bu basitlik, modelin yorumlanabilirligi
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acisindan da avantaj saglar. Lasso regresyon ve Ridge regresyon, lineer regresyonun
diizenlenmis versiyonlaridir ve bazi durumlarda daha iyi performans gosterebilirler. Lasso
regresyon, 0zellik secimi yapabilme yetenegi ile bilinir ve yliksek boyutlu veri setlerinde, bazi
ozelliklerin katsayilarini sifira indirerek modeli basitlestirebilir. Ozellikle bircok ozelligin
bulundugu ancak sadece birka¢inin 6nemli oldugu durumlarda Lasso regresyon onerilir; ancak
veri seti tlizerinde yapilan testler, Ozellik se¢iminin modelin basarisin1 artirmadigini
gostermistir. Bu nedenle Lasso regresyon, lineer regresyona gore daha diisiik performans
gostermektedir. Ridge regresyon ise Ozellik katsayilarin1 tam olarak sifira indirmez, ancak
kiigiiltiir. Bu, 6zellikle ¢oklu dogrusallik sorunu olan durumlarda Ridge regresyonun daha
istikrarli sonuglar verdigi goriiliir. Ancak bizim durumumuzda lineer regresyon daha iyi
sonuglar vermektedir, ¢linkii verilerimizde ¢oklu dogrusallik problemi yoktur.

Sonug olarak ilk adimda, verinin siitunlar1 her bir siitun kendi igerisinde 0 ile 1 arasinda olacak
sekilde olgeklendirilmistir. Ikinci adimda, 6lgeklendirilmis verinin %90°hik kismi gesitli
regresyon modelleri egitmek igin, kalan %10’luk kism1 da egitilen modelin basarisin1 6lgmek
icin kullanilmustir. Ugiincii asamasinda da meteorolojik verilerin yagisa etki eden etmenlerini
tespit etmek igin deney-gbézlem sonucuna benzer sekilde model {izerindeki asamalari
gosterilmistir. Veri isleme adimlar1 sonucunda elde edilen veri, ii¢ farkli asamadan (6zellik
¢ikarimi, dzellik secimi, model fit etme) gegirilip elde edilen R? sonuglar karsilastirilarak her
asamada en 1yi sonucu veren yontem kullanilmak {izere en optimize modelin gelistirilmesinde
kullanilmistir

Metodun ikinci asamasinda da denenen bu farkli yontemler sonucunda elde edilen en optimize
degiskenler kullanilarak tahminleme yapildi. Giincel olarak gézlemlenen aydan bir ay sonrasi,
iki ay sonras1 ve ii¢ ay sonrasi tahmin edildi. Ornek olarak, Mart 2021 &zellikleri kullanilarak
sirastyla Nisan 2021, Mayis 2021 ve Haziran 2021 deki yagis miktar1 tahmin edildi. Tahminler
gerekli metriklerden ge¢irildigi zaman ¢izelge de goriilen sonuclar elde edildi.

Veri degerlendirme siirecinde; problemin tanimlanmasi, verinin anlasilmasi, verinin
hazirlanmasi, modelleme, modelin degerlendirilmesi ve modellin kullanilmasi asamalarina
dikkat etmek gerekiyor. Siirecin basariyla tamamlanmasi, ¢alismanin kalitesini artirir ve
sonuglarin1 daha giivenilir hale getirir. Calisma igeriginde ele alinacak problemi agikca
tanimlamak biiyilk 6nem tasir. Bu asamada, hangi sorunlarin ¢oziilmesi gerektigi ve bu
sorunlarin neden 6nemli oldugu agik bir sekilde ifade edilmelidir. Veri setinin igerigini,
yapisini ve Ozelliklerini incelemek, veriyi anlamak icin gereklidir. Veri toplama siireci, eksik
veriler, aykir1 degerler ve veri kalitesi degerlendirilmelidir. Veriyi analiz etmek ve modele giris
verilerini hazirlamak icin, veri temizleme ve doniisiim islemleri gerceklestirilmelidir. Verinin
dogruluk ve giivenilirlik agisindan uygun olmasi sonuglarin giivenilirligi i¢in biiylik dneme
sahiptir. Veriyi hazirladiktan sonra, problemi ¢6zmek i¢in uygun bir model se¢imi yapilmalidir.
Model se¢imi, veri analizi ve deneme-yanilma siireglerini icermektedir. Modelin karmasikligi
ve kullanilacak parametreler ayarlanirken uygun bir algoritma se¢imi yapilmalidir. Modelin
basarisin1 degerlendirmek i¢in uygun metriklerin kullanilmasi 6nemlidir. Modelin basarisini
olgmek i¢in dogruluk, hassasiyet ve 6zgiilliik kullanilabilir; bu ayn1 zamanda ¢apraz dogrulama
ile asir1 uyarlama veya eksik uyarlama gibi sorunlarin 6niine gegilmesini saglar. Gelistirilen
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modelin pratik uygulamalarda nasil kullanilacagi ve sonuglarin ne anlama geldigi a¢ik bir
sekilde yorumlanmalidir.

Meteorolojik veri seti iizerinde gergeklestirilen ¢alismada, {ic ay sonrasini tahmin eden bir
model olusturmak, pratik uygulama agisindan oldukg¢a basarili bir girisimdir. Optimizasyon ve
regresyon modellerini bir araya getirerek bu modelin gelistirilmis olmasi, bilimsel ¢aligmalara
onemli bir katki sunmustur (Ram et al., 2012; Atasoy, 2023).

Ozelliklerin ¢ikarilmasi ve eklenmesi, lineer regresyon modelinin performansini artirmustir,
ozellikle ay, mevsim ve gecikme o&zelliklerinin kullanilmasi 6nemlidir. Ozellik segimi
uygulanmasina ragmen, mevcut veri setindeki 6zelliklerin modelin bagarisini artirmada yeterli
oldugu goriilmiistiir. Model performansi acisindan, lineer regresyon diger yontemlere gére daha
etkili bir segenek olarak bulunmustur ve 6zellikle ¢oklu dogrusallik sorunu olmayan verilerde
tercih edilmistir.

Sonug olarak, bu ¢aligma, veri analizi ve regresyon modellemesi ile elde edilen sonuglarin
giivenilirligini ve modelin performansimni degerlendirmek icin, R? ¢apraz dogrulama(cross-
validation), Ortalama Mutlak Hata (MAE) ve Ortalama Kare Hata (MSE) gibi ¢esitli
istatistiksel yontemleri kullanmistir. Elde edilen sonucglar, modelin verilere iyi uyum
sagladigini, ancak aykir1 degerlerin dikkate alinmasi gerektigini ve modelin belirli iliskileri
dogru bir sekilde yansittigin1 géstermektedir. Bu ¢alisma, gelecekteki benzer analizler i¢in bir
temel olusturabilir ve modelin gelistirilmesi veya iyilestirilmesi i¢in yon gosterebilir.
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OZET

Giliniimiizde elektrikli araclar ¢ok kullanilmaktadir. Bu elektrikli araglardan bazi kullanicilar
sadece akiilii sarjli olanlar1 tercih ederken bazilari da sarjli ve hibrit olan araglari tercih
edebilmektedirler. Elektrikli araglara yonelik kullanic1 tercihlerinin anlasilmasi, pazar
konumlandirma ve iiriin gelistirme acisindan 6nem tasimaktadir. Bu ¢aligmada, arag tiirii tercihi
(bataryal1 elektrikli ara¢ ve sarj edilebilir hibrit elektrikli arag) rastgele orman modeliyle tahmin
edilmistir.

Verilerin elde edilmesi i¢in Kaggle veri bilimi ve makine 06grenimi platformundan
yararlanilmistir. Veriler Kaggle lizerinden erisilen ABD Hiikiimeti acgik veri portalindaki
Washington Eyaleti Ruhsatlandirma Dairesi kayitlarindan tiiretilmistir. Bu bilgilerden 2024—
2026 model yillarina ait ve 36 farkli markay1 kapsayan kayitlardan 3.000 gézlem secilmistir.
Miisterilerin arag¢ tlirii tahminlerini belirlemek i¢in rasgele orman modeli kullanilmigtir.
Modelleme siireci RapidMiner yazilimi kullanilarak yiiriitiilmiis; verilerin %70°1 egitim, %30’u
test i¢in ayrilmistir.

Elde edilen sonuglar, modelin arag tiiriinii %86,07 dogrulukla tahmin ettigini géstermektedir.
Model sonras1 6nem analizi, degisken agirliklarinin baslica olarak ‘“‘ara¢ markasi” (0,902) ve
“model yili” (0,098) iizerinde yogunlastigini ortaya koymustur. Ayrica modelden 120 karar
kural tiiretilmistir.

Bulgular, elektrikli arag tiirii tercihlerinin makine 6grenmesiyle 6ngoriilebilir oldugunu ve
tiretici ile aragtirmacilara pazar1 segmentlere ayirma ve hedefleme konusunda uygulanabilir
icgoriiler sundugunu gostermektedir. Literatiirde bu konuda ¢aligmalarin siirli oldugu dikkate
alindiginda, ¢alisma gelecekteki arastirmalar i¢in genisletilebilir bir temel sunmaktadir.

Anahtar Kelimeler: Makine Ogrenmesi, Rasgele Orman, Elektrikli Arag, Tercih
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PREDICTION OF BATTERY-CHARGED AND CHARGED HYBRID ELECTRIC
VEHICLE PREFERENCES USING RANDOM FOREST MODEL

ABSTRACT

Electric vehicles are widely used today. Some users prefer battery-powered models, while
others prefer plug-in hybrids. Understanding user preferences for electric vehicles is important
for market positioning and product development. In this study, vehicle type preference (battery
electric vehicle and plug-in hybrid electric vehicle) was estimated with the Random Forest
model.

The data was obtained from the Kaggle data science and machine learning platform. The data
was derived from the Washington State Department of Licensing records on the US
Government open data portal accessible through Kaggle. From this information, 3,000
observations were selected from records covering 36 different brands and belonging to the
2024-2026 model years. A random forest model was used to determine customer vehicle type
predictions. The modeling process was conducted using RapidMiner software, with 70% of the
data allocated for training and 30% for testing.

The obtained results show that the model predicts vehicle type with 86.07% accuracy. Post-
model significance analysis revealed that variable weights were primarily concentrated on
"vehicle make" (0.902) and "model year" (0.098). 120 decision rules were also derived from
the model.

The findings demonstrate that electric vehicle type preferences can be predicted using machine
learning, providing manufacturers and researchers with actionable insights for segmenting and
targeting the market. Given the limited literature on this topic, the study provides a foundation
for future research that can be expanded.

Keywords: Machine Learning, Random Forest, Electric Vehicle, Preference

1. GIRIS

Son yillarda bataryali elektrikli arag (BEV) ve sarj edilebilir hibrit elektrikli arag (PHEV)
teknolojilerindeki ilerleme, model cesitliligi ve maliyet dinamiklerindeki iyilesmelerle birlikte
pazar yayilimini hizlandirmistir [ 1, 2]. Bu ivmenin arkasinda, pil maliyetlerindeki diisiis, kamu
tesvikleri ve 0zellikle sarj altyapisindaki gelismeler yer almaktadir.

Tiiketicilerin BEV-PHEV tercihlerini; toplam sahip olma maliyeti (TCO), menzil, sarj
altyapisina erigim/giivenilirlik, ¢evresel tutumlar ve kullanim aligkanliklar1 belirlemektedir.
Uygun elektrik/akaryakit fiyatlari ve yogun kullanilan giizergahlarda etkin altyap1 kosullarinda
BEV’lerin TCO avantaji1 artarken [2], sarj altyapisinin varlig1 ve kalitesi tliketicilerin 6deme
istekliligini ve tercih olasilifin1 anlamli bi¢imde ylikseltmektedir [3, 4]. Ayrica sehirlesme ve
ev tipi sarja erigim gibi faktorler de tercihleri sekillendirmektedir [1].

Cevresel agidan giincel yasam dongiisii degerlendirmeleri, elektrik tiretim karmasi ve kullanim
profiline bagli olmakla birlikte, BEV’lerin toplam sera gazi ayak izinin genellikle PHEV ve
icten yanmali muadillerine gore daha diisiik oldugunu gostermektedir [5]. PHEV’lerin bu
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avantaji koruyabilmesi ise diizenli sarj ve yiiksek elektrikli siirlis oranina baglhidir; gergek siiriis
kosullarinda PHEV emisyonlarinin laboratuvar degerlerinden belirgin bi¢imde sapabildigine
dair bulgular mevcuttur [6]. Enerji karmasinin zamana bagli degisimini i¢ceren dinamik LCA
caligmalar1 da, sebeke karbondan arindik¢a BEV’lerin goreli istiinliigiiniin gili¢lendigini
vurgulamaktadir [7].

Isletmeler icin bu tercih dinamiklerini dogru modellemek; iiriin konumlandirma, fiyatlandirma
ve satis sonrasi stratejilerini optimize etmek acisindan kritik dnemdedir. Bu baglamda veri
madenciligi ve makine 68renmesi yaklagimlari, dogrusal olmayan etkilesimleri ve yiiksek
boyutlu degisken uzaylarini yakalayarak talep/tercih tahmininde giiglii araglar sunmaktadir.
Son kapsamli derlemeler, elektrikli ara¢ benimsemesini agiklama ve Ongdrmede makine
ogrenmesi yontemlerinin (6zellikle topluluk tabanli algoritmalarin) yayginlastigini ve
politika/isletme kararlar1 i¢in yorumlanabilir i¢gériiler sagladigini gostermektedir [8]. Ozellikle
rasgele orman (RF); degisken 6nemini giivenilir bigimde raporlayabilmesi ve asir1 uyum riskine
kars1 gorece dayanikliligi nedeniyle EV baglaminda yiiksek dogrulukla rapor edilmistir [9, 10].

Yapilan bu ¢alismada tiiketicilerin arag tiirii tercihi (bataryali elektrikli ara¢ ve sarj edilebilir
hibrit elektrikli ara¢) veri madenciligi yontemlerinden olan rastgele orman modeliyle tahmin
edilmistir.

2. UYGULAMALAR
2.1. Verilerin Elde Edilmesi

Bu ¢alismada arag tiirii tercihi (bataryali elektrikli ara¢ ve sarj edilebilir hibrit elektrikli arag)
rastgele orman modeliyle tahmin edilmeye calisilmistir. Bu amagla veriler Kaggle veri bilimi
ve makine O0grenimi platformundan elde edilmistir. Tiketicilerin ara¢ tiirii tercihlerinin
belirlenmesinde faktor olarak model yili (2024, 2025 ve 2026) ve marka (36 farkli marka)
kullanilmustir.

2.2. Verilerin modellenmesi

Veri modellemede bir¢ok yaklasim vardir. Bu ¢alismada bu yaklagimlardan Rasgele Orman (Random
Forest) yontemi tercih edilmistir. Analizler RapidMiner yazilimi kullamlarak yiiriitiilmiis; yazilimda
farkli gorevleri yerine getiren operatorler araciligiyla islemler yapilmistir. Bu operatorlerin uygun
sekilde baglanmasiyla modeller olusturulmustur.

Rapidminer yaziliminda verilerin analizi i¢in olusturulan proses Gorsel 1’de verilmistir.
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secilmesini saglar.

Sayisal olmayan verileri
sayisal veriye cevirir.

Random Forest

r_Sayrsal oznitelikleri ortak-]
bir 6lcege getirir.

Gorsel 1. Verilerin Analizi icin Olusturulan Proses
Gorselde de goriildiigii lizere akistaki her operator belirli bir islev istlenmektedir. Bu

operatdrlerin bir araya gelmesiyle Rasgele Orman (Random Forest) modeli kullanilarak veri
analizi gergeklestirilmistir. Siiregte toplam 9.000 kayit kullanilmis, verinin %70’1 egitim,

%30’u test amaciyla ayrilmistir.

Rapidminer yaziliminda parametrelerin optimizasyonu i¢in olusturulan prosesler Gorsel 2 ve

Gorsel 3’de verilmistir.

Retrieve araba turu

=5

Bu operator secili sayisal
olmayan 6zniteliklerin
turtind sayisal bir tiire

degistirir. Ayrica bu
ozniteliklerin tim

degerlerini sayisal

‘ degerlere esler.

Nominal to Numeric...

Bu Operator secili
Niteliklerin degerlerini
normallestirir.

Normalize

Performance

Kullandigimiz modelin
performansinin test
edilmesini saglar.

res

=

'Bptimize Parametreleri (Grid) Operatord, i¢
ice gecmis bir Operatordir. Parametrelerin
secili degerlerinin tim kombinasyonlari icin
alt islemi yuratur ve ardindan parametre seti
portu araciliglyla optimum parametre

degerlerini iletir.

Set Role Optimize Parameter...

Gorsel 2. Parametrelerin Optimizasyonu i¢in Olusturulan proses-1
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Apply Model

‘ mod Iab
{ un = mod )

Split Data (2)

Random Forest

Performance (2)

Gorsel 3. Parametrelerin Optimizasyonu i¢in Olusturulan proses-2
2.3. Modelin Performansinin Degerlendirilmesi

Rasgele orman modelinin bagarimi1 pek c¢ok 6l¢iitle degerlendirilebilir. Bu ¢aligmada yaygin
metriklerden determinasyon katsayisi (R?), kok ortalama kare hatasi (KOKH/RMSE) ve
ortalama kare hatas1 (OKH/MSE) kullanilmistir.

2
R2 =| _Z0p- 7))

1
DICRSAAL M

KOKH = \/%Z?:o(Yo -v,)’ (2)

OKH=KOKH? (3)

Burada Yo and Yp sirasiyla dl¢iilen (gdzlenen) ve tahmin edilen degerleri ifade eder; degiskenin
iizerindeki ¢izgi ( 7) ise o degiskenin aritmetik ortalamasini gosterir [11].

3. SONUCLAR VE DEGERLENDIRME

Avrag tiirii tercihinde (bataryali elektrikli arag ve sarj edilebilir hibrit elektrikli arag) olusturulan
rasgele orman modelinde kullanilan parametrelerin optimizasyonu sonuglari Cizelge 1°de
verilmistir.
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Cizelge 1. Parametrelerin Optimizasyonu Sonuclari

Agac sayisi 120
Kriter Gain_ratio
Maksimun derinlik 10

Rasgele orman modelinde fiyat tahmininde etkili olan faktorlerin agirliklar1 Cizelge 2’de
verilmistir.

Cizelge 2. Faktorler ve Agirhiklar:

Faktorler Agirhiklar
Ara¢ markasi (36 marka) 0.902
Model yil1 0.098

Rasgele orman (RO) modelinde test asamasinda performanslarinin degerlendirilmesinde
kullanilan R2, KOKH ve OKH degerleri Cizelge 3 de verilmistir.

Cizelge 3. Rasgele Orman Modelinin Performans Degerleri

Model Test Asamasi
o R2 KOKH OKH Dogruluk (%)
RO 0.825 0.295 0.087 87.22

Test asamasindaki dogruluk tahminleri incelendiginde, modelin %87,22 ile ytiksek bir dogruluk
elde ettigi goriilmektedir. Performans 6l¢iitlerinden biri olan OKH’nin 0’a yaklastik¢a tahmin
basarisinin arttig1 bilinmektedir [11, 12]; bu calismada modelin OKH degeri 0,087 olup 0’a
yakin seyretmektedir. Modellerin gecerliligini degerlendirirken deneysel ve tahmin degerleri
arasindaki korelasyon katsayis1 (R?) de kritik bir gostergedir; R? 0 ile 1 arasinda degisir ve 1’e
yaklastik¢a tahmin dogrulugu artar [13, 14]. Cizelge 2°de, araba tiirliniin tahmininde Rasgele
Orman modeline ait R? degeri 0,825 olarak bulunmustur. Bu ¢alismada Rasgele Orman igin
hesaplanan R?’nin %82’nin iizerinde olmasi, Onerilen modelin araba tiiriine iliskin gergek
verilerdeki degiskenligin en az %82 sini agikladigini gostermektedir. Bu bulgular, araba tiirii
tahmininde Rasgele Orman modelinin kullanilabilirligini de desteklemektedir.

4. GENEL DEGERLENDIRME VE SONUCLAR

Bu caligmada, veri seti Kaggle veri bilimi ve makine 6grenimi platformundan temin edilmis;
model yili, otomobil markasi1 ve ara¢ tilirli degiskenlerinden olusturulmustur. Ardindan bu
veriler kullanilarak arag tiirli, rasgele orman algoritmasiyla tahmin edilmistir. Elde edilen
performans gostergeleri—korelasyon katsayisi, kok ortalama kare hatast (RMSE), ortalama
kare hatasi (MSE) ve dogruluk—modelin basarili oldugunu ortaya koymaktadir.
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Arastirma, elektrikli ve hibrit ara¢ satis1 yapan firmalar ile bu alanda calisma yiiriitecek
arastirmacilar i¢in yararli bulgular sunmaktadir. Konuya iliskin farkli modellerle yapilan
caligmalar sinirlt sayidadir; bu tiir ¢alismalarin artirilmast literatiire anlamli katki saglayabilir.
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OZET

Son yillarda teknolojinin ve dijital platformlarin ivmelenmesiyle tiiketiciler tek kanala bagl
kalmak yerine hibrit bir aligveris davranisi sergiliyor: fiziksel magazalar iirline dokunma,
aninda teslim ve giiven hissi sunarken; ¢evrimi¢i kanallar zaman tasarrufu, hizli fiyat kiyaslama
ve kullanict yorumlarina erisimle karar siirecini kolaylastiriyor. E-ticarette kampanyalar
yalnizca fiyati diisiirmekle kalmiyor, ayn1 zamanda karar animi hizlandirip ortalama sepet
tutarini da artirtyor: kupon kodlari ve sepette indirimler doniisiimii tetiklerken, belirli tutar iizeri
(esik) indirimler ve ¢oklu alim/paket-set firsatlar1 tamamlayici {iriinleri birlikte satin almay1
tesvik ediyor. Ucretsiz kargo “gizli maliyet” algisim kiriyor; hediyeli iiriin ve odiil/puan
mekanizmalar1 sadakati gli¢lendiriyor; ek ve faizsiz taksit secenekleri biit¢e planlamasini
kolaylastirtyor; flag/yildirim indirimleri ise zaman baskis1 ve kitlik hissi yaratarak anlik talebi
satisa ¢eviriyor. Kisacasi, dogru kampanya kurgusuyla fiziksel ve ¢evrimigci kanallar birbirini
tamamlayarak tiiketiciye hem deneyim hem de fiyat avantaji sagliyor.

Bu arastirmada, tiiketicilerin ¢evrimigi aligveriste tercih ettikleri kampanyalar birliktelik kurali
madenciligi ile ortaya konmustur. Bu amagla, birliktelik analizinde yaygin kullanilan
yontemlerden FP-Growth algoritmasi uygulanmis; s6z konusu algoritma, genis veri
kiimelerinde sik birlikte goriilen 6ge kiimelerini saptayarak aralarindaki anlamli iliski
orlintiilerini ortaya c¢ikarmada etkili olmasi nedeniyle tercih edilmistir. Analiz i¢in gerekli
veriler, 11 maddeden olusan bir anket formu aracilifiyla toplanmis ve 18 yas ve lizeri 144
katilimciya uygulanmistir. Uygulama ve modelleme adimlar1 RapidMiner yazilimi iizerinden
yuriitiilmis olup, bu yazilim birliktelik analizi ¢aligmalarinda siklikla kullanilan araglardan
biridir. Birliktelik analizinde en diisiik giiven seviyesi 0.703 en yiiksek giiven seviyesi ise 1
olarak belirlenmistir.

FP-Growth analizi sonucunda %70 {iistii glivenirlilige sahip 126 birliktelik kurali belirlenmistir.
Bu kuralar ¢evrimigi aligveriste hangi kampanya avantajlarinin birlikte ortaya ¢iktigini ve belirli
kampanya 6zelliklerinin hangi tercih kaliplariyla daha gii¢lii bag kurdugunu gostermektedir.
Tiiketicilerin online aligveriste kampanya tercihlerini arastiran ¢alismalar sinir sayidadir. Bu
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alanda ¢aligmalar arttirilarak tiiketicilerin aligveris davraniglar1 hakkinda daha ¢ok bilgi sahibi
olunabilir.

Anahtar Kelimeler : Birliktelik Analizi, FP-Growth Analizi, Online Aligveris, Kampanya

DETERMINING CAMPAIGN PREFERENCES IN ONLINE SHOPPING WITH
ASSOCIATION ANALYSIS

ABSTRACT

In recent years, with the acceleration of technology and digital platforms, consumers have
adopted a hybrid shopping behavior rather than sticking to a single channel: brick-and-mortar
stores provide the ability to physically examine products, immediate delivery, and a sense of
trust, while online channels streamline decision-making by saving time, enabling rapid price
comparisons, and offering access to user reviews. E-commerce promotions do more than lower
prices; they also accelerate decision-making and raise average order value (AOV): coupon
codes and in-cart discounts drive conversions, while threshold (spend-over) discounts and
multi-buy/bundle-set offers encourage purchasing complementary products together. Free
shipping dispels the perception of “hidden costs”; gift-with-purchase and reward/points
mechanisms strengthen loyalty; extra and interest-free installment options simplify budgeting;
and flash/lightning deals convert spur-of-the-moment demand into sales by creating time
pressure and a sense of scarcity. In short, with the right campaign setup, physical and online
channels complement each other, providing both experience and price advantages to the
consumer.

In this research, the campaigns preferred by consumers in online shopping were revealed by
association rule mining. For this purpose, the FP-Growth algorithm, one of the widely used
methods in association analysis, was applied; the algorithm was preferred because it is effective
in detecting frequently occurring clusters of items in large data sets and revealing meaningful
relationship patterns between them. The data required for the analysis were collected through a
questionnaire consisting of 11 items and applied to 144 participants aged 18 and over. The
implementation and modeling steps were carried out using RapidMiner software, a frequently
used tool in association analysis studies. The lowest confidence level in the association analysis
was set at 0.703, and the highest was set at 1.

FP-Growth analysis identified 126 association rules with confidence levels above 70%. These
rules demonstrate which campaign benefits occur together in online shopping and which
preference patterns are most strongly associated with specific campaign features.

Studies investigating consumer preferences for online shopping campaigns are limited. More
studies in this area could provide more insight into consumer shopping behavior.

Keywords: Association Analysis, FP-Growth Analysis, Online Shopping, Campaign
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1. GIRIS

Glinlimiizde tiiketiciler ¢evrim i¢i aligverisi yogun bicimde tercih ediyor; kupon kodu,
sepette/esik indirim, licretsiz kargo, ¢oklu alim/paket indirimi, hediye iiriin, 6diil/puan, BNPL
(faizsiz taksit) ve flag/yildirim kampanyalari1 gibi araclar satin alma niyetini belirgin artiriyor.
Bu artisin temel psikolojik mekanizmalar1 zaman baskis1 ve kitlik algisidir; sinirh siire/say1
vurgulari satin almayi tetikler [1-3]. Bununla birlikte, sahte/yaniltic1 geri sayim sayaglar1 gibi
“karanlik desenler” kisa vadede talebi artirsa da tiiketicide etik disilik algist ve kaginma
tepkileri dogurabilir [4].

Ucretsiz kargo politikalar1 &zellikle etkili bir kaldiractir. Biiyiik 6lgekli deneysel ve analitik
caligmalar, dogru belirlenmis iicretsiz kargo esiginin hem ortalama sepet tutarini (AOV) hem
de karliligr artirabildigini; ancak esik asir1 yiikseldiginde doniisiim oraninin zayifladigini
gosterir [5-6]. Ayrica tiiketicilerin kargo maliyetine duyarlilig1 yiiksektir; ytliksek kargo iicreti
algisi, sepet terkini dramatik bicimde yiikseltir.

Simdi al sonra 6de gibi faizsiz taksit ¢oziimleri, aligveris sepetini bilyiitlir ve toplam harcamay1
artirir; 6rnegin bir saha ¢aligmasi BNPL benimseyen miisterilerin ortalamada %6,42 daha fazla
harcadigini bulmustur [7]. Ote yandan, 2025°ten itibaren bazi pazarlarda simdi sonra dde
kredileri kredi skoruna yansitilmaya baslanacagindan (6r. FICO modeli), pazarlama
kazanimlari geri 6deme/temerriit riski gostergeleriyle birlikte izlenmelidir [8].

Bu kampanyalarin birlikte tercih edilme oriintiilerini anlamak i¢in birliktelik analizi uygundur.
FP-Growth algoritmasi, kampanya 6geleri arasindaki sik goriilen kombinasyonlar1 destek,
giiven ve lift olgiitleriyle hizlica ¢ikarir; pazarlamada “kupon + ticretsiz kargo esigi”, “esik
indirim + set indirimi” gibi kural kiimeleri, ¢apraz satis paketleri, sepet tamamlama ve

promosyon demetlerinin tasariminda dogrudan kullanilir [9].

Yapilan bu caligmada tiiketicilerin online aligveriste kampanya tercihleri birliktelik analizi ile
degerlendirilmistir.

2. UYGULAMALAR

Yapilan ¢alismada tiiketicilerin online aligveriste kampanya tercihlerini belirlemek icin veri
madenciligi yontemlerinden olan birliktelik analizi yontemi kullanilmistir. Calismada
birliktelik analizi yontemlerinden ise FP-Growth analizinden yararlanilmistir. FP-Growth
analizinde kullanilacak verilerin elde edilmesi i¢in 11 sorudan olusan bir soru formu
kullanilmigtir. Bu soru formu 18 yas ve iizeri 144 kisiye uygulanmistir. Calismada kullanilan
soru formu asagida verilmistir.

1- Cinsiyetiniz?
- Kadin
- Erkek

2- Son 6 ayda aligveris yaptiniz m1?

- Evet
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Hayir
3- Yas araligimiz?
- 18-35
- 3555
- 55+
4- Egitim durumunuz?
- [Ikdgretim-ortadgretim
- Lise
- On lisans
- Lisans
- Yiiksek lisans
- Doktora
5- Aylik hane geliriniz?
- <20.000TL
- 20.000-39.999 TL
- 40.000-59.999 TL
- 60.000-79.999 TL
- 80.000 TL ve tizeri
6- Yerlesim yeriniz?
- Biiyiiksehir merkezi
- Il merkezi
- e
- Kirsal
7- Meslek grubunuz?
- Ogrenci
- Kamu
- Ozel sektér
- Ev hanimi
- Emekli
- Diger
8- Siparis siklig1?
- Haftada 1
- Ayda2-3
- Aydal
- 2-3aydal
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9- Odeme yonteminiz?
- Kredi kart1
- Banka kart1
- Kapida 6deme

Dijital clizdan

- Havale-EFT

En ¢ok aligveris yaptiginiz kategori
- Elektronik

- Moda

- Ev-yasam

10

- Giyim
- Kisisel bakim
11- Son 3 ayda hangi kampanya tiiriiyle aligveris yaptiniz?

Kupon kodu

Sepette indirim

Ucretsiz kargo

- Esik indirim (TL ve {izeri)
Coklu al: 1 al 1 bedava/3 al 2 6de
Paket/set indirim

Hediye iirlin
- Odiil
Ek ve faizsiz taksit

Flag/yildirim indirimi (zaman sinirli)

RapidMiner gibi gelismis veri analiti§i ve makine 68renimi platformlari, bu tiir analizlerin
uygulamasini kolaylastirir. Kullanict dostu arayiizii sayesinde karmasik veri isleme adimlari
sadelestirilir ve analizler hizli bi¢imde yiirtitilebilir [10].

Yazilim, her biri belirli bir goérevi iistlenen “operatdrler” ile ¢alisir. Bu operatorler gorsel bir is
akisinda birbirine baglanarak kapsamli veri siire¢lerinin kurulmasini saglar; veri hazirlama,
temizleme, model kurma ve model degerlendirme agamalarinda farkli operatorler kullanilabilir
[11].

FP-Growth i¢in 6zel “FP-Growth” operatorii, veri kiimesindeki sik 6ge kiimelerini tespit eder
ve sonuclarin yorumlanmasini kolaylastirir. Operator; destek (support), giiven (confidence) ve
kaldirma (lift) gibi temel Ol¢iitleri sunarak daha derinlemesine bir analiz yapilmasina imkan
verir [12].

Bu operator-temelli yaklagim, analist ve arastirmacilarin hem algoritmalari hem de veri isleme
adimlarim1 ayrintili sekilde kontrol etmesini miimkiin kilar. Siirecler gereksinimlere gore
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ozellestirilebilir, farkli kaynaklardan gelen veriler tek bir akista biitlinlestirilebilir. Boylece FP-
Growth gibi algoritmalar daha esnek ve hizli bicimde uygulanabilir [13].

Sonug¢ olarak, RapidMiner ile biiyiik veri kiimelerinden anlamli iggoriiler iiretmek ve is
stireclerini iyilestirmek mimkiindiir. FP-Growth’un dogru ve verimli kullanimi; pazarlama
stratejileri, sepet analizi ve Oneri sistemleri gibi alanlarda belirgin avantajlar saglar [14]. FP-
Growth analizinde kullanilan proses Gorsel 1°de gosterilmistir.

depolanmis bilgilere
erismeye ve bunlari islem’e

yiemeyli-eelan; bir islem veritabaninda

sikca ortaya cikan ogeleri
hesaplamak icin kullanilan

Retrieve anket cev... sayisal olmayan nitelikleri algoritmadir.

b thrtin sayisal bir tire
Tie degistirmek icin kullanilir.
FP-Growth

( exa [ exal)
5=
Nominal to Numerical P
: Bu operator, verilen sik

oge setlerinden bir dizi

Text to Nominal Numerical to Binominal iligkilendirme kural

olusturur.
‘ exa P exa exa #¥ exa
ori ori _
i) i Create Association ...

tim metin niteliklereini
yazili niteliklere donusturar.

sayisal niteliklerin turant
iki isimli bir tipe degistirir.

Gorsel 1. FP-Growth algoritmasinda birliktelik analizi icin kurulan proses

Yukaridaki sekilde goriildiigii iizere her operator belli bir gorevi bulunmaktadir. Bu operatorleri
birbirini baglayarak suretiyle birliktelik analizinde kullanacagimiz model kurulmustur.

3.SONUCLAR VE DEGERLENDIRME

Tiiketicilerin online aligveris de kampanya tercih sebeplerini belirlemek icin yapilan FP-
Growth analizi sonucu elde edilen %70 istii giivenirlilige sahip 126 kural belirlenmistir. Bu
birliktelik kurallarindan %80 ve iistii giivenirlilige sahip olanlar asagida verilmistir.

[Son 6 ayda online aligveris yaptiniz m1 = Evet, Aylik hane geliri = 20.000-39.999 TL] -->
[Yas araligi = 18-35] (confidence: 0.703)

[Son 6 ayda online aligveris yaptiniz m1 = Evet, Yas arali§1 = 35-55] --> [Yerlesim yeri = il
merkezi] (confidence: 0.710)

[Odeme yoéntemi = Kredi karti, Yas araligi = 35-55] --> [Yerlesim yeri = I merkezi]
(confidence: 0.722)

[Odeme ydntemi = Kredi karti, Yas araligi = 35-55] --> [Son 6 ayda online aligveris yaptiniz
mi1 = Evet, Yerlesim yeri = Il merkezi] (confidence: 0.722)

[Son 6 ayda online aligveris yaptiniz m1 = Evet, Odeme yontemi = Kredi kart1] --> [Yerlesim
yeri = Il merkezi] (confidence: 0.734)

[Odeme yontemi = Kredi kart1] --> [Yerlesim yeri = Il merkezi] (confidence: 0.736)

[Son 6 ayda online aligveris yaptimiz m1 = Evet, Yerlesim yeri = Il merkezi, Cinsiyet = Erkek]
-->[Odeme yéntemi = Kredi kart1] (confidence: 0.738)
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[Son 6 ayda online alisveris yaptimiz m1 = Evet, Odeme yontemi = Kredi kart1, Yas aralign =
35-55] --> [Yerlesim yeri = Il merkezi] (confidence: 0.743)

[Yerlesim yeri = il merkezi, Cinsiyet = Erkek] --> [Odeme yontemi = Kredi kart1] (confidence:
0.761)

[Siparis Sikligi = 2-3 ayda 1] --> [En c¢ok aligveris yaptigimiz kategori = Ev-Yasam]
(confidence: 0.762)

[Yas aralign = 35-55, Meslek grubu = Kamu] --> [Yerlesim yeri = il merkezi] (confidence:
0.763)

[Yas aralig1 = 35-55, Meslek grubu = Kamu, Son 6 ayda online aligveris yaptiniz m1 = Evet,
Yerlesim yeri = il merkezi, Egitim durumu = Lisans, Odeme yéntemi = Havale-EFT] --> [Son
3 ayda tercih ettiginiz kampanya tiirii = Kupon kodu] (confidence: 0.763)

[Son 6 ayda online aligveris yaptiniz m1 = Evet, Yas aralig1 = 35-55, Meslek grubu = Kamu] --
> [Yerlesim yeri = Il merkezi] (confidence: 0.763)

[Meslek grubu = Ogrenci] --> [Yerlesim yeri = Il merkezi] (confidence: 0.765)

[Meslek grubu = Ogrenci] --> [Son 6 ayda online aligveris yaptiiz m1 = Evet, Yerlesim yeri =
11 merkezi] (confidence: 0.765)

[Son 6 ayda online aligveris yaptiniz m1 = Evet, Meslek grubu = Ogrenci] --> [Yerlesim yeri =
11 merkezi] (confidence: 0.765)

[Meslek grubu = Ogrenci, Egitim durumu = On Lisans, Yerlesim yeri = Il merkezi, Yas aralig1
= 18-35] --> [Son 3 ayda tercih ettiginiz kampanya tiirii = Flash/Yildirim indirim (zaman
siirl1)] (confidence: 0.765)

[Yas aralig1 = 18-35, Meslek grubu = Ogrenci] --> [Yerlesim yeri = il merkezi] (confidence:
0.765)

[Meslek grubu = Ogrenci] --> [Son 6 ayda online aligveris yaptiniz m1 = Evet, Yerlesim yeri =
Il merkezi, Yas aralig1 = 18-35] (confidence: 0.765)

[Son 6 ayda online aligveris yaptiniz m1 = Evet, Meslek grubu = Ogrenci] --> [Yerlesim yeri =
Il merkezi, Yas aralig1 = 18-35] (confidence: 0.765)

[Yas araligi = 18-35, Meslek grubu = Ogrenci] --> [Son 6 ayda online alisveris yaptiniz m1 =
Evet, Yerlesim yeri = il merkezi] (confidence: 0.765)

[Son 6 ayda online aligveris yaptiniz m1 = Evet, Yas aralig1 = 18-35, Meslek grubu = Ogrenci]
-->[Yerlesim yeri = Il merkezi] (confidence: 0.765)

[Cinsiyet = Erkek, Egitim durumu = Lisans, En ¢ok aligveris yaptiginiz kategori = Elektronik
Meslek grubu = Kamu, Yerlesim yeri = il merkezi] --> [Son 3 ayda tercih ettiginiz kampanya
tiirli = Ek ve faizsiz taksit] (confidence: 0.778)

[Meslek grubu = Kamu] --> [Odeme yontemi = Kredi kart1] (confidence: 0.778)

[Meslek grubu = Kamu] --> [Son 6 ayda online aligveris yaptimz m1 = Evet, Yerlesim yeri = I
merkezi] (confidence: 0.778)

[Son 6 ayda online alisveris yaptimiz m1 = Evet, Meslek grubu = Kamu] --> [Yerlesim yeri = I
merkezi] (confidence: 0.778)

[Meslek grubu = Kamu] --> [Son 6 ayda online alisveris yaptiniz m1 = Evet, Odeme ydntemi =
Kredi karti] (confidence: 0.778)

[Son 6 ayda online aligveris yaptiniz m1 = Evet, Meslek grubu = Kamu] --> [Odeme ydntemi =
Kredi karti] (confidence: 0.778)

[Cinsiyet = Erkek, Odeme ydntemi = Kredi kart1] --> [Yerlesim yeri = Il merkezi] (confidence:
0.778)

[Aylik hane geliri = 20.000-39.999 TL] --> [Son 6 ayda online aligveris yaptiniz m1 = Evet]
(confidence: 0.787)

[Egitim durumu = Lisans] --> [Yerlesim yeri = Il merkezi] (confidence: 0.789)

[Egitim durumu = Lisans] --> [Son 6 ayda online aligveris yaptiniz m1 = Evet, Yerlesim yeri =
I merkezi] (confidence: 0.789)
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[Son 6 ayda online aligveris yaptiniz m1 = Evet, Egitim durumu = Lisans] --> [Yerlesim yeri =
Il merkezi] (confidence: 0.789)

[Yas aralign = 35-55, Meslek grubu = Kamu] --> [Odeme yontemi = Kredi kart1] (confidence:
0.789)

[Yas araligi = 35-55, Meslek grubu = Kamu] --> [Son 6 ayda online aligveris yaptiniz m1 =
Evet, Odeme yontemi = Kredi kart1] (confidence: 0.789)

[Son 6 ayda online alisveris yaptiniz mi1 = Evet, Yas aralig1 = 35-55, Meslek grubu = Kamu] --
> [Odeme yontemi = Kredi kart1] (confidence: 0.789)

[Son 6 ayda online alisveris yaptimiz m1 = Evet, Cinsiyet = Erkek, Odeme ydntemi = Kredi
kart1] --> [Yerlesim yeri = Il merkezi] (confidence: 0.795)

[Yerlesim yeri = Il merkezi, Meslek grubu = Kamu] --> [Odeme yontemi = Kredi karti]
(confidence: 0.800)

[Odeme yontemi = Kredi karti, Meslek grubu = Kamu] --> [Yerlesim yeri = Il merkezi]
(confidence: 0.800)

[Yerlesim yeri = Il merkezi, Meslek grubu = Kamu] --> [Son 6 ayda online aligveris yaptiniz
mi1 = Evet, Odeme yontemi = Kredi kart1] (confidence: 0.800)

[Son 6 ayda online aligveris yaptniz m1 = Evet, Yerlesim yeri = Il merkezi, Meslek grubu =
Kamu] --> [Odeme yéntemi = Kredi kart1] (confidence: 0.800)

[Odeme yontemi = Kredi kart1, Meslek grubu = Kamu] --> [Son 6 ayda online aligveris yaptiniz
mi1 = Evet, Yerlesim yeri = Il merkezi] (confidence: 0.800)

[Son 6 ayda online aligveris yaptimz m1 = Evet, Odeme y&ntemi = Kredi kart1, Meslek grubu =
Kamu] --> [Yerlesim yeri = il merkezi] (confidence: 0.800)

[Cinsiyet = Erkek] --> [Son 6 ayda online aligveris yaptiniz m1 = Evet] (confidence: 0.818)
[Cinsiyet = Kadin, Son 6 ayda online aligveris yaptiniz mi1 = Evet, Yas aralig1 = 18-35, Egitim
durumu = Lisans, Siparis siklig1 = Ayda 2-3, En ¢ok aligveris yaptiginiz kategori = Moda] -->
[Son 3 ayda tercih ettiginiz kampanya tiirii = Hediye iiriin] (confidence: 0.829)

[Yerlesim yeri = Il merkezi, Meslek grubu = Kamu] --> [Son 6 ayda online aligveris yaptiniz
mi1 = Evet, Yas aralig1 = 35-55] (confidence: 0.829)

[Son 6 ayda online aligveris yaptmiz m1 = Evet, Yerlesim yeri = Il merkezi, Meslek grubu =
Kamu] --> [Yas aralig1 = 35-55] (confidence: 0.829)

[Odeme yontemi = Kredi kart1, Yas aralign = 35-55] --> [Meslek grubu = Kamu] (confidence:
0.833)

[Odeme ydntemi = Kredi karti, Yas aralig1 = 35-55] --> [Son 6 ayda online aligveris yaptiniz
m1 = Evet, Meslek grubu = Kamu] (confidence: 0.833)

[Cinsiyet = Kadin, Son 6 ayda online aligveris yaptiniz m1 = Hayir, Yas araligi=55+, Meslek
gurubu=Ev hanimi] --> [Son 3 ayda tercih ettiginiz kampanya tiirii = {icretsiz Kargo]
(confidence: 0.836)

[Yerlesim yeri = il merkezi, Cinsiyet = Erkek, Yas araligi= 35-55, Egitim durumu=Doktora,
Son 6 ayda online aligveris yaptimz m1 = Evet, Odeme Yo6ntemi=Kredi kart1] --> [Son 3 ayda
tercih ettiginiz kampanya tiirii = Kupon kodu] (confidence: 0.837)

[Yerlesim yeri = Il merkezi, Yas aralig1 = 18-35] --> [Meslek grubu = Ogrenci] (confidence:
0.839)

[Yerlesim yeri = Il merkezi, Yas aralig1 = 18-35, Son 6 ayda online aligveris yaptiniz m1 = Evet,
Egitim durumu= Lisans, Meslek grubu = Ogrenci] --> [Son 3 ayda tercih ettiginiz kampanya
tiirii = sepette indirim] (confidence: 0.839)

[Son 6 ayda online alisveris yaptiniz m1 = Evet, Yerlesim yeri = Il merkezi, Yas aralign = 18-
35] --> [Meslek grubu = Ogrenci] (confidence: 0.839)

[Meslek grubu = Kamu] --> [Yas aralig1 = 35-55] (confidence: 0.844)

[Meslek grubu = Kamu] --> [Son 6 ayda online alisveris yaptiniz m1 = Evet, Yas aralig1 = 35-
55] (confidence: 0.844)
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[Son 6 ayda online aligveris yaptiniz m1 = Evet, Meslek grubu = Kamu] --> [Yas arali§1 = 35-
55] (confidence: 0.844)

[Odeme ydntemi = Kredi karti, Meslek grubu = Kamu] --> [Yas aralig1 = 35-55] (confidence:
0.857)

[Son 6 ayda online alisveris yaptimiz m1 = Evet, Odeme yontemi = Kredi kart1, Yas aralig1 =
35-55] --> [Meslek grubu = Kamu] (confidence: 0.857)

[Odeme yontemi = Kredi kart1, Meslek grubu = Kamu] --> [Son 6 ayda online alisveris yaptiniz
mi1 = Evet, Yas aralig1 = 35-55] (confidence: 0.857)

[Son 6 ayda online alisveris yaptiniz m1 = Evet, Odeme yontemi = Kredi kart1, Meslek grubu =
Kamu] --> [Yas aralig1 = 35-55] (confidence: 0.857)

[Siparis Siklig1 = 2-3 ayda 1, Yas araligi= 55+, En ¢ok aligveris yaptiginiz kategori = Ev-
Yasam] --> [Son 3 ayda tercih ettiginiz kampanya tiirii = EK ve faizsiz taksit] (confidence:
0.865)

[Cinsiyet = Erkek, Odeme y&ntemi = Kredi kart1] --> [Son 6 ayda online alisveris yaptiniz m1
= Evet] (confidence: 0.867)

[Egitim durumu = Doktora] --> [Odeme yontemi = Kredi kart1] (confidence: 0.871)

[Egitim durumu = Doktora] -->[Son 6 ayda online alisveris yaptimiz m1 = Evet, Odeme yéntemi
= Kredi kart1] (confidence: 0.871)

[Son 6 ayda online aligveris yaptiniz m1 = Evet, Egitim durumu = Doktora] --> [Odeme y&ntemi
= Kredi kart1] (confidence: 0.871)

[Yerlesim yeri = Il merkezi] --> [Son 6 ayda online aligveris yaptiniz m1 = Evet] (confidence:
0.876)

[Cinsiyet = Erkek, Yas araligi = 35-55] --> [Son 6 ayda online aligveris yaptiniz m1 = Evet]
(confidence: 0.882)

[Yerlesim yeri = Il merkezi, Cinsiyet = Erkek, Odeme yontemi = Kredi kart1] --> [Son 6 ayda
online aligveris yaptiniz m1 = Evet] (confidence: 0.886)

[Yerlesim yeri = Il merkezi, Odeme yontemi = Kredi kart1] --> [Son 6 ayda online aligveris
yaptiniz m1 = Evet] (confidence: 0.887)

[Odeme yontemi = Kredi kart1] --> [Son 6 ayda online aligveris yaptiniz m1 = Evet] (confidence:
0.889)

[Egitim durumu = Doktora] --> [Meslek grubu = Kamu] (confidence: 0.903)

[Egitim durumu = Doktora] --> [Son 6 ayda online aligveris yaptiniz m1 = Evet, Meslek grubu
= Kamu] (confidence: 0.903)

[Son 6 ayda online aligveris yaptiniz m1 = Evet, Egitim durumu = Doktora] --> [Meslek grubu
= Kamu] (confidence: 0.903)

[Yas araligi = 35-55, Meslek Grubu = Emekli, Aylik hane geliri = <20.000 TL] --> [Son 6 ayda
online aligveris yaptiniz m1 = Hayir] (confidence: 0.912)

[Yerlesim yeri = Il merkezi, Cinsiyet = Erkek] --> [Son 6 ayda online aligveris yaptiniz m1 =
Evet] (confidence: 0.913)

[En ¢ok aligveris yaptiginiz kategori = Giyim] --> [Son 6 ayda online aligveris yaptiniz m1 =
Evet] (confidence: 0.933)

[Meslek grubu = Ozel sektor, Egitim durumu= Lise, Son 6 ayda online alisveris yaptiniz m1 =
Evet] --> [Son 3 ayda tercih ettiginiz kampanya tiirii = sepette indirim] (confidence: 0.939)
[Yas araligi = 35-55, Cinsiyet = Kadin] --> [Son 6 ayda online aligveris yaptiniz m1 = Evet]
(confidence: 0.941)

[Cinsiyet= Kadm, Yas araligi= 18-35, Yerlesim yeri = Il merkezi, En ¢ok alisveris yaptiginiz
kategori=Kisisel bakim] --> [Son 3 ayda tercih ettiginiz kampanya tiirii = Paket/Set indirim]
(confidence: 0.957)

[Siparis Sikligi = Ayda 1] --> [Cinsiyet = Erkek] (confidence: 0.964)

113



MCADEy,

»

| CONFERg,
\“\k ¥z,

A\
EITIEN

AVRASYA 14th INTERNATIONAL CONFERENCE ON APPLIED SCIENCES October 17-19, 2025 - TBILISI
CONFERENCE BOOK - ISBN : 978-625-5694-42-3

[Siparis Siklig1 = Ayda 1] -->[Son 6 ayda online aligveris yaptiniz m1 = Evet, Cinsiyet = Erkek]
(confidence: 0.964)

[Son 6 ayda online aligveris yaptiniz m1 = Evet, Siparis Siklig1 = Ayda 1] --> [Cinsiyet = Erkek]
(confidence: 0.964)

[Yerlesim yeri = Biiyliksehir merkezi] --> [Son 6 ayda online aligveris yaptiniz m1 = Evet]
(confidence: 0.966)

[En ¢ok aligveris yaptiginiz kategori = Elektronik] --> [Son 6 ayda online aligveris yaptiniz mi
= Evet] (confidence: 0.967)

[En ¢ok aligveris yaptiginiz kategori = Elektronik] --> [Son 6 ayda online aligveris yaptiniz mi
= Evet, Cinsiyet = Erkek] (confidence: 0.967)

[Cinsiyet = Erkek, En ¢ok alisveris yaptiginiz kategori = Elektronik] --> [Son 6 ayda online
aligveris yaptiniz m1 = Evet] (confidence: 0.967)

[Odeme yontemi = Kredi kart1, Yas aralign = 35-55] --> [Son 6 ayda online alisveris yaptiniz
m1 = Evet] (confidence: 0.972)

[Siparis Siklig1 = Ayda 2-3] --> [Son 6 ayda online aligveris yaptiniz m1 = Evet] (confidence:
1.000)

[Yas araligi = 18-35] --> [Son 6 ayda online aligveris yaptiniz m1 = Evet] (confidence: 1.000)
[Meslek grubu = Kamu] -->[Son 6 ayda online aligveris yaptiniz mi1 = Evet] (confidence: 1.000)
[Egitim durumu = Lisans] --> [Son 6 ayda online aligveris yaptiniz mi1 = Evet] (confidence:
1.000)

[Meslek grubu = Ogrenci] --> [Son 6 ayda online aligveris yaptiniz m1 = Evet] (confidence:
1.000)

[Egitim durumu = Doktora] --> [Son 6 ayda online alisveris yaptiniz m1 = Evet] (confidence:
1.000)

[Cinsiyet = Kadin, Siparis Siklig1 = 2-3 ayda 1, Egitim durumu Ilkdgretim-ortadgretim, meslek
grubu = Ev hanimi] --> [Son 6 ayda online aligveris yaptiniz m1 = Hayir] (confidence: 1.000)
[Aylik hane geliri = 80000 TL ve lizeri] --> [Son 6 ayda online aligveris yaptiniz m1 = Evet]
(confidence: 1.000)

[En ¢ok aligveris yaptiginiz kategori = Elektronik] --> [Cinsiyet = Erkek] (confidence: 1.000)
[Meslek grubu = Ogrenci] --> [Yas aralign = 18-35] (confidence: 1.000)

[Yerlesim yeri = il merkezi, Siparis Siklig1 = Ayda 2-3] --> [Son 6 ayda online aligveris yaptiniz
m1 = Evet] (confidence: 1.000)

[Yerlesim yeri = Il merkezi, Yas aralig1 = 18-35] --> [Son 6 ayda online aligveris yaptimiz m1 =
Evet] (confidence: 1.000)

[Yerlesim yeri = Il merkezi, Meslek grubu = Kamu] --> [Son 6 ayda online aligveris yaptiniz
m1 = Evet] (confidence: 1.000)

[Yerlesim yeri = Il merkezi, Egitim durumu = Lisans] --> [Son 6 ayda online alisveris yaptiniz
m1 = Evet] (confidence: 1.000)

[Yerlesim yeri = Il merkezi, Meslek grubu = Ogrenci] --> [Son 6 ayda online aligveris yaptiniz
m1 = Evet] (confidence: 1.000)

[Cinsiyet = Erkek, Yas aralig1 = 18-35] --> [Son 6 ayda online aligveris yaptiniz m1 = Evet]
(confidence: 1.000)

[Cinsiyet = Erkek, Meslek grubu = Kamu] --> [Son 6 ayda online aligveris yaptiniz mi1 = Evet]
(confidence: 1.000)

[Son 6 ayda online aligveris yaptiniz m1 = Evet, En cok aligveris yaptiginiz kategori =
Elektronik] --> [Cinsiyet = Erkek] (confidence: 1.000)

[Cinsiyet = Erkek, Siparig Sikl1g1= Ayda 1] --> [Son 6 ayda online aligveris yaptiniz m1 = Evet]
(confidence: 1.000)

[Odeme yontemi = Kredi kart1, Siparis Siklig1 = Ayda 2-3] --> [Son 6 ayda online aligveris
yaptiniz m1 = Evet] (confidence: 1.000)
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[Odeme yontemi = Kredi kart1, Meslek grubu = Kamu] --> [Son 6 ayda online alisveris yaptiniz
m1 = Evet] (confidence: 1.000)

[Odeme yontemi = Kredi karti, Egitim durumu = Doktora] --> [Son 6 ayda online alisveris
yaptiniz m1 = Evet] (confidence: 1.000)

[Yas araligi = 35-55, Siparis Siklig1 = Ayda 2-3] --> [Son 6 ayda online aligveris yaptiniz m1 =
Evet] (confidence: 1.000)

[Yas araligi = 35-55, Meslek grubu = Kamu] --> [Son 6 ayda online aligveris yaptiniz m1 =
Evet] (confidence: 1.000)

[Cinsiyet = Kadin, Siparis Siklig1 = Ayda 2-3] --> [Son 6 ayda online aligveris yaptiniz m1 =
Evet] (confidence: 1.000)

[Yas aralig1 = 18-35, Aylik hane geliri = 20.000-39.999 TL] --> [Son 6 ayda online aligveris
yaptiniz m1 = Evet] (confidence: 1.000)

[Meslek grubu = Ogrenci] --> [Son 6 ayda online alisveris yaptiniz m1 = Evet, Yas aralig1 = 18-
35] (confidence: 1.000)

[Son 6 ayda online alisveris yaptiniz m1 = Evet, Meslek grubu = Ogrenci] --> [Yas aralig1 = 18-
35] (confidence: 1.000)

[Yas araligi = 18-35, Meslek grubu = Ogrenci] --> [Son 6 ayda online aligveris yaptmiz m1 =
Evet] (confidence: 1.000)

[Meslek grubu = Kamu, Egitim durumu = Doktora] --> [Son 6 ayda online aligveris yaptiniz mi1
= Evet] (confidence: 1.000)

[Yerlesim yeri = Il merkezi, Meslek grubu = Ogrenci] --> [Yas aralig1 = 18-35] (confidence:
1.000)

[Yerlesim yeri = Il merkezi, Odeme yontemi = Kredi kart1, Yas aralig1 = 35-55] --> [Son 6 ayda
online aligveris yaptiniz m1 = Evet] (confidence: 1.000)

[Yerlesim yeri = il merkezi, Odeme yéntemi = Kredi kart1, Meslek grubu = Kamu] --> [Son 6
ayda online aligveris yaptiniz mi1 = Evet] (confidence: 1.000)

[Yerlesim yeri = Il merkezi, Yas aralig1 = 35-55, Meslek grubu = Kamu] --> [Son 6 ayda online
aligveris yaptiniz mi1 = Evet] (confidence: 1.000)

[Yerlesim yeri = Il merkezi, Meslek grubu = Ogrenci] --> [Son 6 ayda online alisveris yaptiniz
mi1 = Evet, Yas aralig1 = 18-35] (confidence: 1.000)

[Son 6 ayda online aligveris yaptmiz m1 = Evet, Yerlesim yeri = Il merkezi, Meslek grubu =
Ogrenci] --> [Yas aralign = 18-35] (confidence: 1.000)

[Yerlesim yeri = il merkezi, Yas araligi = 18-35, Meslek grubu = Ogrenci] --> [Son 6 ayda
online aligveris yaptiniz mi1 = Evet] (confidence: 1.000)

[Odeme yontemi = Kredi kart, Yas arahigi = 35-55, Meslek grubu = Kamu] --> [Son 6 ayda
online aligveris yaptiniz mi1 = Evet] (confidence: 1.000)

Yukarida verilen birliktelik kurallarindan bazilarini agiklayacak olursak;

% 76.3 giiven seviyesi ile yas aralig1 35-55, meslek grubu kamu, son 6 ayda online aligveris
yapan, yerlesim yeri Il merkezi, egitim durumu Lisans olan kisilerin ve deme yontemi Havale-

EFT olan kisilerin son 3 ayda tercih ettigi kampanya tiiriiniin kupon kodu oldugu belirlenmistir.

% 76.5 giiven ile melek grubu 6grenci, egitim durumu On Lisans, yerlesim yeri il merkezi ve
yas aralig1 18-35 olan kisilerin son 3 ayda tercih ettigi kampanya tiiriintin Flash/y1ldirim indirim
oldugu tespit edilmistir.

% 77.8 gliven seviyesi ile cinsiyeti erkek, egitim durumu Lisans, en ¢ok aligveris yaptigi
kategori elektronik, meslek grubu kamu ve yerlesim yeri il merkezi olanlarmn son 3 ayda terci
ettigi kampanya tiiriiniin ek ve faizsiz taksit oldugu belirlenmistir.
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% 82.9 giiven ile cinsiyeti kadin, son 6 ayda online alisveris yapan, yas aralig1 18-35, egitim
durumu Lisans, siparis siklig1 ayda 2-3 ve en ¢ok aligveris yaptig1 kategori moda olan kisilerin
son 3 ayda tercih ettigi kampanya tiirii hediye {iriin oldugunu sdylemislerdir.

% 83.6 giivenle cinsiyeti kadin, son 6 ayda online aligveris yapmayan, yas aralig1 55 ve istii
olan ve meslek grubu ev hanimi olan kisilerin son 3 ayda tercih ettigi kampanya tiiriiniin
ticretsiz kargo oldugu belirlenmistir.

% 83.7 giiven seviyesi ile yerlesim yeri il merkezi, cinsiyeti erkek, yas aralig1 35-55, egitim
durumu Doktora, son 6 ayda online aligveris yapan ve 6deme yontemi kredi kart1 olanlarin son
3 ayda tercih ettigi kampanya tiirtiniin kupon kodu oldugu tespit edilmistir.

% 83.9 giivenle yerlesim yeri il merkezi, yas aralig1 18-35, son 6 ayda online alisveris yapan,
egitim durumu Lisans ve meslek grubu 6grenci olan kisilerin son 3 ayda tercih ettigi kampanya
tiirtiniin sepette indirim oldugunu sdylemislerdir.

% 86.5 giiven seviyesi ile siparis siklig1 2-3 ayda 1, yas aralig1 55 ve Ustli ve en ¢ok aligveris
yaptig1 kategori ev-yasam olan kisilerin son 3 ayda tercih ettigi kampanya tiiriiniin ek ve faizsiz
taksit oldugu belirlenmistir.

% 87.1 giiven ile son 6 ayda online aligveris yapan ve egitim durumu Doktora olanlarin 6deme
yonteminin kredi kart1 oldugu tespit edilmistir.

% 91.2 giiven seviyesi ile yas aralig1 35-55, meslek grubu emekli ve aylik hane geliri <20.000
TL olan kisilerin son 6 ayda igerisinde online aligveris yapmadiklar1 belirlenmistir.

% 93.9 giiven ile meslek grubu 6zel sektor, egitim durumu Lise ve son 6 ay igerisinde online
aligveris yapan kisilerin son 3 ayda tercih ettigi kampanya tiirii sepette indirim oldugunu
soylemislerdir.

% 95.7 giiven ile cinsiyeti kadin, yas arali1 18-35, yerlesim yeri il merkezi ve en ¢ok aligveris
yaptig1 kategori kisisel bakim olan kisilerin son 3 ayda tercih ettikleri kampanya tiiriiniin
paket/set indirim oldugu tespit edilmistir.

% 100 giiven seviyesi ile cinsiyeti kadin, siparis siklig1 2-3 ayda 1, egitim durumu Ilkdgretim-
Ortadgretim ve meslek grubu ev hanimi olan kisilerin son 6 ayda alisveris yapmadiklar
belirlenmistir.

% 100 giivenle aylik hane geliri 80000 TL ve iizeri olan kisilerin son 6 ay igerisinde online
aligveris yaptiklari tespit edilmistir.

% 100 giiven seviyesi ile en ¢ok aligveris yaptigi kategori elektronik olan kisilerin
cinsiyetlerinin erkek oldugu belirlenmistir.

4. GENEL DEGERLENDIRME VE SONUCLAR
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Bu c¢alismada, tiiketicilerin online aligveriste tercih ettikleri kampanya tiirlerinin
belirlenebilmesi amaciyla, birliktelik analizlerinden biri olan FP-Growth algoritmasi
kullanilmistir. Analiz sonucunda, %70’in lizerinde giivenilirlige sahip 126 adet birliktelik kurali
elde edilmistir. Elde edilen bu kurallar sayesinde, ¢evrim ig¢i satis yapan isletmeler hem
karliliklarimi artirabilir hem de sunduklari {iriinlerin kalitesini gelistirebilir. Ayrica, tiiketicilere
dair daha kapsamli bilgilere ulasma imkani da saglanabilir. Pazarlama alaninda yapilan
birliktelik analizi caligmalarinin sayis1 olduk¢a sinirlidir. Bu alandaki aragtirmalarin artirilmast,
firmalar acisindan degerli bilgiler sunabilir. Ayni1 zamanda, gelecekte birliktelik analizi iizerine
caligma yapacak arastirmacilar i¢in de 6nemli bir kaynak olusturabilir.
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ABSTRACT

This study was conducted to determine the phenological and pomological characteristics of
Amasya apple (Malus domestica) genotypes grown under the ecological conditions of the
Camard: district of Nigde province. This study was conducted between 2022 and 2023 on 10
genotypes of the Amasya variety, which has been cultivated in the region for a long time.
Morphological, phenological, pomological, and biochemical characteristics of the genotypes
were evaluated in the study. The climate data for Nigde province indicate a continental climate
characterized by hot, dry summers and cold winters. Phenological observations indicated that
bud break occurred between March 19 and 25, and full bloom occurred between April 1 and 16.
The first harvest was conducted between October 9 and 12, and the last harvest was conducted
between October 18 and 30. Significant differences were identified among the genotypes in
terms of fruit weight, length, firmness, and biochemical composition. Fruit weight ranged from
86.18 g (Amasya-05) to 143.40 g (Amasya-01). The highest soluble solids content (13.65%)
was found in the Amasya-03 genotype, while the lowest (10.20%) was found in the Amasya-05
genotype. Fruit pH values ranged from 3.98 to 4.37, and acidity ranged from 0.13 to 0.27%.
Amasya-01 and Amasya-02 genotypes stood out in terms of fruit length, Amasya-04 in terms
of fruit firmness, and Amasya-03 with its high TSS value. The results indicate significant
differences among Amasya apple genotypes and suggest that future studies will contribute to
the evaluation of these varieties.

Keywords: Apple genotypes, phenology, pomology, selection
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INTRODUCTION

Anatolia is considered the origin of numerous horticultural plants (Kaya and Balta, 2013; Dogan
et al., 2014; Gundogdu et al., 2014; Eyduran et al., 2015). Turkey contains a multitude of wild
and indigenous apple genetic resources. The abundance of species presents various use chances
for fruit cultivators (Kaya and Balta, 2013). Apple (Malus domestica) is among the most
extensively cultivated and varied fruit species globally. Its resilience to both hot and cold
climates enable a broad ecological distribution (Ferree et al., 2003; OECD 2022).

Moreover, the extensive utilization of apples in their fresh, dried, and processed forms renders
them a strategically significant agricultural commodity at both local and global levels. Critical
elements facilitating the global production and consumption of apples encompass their
substantial nutritional value, sensory and medicinal attributes, ecological versatility, economic
profitability, and technical benefits (Ferree et al., 2003; OECD 2022). Deciduous fruit species
exhibit substantial production area and volume, with a considerable fraction consumed fresh;
over 9 million tons are traded globally, and over 3 million liters of apple juice are exported
(Pereira et al., 2009).

Apple cultivation depends not only on production volume but also on the selection of high-
quality, market-appropriate varieties. Varieties in demand in the global market include Fuji,
Gala, Granny Smith, Scarlet Spur, Starkspur Golden Delicious, Starkrimson Delicious, Golden
Reinders, Pink Lady, and Modi. Export potential can be increased through contract production
(Barrit 1992; Kiiden et al., 1995). However, the abundance of varieties cultivated in Turkey and
the lack of standardization limit the availability of products suitable for export. Therefore,
identifying apple varieties with high commercial value, productivity, and quality standards
plays a critical role in the continuity and development of production. While Turkey offers a
remarkable diversity as a hub for apple genealogy, Nigde province is one of the important
centers of apple cultivation in Turkey, particularly known for its 'Amasya' apple. Selection and
breeding efforts in this region have resulted in the development of varieties with distinct
characteristics, contributing to the conservation of genetic resources.

Phenological and pomological characteristics are essential factors for assessing apple cultivars.
Phenological traits (blooming and fruit ripening duration) are significant for production and
climate adaptability in fruit cultivation, while pomological qualities (fruit form, weight, color,
and flavor) define quality and marketability. Consequently, analyzing the phenological and
pomological traits of chosen 'Amasya' apple varieties will aid in the conservation of local
genotypes and the identification of premium varieties appropriate for the market.
Consequently, selection studies are essential for maximizing the potential of significant local
apple types. These selection studies are crucial because of the significant economic worth of
apples in developing nations. Selection studies, coupled with the ensuing registration and
standardization of varieties, will ascertain the commercial value of these genotypes.

This study aims to determine the phenological and pomological traits of various 'Amasya’ apple
cultivars identified in the Nigde region. The findings are anticipated to enhance the scientific
literature and promote the sustainability of apple agriculture while augmenting its commercial
viability.
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MATERIAL AND METHOD

The plant material used in this study comprised varieties of Amasya, farmed in the Camard1
region of Nigde province for several years between 2022 and 2023. Analysis of the average
meteorological data for Nigde province from 1939 to 2021, based on records from the General
Directorate of State Meteorology, revealed that the highest temperatures, surpassing 30°C,
occurred in July and August, while the lowest temperatures fell below -1 °C in January and
February (Table 1).

During the years specified in Table 1, the maximum temperature recorded in Nigde was 39.7
°C, while the minimum was -25.6°C. In January, February, March, April, and December, over
10 days of precipitation were documented, while in July and August, fewer than 2 days were
noted. In terms of long-term precipitation, the peak occurred in May at 48.2 kg/m?, and the
minimum was recorded in July at 5.5 kg/m?. The mean precipitation was calculated to be 342.8
kg/m? (Anonymous 2025).

Table 1. Average meteorological values of Nigde province between 1935-2021

Average Average Average Average Monthly Highest Lowest
Temperature Highest Lowest Number Total Temperature Temperature
°O) Temperature Temperature of Rainfall O O
O O Rainy  Average
Days (mm)

January -0.2 4,9 -4,5 10,82 35,6 19,9 -25,6
February 1.2 6,5 -3,4 10,22 32,8 20,5 -24,2
March 5.1 11 -0,2 11,39 36,3 26,4 -23.9
April 10,7 16,8 4,5 11,04 41,1 30,8 -6,9
May 15,1 21,5 8,4 11,79 48,2 33 -2,6
June 19,2 25,9 12 6,9 28,5 35,7 3,5
July 22,5 29,5 14,9 1,84 5,5 38,5 6,6
August 22,4 29,7 14,6 1,52 6,7 39,7 6,5
September 18,2 25,7 10,5 2,91 10,6 37,3 -0,7
October 12,6 19,7 6 6,33 25,6 32 -6,2
November 6,6 13 1,2 7,41 31 25 -19,5
December 1,9 7,2 2,4 10,62 40,9 21,2 -24
Yearly 11,3 17,6 5,1 92,8 342.8 39,7 25,6

To identify the superior Amasya apple genotypes grown in the Camard: district, a preliminary
study was conducted in 2022 and a genotyping study was conducted in 2023, evaluating 10
promising varieties (Figure 1). Each plant selected in this selection study was considered a
genotype.

For each genotype, morphological observations included tree age (years), crown height (m),
habitus, developmental status, and alternate bearing status. Pomological analysis was
performed on 10 randomly selected fruits from each variety. Average fruit weight (g), fruit
diameter and length (cm), fruit flesh firmness (kg/cm?), L*, a*, b*, chroma (c*), and shade angle
(h) were measured for fruit color. Total soluble solids content (TSS), titratable acidity, and pH
of the juice were determined. Phenological observation dates included bud swelling, first
flowering, the period when 70—80% of the flower buds opened, full bloom, the end of flowering,
the first harvest, and the final harvest. The obtained data, The Duncan multiple comparison test
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was used for statistical analysis.

was applied at a 5% significance level to compare the obtained data. The SPSS 23.0 program
Figure 1. Fruits of Amasya apple genotypes
Amasya -01
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Amasya-03

Amasya-04
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Amasya-06
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RESULTS AND DISCUSSION

This research was conducted to identify prospective cultivars with enhanced traits within the
Amasya apple variety cultivated in the Camardi region of the Nigde province. Table 2 presents
tree age, crown height, morphology, developmental condition, and periodicity. The ages of the
genotypes varied from 6 to 15 years, with Amasya-05 being the youngest at 6 years and
Amasya-10 being the oldest at 15 years. All genotypes had a spreading morphology, with
developmental status ranging from robust to moderate based on the genotype. Periodicity was
documented as elevated for all genotypes. These findings indicate substantial variations across
genotypes regarding plant age, growth vigor, and phenological development.

Table 2. Comparison of Genotypes in Terms of Age, Crown Height, Crown Spread,
Development Status, and Periosity

Genotype Plant Age Crown Crown Development Periosity
Height Spread Status
Amasya-01 9 2 Spreading Strong High
Amasya-02 9 2 Spreading Strong High
Amasya-03 11 3 Spreading Moderate High
Amasya-04 11 3 Spreading Moderate High
Amasya-05 6 2 Spreading Strong High
Amasya-06 14 3 Spreading Moderate High
Amasya-07 14 3 Spreading Moderate High
Amasya-08 13 3 Spreading Moderate High
Amasya-09 13 3 Spreading Moderate High
Amasya-10 15 3 Spreading Moderate High

Table 3 presents the phenological observation dates for the selected Amasya apple varietals.
The bud emergence, blooming, and harvesting stages for the 10 Amasya apple genotypes
analyzed in this study are illustrated in Figure 2 and Table 3 below. Significant differences have
been observed among genotypes for the initiation and conclusion dates of the phenological
phases. The initial bud-rise period commenced on March 19 (Amasya-03 and Amasya-09),
while the last occurrence was noted on March 25 (Amasya-07). This signifies a disparity of
roughly six days between the genotypes. Full flowering often transpired between April 1 and
April 16. The earliest complete flowering occurred in the genotypes Amasya-01, Amasya-03,
Amasya-08, and Amasya-10 on April 1, whilst the latest was recorded in Amasya-05 and
Amasya-07 between April 4 and April 16.
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The end of flowering dates among the genotypes varied between 15 and 28 April. The earliest
flowering cessation occurred in the genotypes Amasya-03 and Amasya-08 on April 24, whilst
the latest was noted in the genotype Amasya-05 on April 28. The earliest first harvest was on
October 9 (Amasya-02), while the latest was on October 12 (Amasya-06, Amasya-10). A
discrepancy of around 3 days was seen among the genotypes. The last harvest period ranged
from October 18 to 30. The earliest final harvest occurred for the Amasya-02 genotypes on
October 18, whilst the latest was for the Amasya-05 and Amasya-06 genotypes on October 30.
The findings demonstrate that environmental factors and genetic composition significantly
influence the phenological development of the examined genotypes The Amasya-03 genotype
demonstrated a preference for early blooming and harvesting, while the Amasya-05 genotype
stood out for its late flowering and harvesting characteristics. Moreover, while the phenological
observations of the cultivars analyzed in this study differed based on the region's ecological
conditions, they were mostly in agreement with findings by prior studies (Seferoglu et al., 2006;
Sen 2008; Culha 2010; Oztiirk and Oztiirk, 2016).

Table 3. Phenological Development Stages from Bud Swelling

Genotype B.ud Swelhng ) Full Bloom End of Bloom First Harvest Last Harvest
First Flowering
AMASYA-01 | 20 March— 01 April | 01 -14 April 15- 26 April 10 -18 October 19-28 October
AMASYA-02 | 21 March— 03 April | 02-14 April 15 -26 April 09 - 18 October | 18 - 28 October
AMASYA-03 | 19 March— 02 April | 01 -14 April 15 -24 April 10 - 20 October | 20 -29 October
AMASYA-04 | 21 March— 05 April | 02-15 April 15 -26 April 10 - 19 October | 19 - 28 October
AMASYA-05 | 22 March— 04 April | 03-16 April 16 -28 April 11 - 20 October | 21 - 30 October
AMASYA-06 | 24 March— 03 April | 03 -15 April 15 -26 April 12 - 21 October | 22 - 30 October
AMASYA-07 | 25 March— 05 April | 04 -16 April 18 -27 April 12 - 20 October | 21 - 29 October
AMASYA-08 | 20 March— 02 April | 01 -14 April 18- 24 April 11 - 22 October | 20 - 28 October
AMASYA-09 | 19 March— 02 April | 03 -16 April 15 -26 April 10 - 21 October | 20 - 29 October
AMASYA-10 | 22 March— 05 April | 01 -14 April 16 -27 April 12 - 20 October | 22 - 29 October

Figure 2. Phenological development stages of Amasya apple genotypes
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Amasya-07 Amasya-08

1.Dormant bud 2. Bud swell 3. Silvertip 4. Green tip 5. Mouse ear 6. Pink bud 7. Bloom stage / First bloom 8.
Full bloom 9. Fruit set

The results of this study showed that the pomological traits of apples are affected by their yield
and age. The trees' morphological, phenological, pomological, and biochemical traits are also
affected by the elevation and ecological conditions of the places where the types were chosen (
Ruttanaprasertetal.,2014).

The fruit quality traits of the 10 Amasya apple genotypes that were looked at in this study are
shown in Table 4. There were big changes in the fruit weights between the genotypes, with
Asasya-05 weighing 86.18 g and Asasya-01 weighing 143.40 g. The Amasya-01 genotype had
the heaviest fruit (143.40 g), followed by the Amasya-02 genotype (141.40 g) and finally the
Amasya-03 genotype (141.40 g). It was found that the Amasya-05 strain had the lightest fruit
(86.18 g). As you can see, the Amasya-01 and Amasya-02 genotypes have big fruit structures,
while the Amasya-05 genotype has smaller fruit structures. This means that the trees'
morphological, phenological, pomological, and biochemical qualities are also affected by the
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elevation and ecological conditions of the places where the varieties were chosen. The diameter
of the fruits was between 58.64 mm (Amasya-05) and 70.38 mm (Amasya-01). It was found
that Amasya-01 (70.38 mm) and Amasya-02 (69.74 mm) lines had the widest fruits. Fruit
lengths ranged from 49.13 mm (Amasya-05) to 61.42 mm (Amasya-02). The longest fruits were
found in Amasya-02 (61.42 mm), Amasya-01 (60.18 mm), and Amasya-03 (58.90 mm). Based
on these results, the Amasya-01 and Amasya-02 lines have better fruit diameter and length.
The fruit firmness values among the genotypes ranged from 3.75 kg/cm? (Amasya-07) to 4.40
kg/cm? (Amasya-04). The maximum firmness value was observed in Amasya-04 at 4.40
kg/cm?, and the minimum firmness value was observed in Amasya-07 at 3.75 kg/cm?. The
Amasya-04 genotype is considered advantageous regarding fruit firmness, which is a critical
quality factor for storage duration and transportability. The firmness of fruit in apple genotypes
from various locations of Tiirkiye ranges from 3.0 to 10.5 kg cm™. (Edizer and Bekar, 2007;
Serdar et al., 2007; Bostan and Acar, 2009).

Elasticity readings varied from 3.75 (Amasya-07) to 7.10 (Amasya-05). The Amasya-05
genotype had the highest elasticity value at 7.10, whereas the Amasya-07 genotype displayed
the lowest at 3.75. Increased fruit elasticity signifies a more resilient and flexible composition
of the fruit tissue.

In conclusion, the Amasya-01 and Amasya-02 genotypes excel in fruit weight, diameter, and
length; the Amasya-04 genotype is distinguished by its fruit hardness; and the Amasya-05
genotype is notable for its high elasticity value. The data reveal substantial morphological and
physical disparities across Amasya apple varieties, suggesting that certain genotypes may be
suitable for breeding programs targeting specific quality features.

Table 4. Fruit quality traits of Amasya apple genotypes

Genotype Fruit Fruit Fruit length | Fruit Firmness Elasticity
Weight diameter (mm) (kg cm™?)
) (mm)

Amasya-01 143,40 a 70,38 a 60,18 ab 3,86 abc 4,78 ¢
Amasya-02 141,40 ab 69,74 a 61,42 a 3,81 bc 6,06 b
Amasya-03 141,40 ab 68,86 ab 58,90 ab 4,28 abc 6,24 b
Amasya-04 110,91 de 63,78 bcd 53,21 bcd 4,40 a 6,46 ab
Amasya-05 86,18 f 58,64 d 49,13d 4,30 ab 71a
Amasya-06 135,06 abc 68,18 ab 57,10 abc 3,93 abc 3,93d
Amasya-07 115,73 cde 65,07 abc 54,13 bcd 3,75¢ 3,75d
Amasya-08 122,45 bed 66,94 ab 55,06 abcd 3,94 abc 3,94d
Amasya-09 135,46 ab 68,55 ab 53,21 bed 3,95 abc 3,95d
Amasya-10 98,59 ef 59,90 cd 50,50 cd 3,95 abc 3,90d

The chemical and color attributes of the fruit from the 10 Amasya apple genotypes analyzed in
this investigation are presented in Table 5. Marked disparities were noted across the genotypes
for water-soluble solids (WSD), with values spanning from 10.20 (Amasya-05) to 13.65
(Amasya-03). The Amasya-03 genotype had the highest WSD value at 13.65, succeeded by
Amasya-01 at 12.98 and Amasya-10 at 12.21, respectively. The minimum WSD value was
identified in the Amasya-05 (10.20) genotype. The results demonstrate that the Amasya-03 and
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Amasya-01 genotypes possess elevated dry matter content, whereas the Amasya-05 genotype
is distinguished by reduced sugar content.

The acidity values of the fruit varied from 3.98 (Amasya-03) to 4.37 (Amasya-10) throughout
the genotypes. The Amasya-03 genotype had the lowest pH value, whereas the Amasya-10
genotype displayed the greatest pH value. Acidity scores varied from 0.13 (Amasya-08) to 0.27
(Amasya-02 and Amasya-03), with Amasya-02 and Amasya-03 exhibiting the greatest acidity
levels. These studies indicate that the flavor and taste profiles of fruit vary according to the
genotypes. TSS and acidity are recognized as significant taste indicators for fruits (Rezaeirad
et al. 2013). Oztiirk and Oztiirk (2016) reported that the total soluble solids (TSS) values in
their investigation on apples ranged from 10.46% to 13.45%. Boyac1 (2019) identified the
greatest total soluble solids (TSS) value at 15.4% in the Mondial Gala apple variety, while the
lowest values were recorded at 11.16% in Granny Smith and 11.53% in Red Chief types. In the
research by Karsi and Aslantag (2016), the TSS content ranged from 7.73% (Hiiryemez) to
14.60% (Golden Delicious). Another study observed that the TSS concentration ranged from
10.24% (Granny Smith) to 12.07% (Royal Gala). Balta et al. (2020) conducted a study to
ascertain the biochemical composition of apple fruits, finding a pH value of 4.03 in the Red
Chief variety and 3.31 in the Granny Smith variety. Gilindogdu et al. (2018) reported that
indigenous apple varieties possess abundant biochemical constituents. A study by Hajnajar et
al. (2019) assessed the weight and length of summer apples in Iran, revealing fruit weights
between 11.47 g to 98.50 g. Comparable investigations have been undertaken by other scholars
(Kaya and Balta 2013; Coskun and Askin 2016). Our findings on fruit length and biochemical
features in this study were largely consistent with those of previous research. The varying
outcomes are attributed to disparities in ecological conditions, cultural practices, and genetic
variables.

Fruit coloration characteristics differed among genotypes. The L value varied from 43.29
(Amasya-10) to 54.33 (Amasya-03), with the maximum L value seen in the Amasya-03
genotype. The ¢ value varied from 35.52 (Amasya-08) to 45.46 (Amasya-02), with the
maximum saturation recorded in the Amasya-02 genotype. The h value varied from 29.96
(Amasya-07) to 44.36 (Amasya-08), with the maximum h value identified in the Amasya-08
genotype. The data reveal substantial differences among the genotypes for color tones,
saturation, and angle, with certain genotypes exhibiting superior visual quality.

Table 5. Comparison of TSS, pH, Acidity and Color Parameters in Amasya Apple Genotypes

Genotype TSS pH Titratable | c h
(%) Acidity
(%)

Amasya-01 12,98 b 4,13 0,17d 48,27 abc 41,67 ab 33,88 abc
Amasya-02 11,36 € 4,05 0,26 a 53,05 ab 45,46 a 36,40 abc
Amasya-03 13,65 a 3,98 0,27 a 54,33 a 38,26 bc 42,52 ab
Amasya-04 12,01 cd 4,02 0,21b 48,05 abc 39,05 be 33,02 abc
Amasya-05 10,20 f 4,09 0,21 bc 48,29 abc 42,40 ab 30,30¢c
Amasya-06 11,75d 4,12 0,15e 49,20 abc 41,33abc | 36,85 abc
Amasya-07 11,01e 4,17 0,17 d 51,90 ab 42,68 ab 29,96 ¢
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Amasya-08 11,96 cd 4,15 0,13e¢ 51,36 ab 35,52 ¢ 44,36 a

Amasya-09 11,95 cd 4,24 0,14 e 46,87 bc 40,95 abc 31,37 be

Amasya-10 1221¢c 4,37 0,20 ¢ 43,29 ¢ 39,50 he 31,77 bc
CONCLUSION

This study showed significant differences in the morphological, phenological, pomological, and
biochemical characteristics of ten Amasya apple (Malus domestica) genotypes grown in the
ecological environment of the Camardi district in Nigde province. The genotypes Amasya-01
and Amasya-02 demonstrate exceptional performance for fruit weight, diameter, and length, but
Amasya-04 distinguished itself with elevated fruit hardness, and Amasya-03 had the greatest
soluble solid content at 13.65%. The Amasya-05 genotype, albeit yielding smaller fruits,
exhibited notable flexibility and delayed phenological progression. Phenological measurements
indicated that bud break transpired between March 19 and 25, full bloom happened between
April 1 and 16, and harvesting took place between October 9 and 30, demonstrating the
resilience of these genotypes to local environmental conditions. The variations in fruit hardness,
soluble solids, acidity, and color metrics among the genotypes illustrate the genetic diversity
inherent in Amasya apples. These findings illustrate the promise of specific genotypes, Amasya-
01, Amasya-02, and Amasya-03, for forthcoming breeding, selection, and standardization
initiatives focused on raising fruit quality and increasing the commercial value of Amasya
apples grown in the Nigde region.
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ABSTRACT

The objective of this study was to identify superior lines that could be considered as parents in
tomato breeding programs. In the present study, the fruit characteristics of 94 tomato genotypes
selected from the gene pool of a private seed company were evaluated. Basic quality parameters
such as fruit length, width, pericarp thickness, number of carpels, seed cavity dimensions,
soluble solids content (SSC), and color (Hue value) were examined. The results indicated
significant variation among the genotypes with respect to all characteristics. The mean fruit
length was established as 54.01 mm, the mean fruit width as 43.63 mm, the mean pericarp
thickness as 5.85 mm, the mean number of carpels as 2.94, and the mean SSC as 5.46%. The
highest fruit size was measured in the ST13 genotype (81.82 mm), while the highest SSC ratio
was measured in the ST63 genotype (9.4%). The hue values ranged from 35.46° to 106.46°,
and the majority of genotypes were found to be red in color. The results obtained demonstrated
that the tomato lines evaluated exhibited a substantial genetic reservoir in terms of
morphological diversity. It is evident that these lines, which are characterized by elevated dry
matter content and optimal fruit morphology, possess the potential to serve as parents in the
development of novel industrial hybrid varieties.?

Keywords: Tomato, fruit characteristics, parental selection

2 This study is derived from Unal KAL's master's thesis.

Kal, U. 2017. Development of industrial F1 hybrid tomato cultivars. The Graduate School of
Natural and Applied Science of Selguk Univetsity. Published.
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1. INTRODUCTION

Tomato (Solanum lycopersicum L.) is a highly nutritious vegetable widely cultivated and consumed
worldwide. Tomatoes are distinguished by their morphological diversity, rich nutritional content, and
various quality parameters. It is a rich source of nutrients, particularly vitamin C, vitamin A, lycopene,
[3-carotene, and phenolic compounds (Quinet et al. 2019). Thanks to its high antioxidant capacity, it
has protective properties against cardiovascular diseases and certain types of cancer (Amr and Raie,
2022). In addition to fresh consumption, tomatoes are a very important vegetable in industrial
production. Tomatoes are the raw material for many value-added products such as tomato paste,
ketchup, and sauces. These products occupy an important place both in the domestic market and in
exports and make a significant contribution to national economies (de Paula Vieria et al. 2020).

In agricultural production, factors such as quality, yield, and resilience are crucial for food
safety and sustainability. To meet the growing global demand for food driven by population
growth, it is essential to increase yields and produce high-quality products (Beres et al 2020;
Kayisoglu and Tiirksoy, 2023). In addition to these characteristics, varieties that are
resistant/tolerant to stress factors eliminate production difficulties and enable healthier
cultivation (Chab et al 2024). These newly developed varieties play an important role in
agricultural production.

In tomato breeding, high yield, quality, disease resistance, and adaptation to abiotic conditions
are key focal points. Fruit number per plant, fruit weight, and fruit diameter are primary
selection targets as they directly affect yield and the commercial value of tomatoes (Bojarian et
al 2018). Among quality parameters, soluble dry matter content, pH, colour, and firmness are
other important factors (Londono-Giraldo et al 2021). Similarly, characteristics such as fruit
yield, pericarp thickness, fruit length and fruit diameter, and soluble dry matter content are
among the most important selection criteria for industrial tomatoes (Kumar et al. 2013; Fadhilah
et al. 2022; Lafrance et al. 2023). In the development of tomatoes suitable for fresh
consumption, characteristics such as taste, aroma, and fruit structure are also important, and
both sensory tests and molecular-assisted selections are carried out to develop these
characteristics (Zhu et al. 2018; Londono-Giraldo et al. 2021). Tomato processing companies
prefer varieties with high yield per unit area and high brix and lycopene content (Tiirk et al.
2019). Characteristics such as pericarp thickness and soluble dry matter (Brix) ensure that the
tomato retains its high colour, taste, and nutritional value without quality loss during processing
(De Sio et al 2021).

The superior traits possessed by parents are highly valuable in the development of hybrid
varieties frequently preferred by growers in tomato production. It is evident that parent lines
provide the genetic basis for important agricultural traits, including yield, fruit quality, disease
resistance, and adaptability. The selection of parents with superior traits has been demonstrated
to directly influence the potential of hybrids for these traits (Jin et al., 2019; Al-Khayri et al.,
2023). Basic traits such as fruit weight, pericarp thickness, brix, colour, and shape demonstrate
strong inheritance and are transferred to hybrid varieties at a high rate after crossbreeding
(Pavan et al. 2021; Avkidos et al. 2021).

The present study was conducted using 94 different tomato genotypes in order to identify those
that could be evaluated as parents in tomato breeding programs. The study examined the

133



i

»

KCADEg
v
G

AVRASYA 14th INTERNATIONAL CONFERENCE ON APPLIED SCIENCES October 17-19, 2025 - TBILISI
CONFERENCE BOOK - ISBN : 978-625-5694-42-3

s

different pomological characteristics of the genotypes. The potential of the lines that exhibited
these fruit characteristics to be used as parents was determined.

2. MATERIAL AND METHODS

In the study, 94 tomato lines from the tomato gene pool belonging to Nadide Tarim Seed
Production Food Import Export Construction Landscape Trade and Industry Ltd. Co. were used
as plant material. The seedlings were grown in greenhouses located at the company's research
station in the Aksu district of Antalya. After the greenhouse soil was prepared, it was ready for
seedling planting. Trays were prepared for sowing the seeds, and the seeds were sown. Once
the seedlings were ready for planting, 20 plants from each genotype were planted in the
greenhouse. When planting the seedlings, a distance of 2 m between rows and 40 cm between
plants within a row was maintained (Figure 1).

\

LN

Figure 1. A view of the soil preparation and seedlings in the greenhouse

Cultural practices (irrigation, hoeing, fertilization, etc.) were carried out appropriately during
the cultivation period. Harvesting was performed once the fruits reached harvest maturity, and
measurements were taken. The following characteristics of the fruits were examined: fruit size,
fruit pericarp thickness, number of carpels, seed cavity dimensions, soluble solid content, and
fruit color.

The measurement data were statistically analysed; the mean, minimum, and maximum values
for each parameter were calculated, and the differences between genotypes were visually
interpreted through graphical distributions.

3. RESULTS AND DISCUSSION

Ninety-four tomato genotypes with parental potential were evaluated for certain fruit
characteristics. Significant differences were observed between genotypes for all traits
examined, indicating the presence of a wide genetic variation that could be utilised in future
breeding programs.
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Figure 2. Average fruit length

The results obtained show that the average fruit size of the genotypes was 54.01 mm. Among
the parents, genotype ST13 had the highest fruit size (81.82 mm), while genotype ST16 had the
lowest (38.58 mm). Upon examination of the graph, it was observed that 52.63% of the
genotypes had an average fruit length above the mean value (Figure 2).

Average Fruit Width (mm)
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Figure 3. Average fruit width

The mean fruit width of tomato genotypes was found to be 43.63 mm, with the highest value
recorded in genotype ST44 (66.13 mm) and the lowest in genotype ST40 (24.62 mm) (Figure

3). The graph demonstrates that 45% of the genotypes exhibited a fruit width that exceeded the
mean value.
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Average Pericarp Thickness (mm)

Figure 4. Average pericarp thickness

The mean pericarp thickness of the genotypes was found to be 5.85 mm. The highest pericarp
thickness value was measured in genotype ST67 (8.60 mm), while the lowest value was

measured in genotype ST40 (3.24 mm) (Figure 4). With regard to pericarp thickness, 50.53%
of the genotypes were found to be above the average.

Average Number of Carpels
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Figure 5. Average number of carpels

The mean number of carpels in the fruits was 2.94 across all genotypes, with genotype ST44
(7.45 carpels) exhibiting the highest number of carpels. The lowest number of carpels was
observed in genotypes ST29, ST16, ST54, ST81, and ST65 (2 carpels) (Figure 5). A total of
31.58% of the genotypes exhibited a carpels number that exceeded the mean value.
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Figure 6. Average seed cavity width

The mean dimensions of the seed cavity were measured in the other parameter that was
examined. The mean seed cavity width was found to be 5.38 mm. The highest value was
recorded in genotype ST62 (11.60 mm), while the lowest value was measured in genotype ST72

(2.47 mm). With regard to cavity width, 42.11% of the genotypes were found to exceed the
mean value (Figure 6).

Average seed cavity length (mm)
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The mean cavity length was measured at 21.53 mm for the average genotype. The highest value
was observed in genotype ST34 (38.66 mm), while the lowest value was observed in genotype

ST91 (11.80 mm). With regard to cavity length, 55.79% of the genotypes were found to be
above the mean (Figure 7).

Figure 7. Average seed cavity length
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Average soluble solid content (SSC) (Brix)
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Figure 8. Average SSC

When the genotypes were examined in terms of soluble solid content, the average genotype
value was found to be 5.46% Brix. Among the genotypes, genotype ST63 (9.4% Brix) exhibited
the highest value. The lowest value in terms of soluble solid content was measured in genotype
ST49 (3.6% Brix). With regard to soluble solid content (SSC), 44.21% of the genotypes were
found to be above the average value (Figure 8).

Color (Hue)

T,

Figure 9. Fruit color

In the context of color measurement, the hue angle values were obtained from two distinct
regions of five fruits from each genotype. The hue angle values ranged from 35.46° to 106.46°.
According to Voss (1992), hue angle values between 0° and 90° represent red and its shades.
Fourteen of the parent lines fell between 30-40°; 72 fell between 40-50°; and 6 fell between 50-
70°. The mean color (Hu value) was measured as 45.51 (Fig. 9). This value indicates that the
vast majority of genotypes exhibit red-orange color tones in the mature stage. The variation in
hue angle is indicative of differences in lycopene accumulation levels between genotypes and
is a significant parameter with regard to both visual quality and nutritional content (Nour et al.,
2015; Abdelhamid et al., 2020).
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Kiymaci et al (2024) screened 240 tomato genotypes at the S2 stage and examined fruit
characteristics. The study revealed significant variation in fruit pericarp thickness, carpel
number, and SCC. Following PCA analysis in the same study, a relationship was found between
carpel number, fruit length, and fruit weight parameters.

A further study ascertained that fruit length ranged from 31 millimeters to 76 millimeters among
genotypes, while fruit width ranged from 34 millimeters to 104 millimeters. In relation to the
carpel number, it was established that the minimum recorded value was 3, with a maximum of
13 being observed. Furthermore, an analysis of fruit pericarp thickness revealed a range from
2.8 to 8.3 millimeters (Cukadar, 2011).

In the study conducted by Mutlu et al. (2007), measurements taken from fruits belonging to
tomato genotypes showed that fruit length ranged from 22 to 67 mm, fruit width ranged from
26 to 91 mm, fruit pericarp thickness ranged from 2 to 8.8 mm, and the number of carpels
ranged from 2 to 16. When comparing the fruit sizes measured in the genotypes in both studies,
it was observed that the fruit length of the tomatoes in our study was longer, while the fruit
width was smaller. While there were differences in the number of carpels, the flesh thicknesses
were found to be similar to those in our study.

In another study conducted on industrial tomatoes, when examining the findings for the
Standard Rio Grande variety, it was noted that the highest SSC value was obtained from the
control group (5.30) among the tested applications, while the results obtained from other
applications were statistically insignificant. In the same study, the SSC was measured as 4.80
at its highest and 4.10 at its lowest in the F1 hybrid variety named H-9663 (Dadas, 2010).
Another study examined the number of carpels in industrial tomato genotypes and found that
the number generally ranged between 2 and 3. The highest value measured for this parameter
was 3.8. In these genotypes, fruit widths ranged between 62 and 45 mm, while fruit lengths
ranged between 61 and 45 mm. Measurements taken on the same tomatoes revealed that fruit
flesh thickness varied between 4.2 and 7.2 mm, while the SSC content ranged from 5.9% to
4.8% (Sonmez, 2011).

4. CONCLUSION

The present study has revealed significant variation among tomato genotypes with regard to
certain fruit characteristics. It is evident that disparities in parameters such as fruit length, width
and pericarp thickness are indicative of the presence of diversity among genotypes with regard
to fruit size and structural characteristics. Genotypes exhibiting high fruit flesh thickness offer
advantages in terms of processability and durability, while lines with high SSC ratios are
distinguished by their superior taste and quality. In this respect, genotypes such as ST13 (fruit
length), ST63 (SSC) and ST67 (pericarp thickness) are worthy of particular note as potential
sources that can be evaluated as parents in subsequent breeding studies. The predominance of
red values in the Hue values determined in the color analysis suggests that the genotypes
possess the desirable color quality for industrial application. In conclusion, the findings provide
important data that could contribute to both industrial and table tomato breeding by identifying
lines with high parental potential.
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ABSTRACT

Ecosystem-based planting design is an approach in landscape architecture that emphasises
sustainability and ecological integrity. This approach utilises plant taxa that can adapt to local
and environmental conditions, increases biodiversity in urban and rural areas, supports natural
processes, and enhances environmental functions. In recent years, problems such as climate
change, urbanisation and loss of natural habitats have increased the importance of ecosystem-
based design. This study addresses the basic principles, implementation approaches and
strategies of ecosystem-based design through international examples and evaluates the
ecological, aesthetic and social benefits obtained from these practices. The findings reveal the
importance and applicability of ecosystem-oriented approaches in sustainable landscape
planning.

Keywords: Ecosystem-based planting, biodiversity, sustainable landscape

1. INTRODUCTION

An ecosystem is an energy-operating system in which organisms such as plants, animal
communities, and fungi have co-evolved over long periods of time, developing interdependent
relationships of varying types and degrees among their components (Yeang, 2012).
Purification, recycling, and renewal of biological resources are among the services provided by
ecosystems. These services also regulate and support natural and human systems. They are vital
for the sustainability of human development from an economic, social, cultural and ecological
perspective (Alexander et al., 1997).

Landscape is a dynamic system in which physical, biological and social relationships are in a
state of constant transformation and interaction. Ecological design, on the other hand,
determines these natural processes, reveals the relationships between site conditions and
landscape processes, and enables these dynamic relationships to become productive (Rottle &
Yocom, 2011). The discipline of landscape architecture conducts harmonious work in
ecological design applications by placing nature and people at the centre of design and planning
practices. While supporting user needs, landscape architects contribute to the preservation and
maintenance of ecological balance through natural and environmental processes. In this context,
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ecological landscape design should integrate design and planning by considering the
relationships between environmental processes and human needs (Ak, 2024).

The pioneers of sustainable design, Sim van der Ryn and Stewart Cowan, defined ecological
design in their 1996 book Ecological Design as ‘any design that integrates with living processes
to minimise environmentally destructive impacts’ (Kallipoliti, 2018). Ecological design aims
to create living space for local species and habitats, ensure the sustainable use of resources in
human activities, and effectively integrate the legitimate needs of other species and natural
ecosystems into the design (Shu-Yang et al., 2004).

Ecological landscape design aims to create sustainable, environmentally sensitive open spaces
(Ak, 2024).

Ecosystem-based landscaping design aims to create ecological, aesthetic and functional plant
designs based on the functioning of natural systems. This approach first looks at natural
ecosystems. These include the area's existing flora, fauna, soil and climate conditions. Using
natural plant species for the region preserves the local vegetation and creates harmonious plant
communities. This increases biodiversity and supports the ecosystem, ensuring environmental
sustainability. During the botanical design process, succession and competition are taken into
account to create botanical compositions that can renew themselves over time. The interaction
between nature and humans is at the heart of the design. Liveable green spaces are created
where users can integrate with nature and become part of the ecosystem.

Planting design in line with ecological objectives; protects ecosystems, restores degraded
ecosystems, rehabilitates degraded areas such as former mining sites, restores waterways,
improves and supports biodiversity, creates habitats and biotic communities for wildlife, and
provides wildlife corridors (Sar1 & Karasah, 2018; Steiner, 2001; Thomas et al., 2001).
Various principles regarding the fundamentals of ecological landscape design have been
defined by different researchers in the literature. In this study, the fundamental principles
compiled from the works of Shu-Yang, Freedman and Cote (2004), Ryn and Cowan (2013) and
Ak (2024) are presented in Table 1.

Table 1. The fundamentals of ecological landscape design

Principle / Criterion Description Reference
The necessity for humans and economic
systems to meet their needs within natural
limits

Preservation of the structural and functional Shu-Yang et al.,
integrity of natural and managed ecosystems. | (2004)
Shu-Yang et al.,
(2004); Ryn &

1. User and Economy
Orientation

Shu-Yang et al.,
(2004)

2. Ecosystem Integrity

3. Nature-Mimicking Taking inspiration from nature’s own design

Design rinciples in anthropogenic systems.
g P P Pog y Cowan (2013)
4. Use of Renewable Transition toward renewable energy sources, | Shu-Yangetal.,
Resources recycling, reuse, and resource efficiency. (2004)
. Conservation of natural capital and inclusion
5. Ecological P Shu-Yang et al.,

of resource depletion and environmental

Economics Approach . .
damage in economic assessment.

(2004)
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6. Conservation of

Sustainable conservation of natural

Shu-Yang et al.,

Biodiversity ecosystems and native species. (2004)
7. Environmental Enhancing public awareness of sustainability | Shu-Yang et al.,
Literacy and environmental sensitivity. (2004)

Ensuring that every design is based on the

8. P!ace-Specmc cultural and physical characteristics of its Ryn & Cowan
Design . (2013)
location.
9. Ecological Holistic eval_uatlon of environmental, social, Ryn & Cowan
. and economic parameters throughout the
Accounting . (2013)
design process.
10. Design in Harmony | Integration of abiotic factors such as water, Ryn & Cowan
with Nature wind, and sunlight into design. (2013)
11. Participatory Ensuring the participation of all stakeholders | Ryn & Cowan
Design in the ecological design process. (2013)
12. Making Natural Making natural cycles and processes Ryn & Cowan
Processes Visible perceptible to users. (2013)

13. Sustainability and
Resource Conservation

Creating designs based on energy, water, and
material efficiency that do not harm the
environment.

Shu-Yang et al.,
(2004); Ryn &
Cowan (2013)

14. Viewing the

Considering the ecosystem as a whole, with

Landscape Patterns

habitats, and maintaining landscape integrity.

e . Ak, 2024).
Ecosystem as a Whole | all its living and non-living components. (Ak, 2024)
15. Habitat Restoration . o .
and Conservation of Enhancing biodiversity, restoring degraded (AK, 2024).

Ecosystem-based planting design aims to create sustainable and functional landscapes, and does
so by drawing on natural processes and local ecosystems. This approach supports ecological
balance when applied in different areas. It provides solutions to environmental problems. Below
are the areas where ecosystem-based planting design is applied:

1. Natural Meadows and Pastures

Natural meadow and pasture areas provide numerous ecological services as vital ecosystems
and support the conservation of biological diversity (Dey et al., 2024).

2. Forest Gardens (Urban Forests)

Urban forests reduce air pollution and greenhouse gas emissions within cities, sequester carbon,
regulate air temperature, reduce stormwater runoff, reduce noise, and provide recreational,
social, psychological, and aesthetic benefits (Roeland et al., 2019).

3. Wetland/Riparian Area Restoration

Coastal areas, which are transition zones adjacent to wetlands and riparian areas, are important
for buffering the effects of surrounding land uses and supporting the health of river ecosystems.
Ecosystem services include water quality protection, flood mitigation, carbon sequestration,
and the conservation of biodiversity and wetlands (Allan et al., 1997, Brauman et al., 2007).
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4. Permaculture/Edible Gardens

The concept of permaculture comes from combining the words ‘permanent’ and ‘agriculture’.
It focuses on creating and designing agricultural ecosystems that are sustainable and resilient.
Co-founder David Holmgren defines permaculture as ‘consciously designed landscapes that
mimic the patterns and relationships found in nature, producing abundant food, fibre and energy
to meet local needs.’

5. Green Roof Gardens

The ecosystem services provided by green roofs include improving rainwater management in
urban areas, regulating building temperatures, reducing urban heat island effects, and increasing
wildlife habitats (Oberndorfer et al., 2007).

6. Rain Gardens

Rain gardens contribute positively to problematic urban water cycles by retaining surface
runoff. They are also one of the most functional and applicable approaches among nature
friendly solutions used for sustainable rainwater management, adding aesthetic value to urban
areas (Miiftiioglu & Percin, 2015).

7. Coastal Restoration

The restoration of coastal areas, carried out through ecosystem-based planting design,
contributes positively to preventing erosion and increasing habitat diversity.

8. Parks

Urban parks provide various ecosystem services that are valuable for the well-being of city
dwellers. They are also recognised as a nature based solution that addresses various
environmental issues in cities (Mexia et al., 2018).

9. Transformed Landscapes

Transformed landscapes refer to areas that regain their ecological functions through ecosystem-
based design and restoration. These areas are transformed into valuable, sustainable spaces for
both nature and humans as a result of design and restoration.

The aim of this study is to highlight the importance of sustainable landscape planning by
examining the fundamental principles of ecological landscape design, its application areas, and
examples from around the world. The study aims to demonstrate the applicability of ecosystem-
based approaches and the value of their adoption in the discipline of landscape architecture
through literature and application examples.

2. MATERIAL AND METHODS

The material for this study consists of national and international literature data related to
ecosystem-based landscaping design. Within the scope of the study, books, articles published
in peer reviewed journals, symposium papers, master's and doctoral theses, and current online
sources related to the subject were examined.

Literature review, one of the qualitative research techniques, was selected as the method. In this
context, the theoretical foundations of ecosystem-based design were first determined.
Subsequently, the findings obtained from the sources were classified to identify the application
areas of ecosystem-based landscaping design. Finally, successful examples implemented
worldwide were examined and evaluated in terms of their ecological functions and application
results.
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3. FINDINGS

Examples of ecosystem-based landscaping design applications from around the world include
projects such as High Line Park (New York, USA), Queen Elizabeth Olympic Park (London,
UK), Jardins de Métis (Québec, Canada), Millennium Park (Chicago, USA), The Eden Project
(Cornwall, UK), Duisburg-Nord Landschaftspark (Duisburg, Germany), Changi Airport Jewel
(Singapore) and Houtan Park (Shanghai, China). These applications have been designed using
ecosystem-based landscaping design.

High Line Park (New York, USA)

New York City's High Line Park was established as a linear green space on a disused railway
line in Manhattan. The park, whose history dates back to 1847, opened to the public in 2009
(Millington, 2015). At that time, a railway line was built through the city centre to enable the
free movement of goods. However, this led to numerous fatal accidents. Therefore, in 1929, it
was decided to elevate the railway and move it onto a viaduct. Thus, the route of the line was
changed. The rich vegetation seen today on this viaduct, located at a height of approximately
10 metres, the walking paths integrated with the railway tracks, water features, drinking
fountains, portable deckchairs and seating areas, are the brainchild of the volunteer group
Friends of the High Line, which prevented the structure from being demolished in 1999 (Figure
1) (Huebner, 2019).

Figure 1. High Line Park (Url-1, Url-2).

Queen Elizabeth Olympic Park (London, England)

Queen Elizabeth Olympic Park, designed as part of the 2012 London Olympics, is a striking
example of sustainable urban regeneration and modern landscape architecture. The park's
creation involved extensive engineering processes, including protecting over 5,000 homes from
flood risk, carrying out remediation work in seven separate soil treatment areas, establishing a
large-scale drainage and infrastructure system, and reshaping the topography from scratch. The
design included the creation of the largest wildflower meadow planted in the United Kingdom
at that time, and all excavated materials from the site were reused. Located in the festival area
to the south, the London 2012 Gardens consist of themed gardens illustrating Britain's tradition
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of collecting plants from around the world. The park serves as a lasting legacy of the Olympic
Games, offering over 45 hectares of new wildlife habitat, kilometres of footpaths and cycle

paths, playgrounds, gardens, cafés, and world-class sports and cultural facilities (Figure 2) (Url-
3).

Figure 2. Queen Elizabeth Olympic Park (Hopkins & Neal, 2013, Url-4).

Jardins de Métis (Reford Gardens) (Quebec, Canada)

Known as the Jardins de Métis or Reford Gardens, these gardens have been open to the public
since 1962. Elsie Reford transformed the area, which was initially just a forest covered with
spruce trees, into a garden boasting one of the largest plant collections of its time. To achieve
this, she excavated, built stone walls, moved trees, and brought large rocks from nearby fields.
She obtained the special compost needed to grow exotic plants by trading leaves with local
farmers. Where experienced gardeners had failed, he successfully cultivated rare species. Elsie
Reford trained local people to become expert gardeners (Figure 3) (Reford & Tanguay, 2001).

Figure 3. Jardins de Métis (Url-5, Url-6).

Millennium Park (Chicago, USA)

Chicago Millennium Park was established on 16 July 2004 and created in collaboration with
the Chicago History Museum. Millennium Park is a public space that serves as an open-air art
museum, cultural centre and performance venue. Bringing together different functions, this area
combines unique architecture, monumental sculpture and innovative landscape design
elements. This project involved converting a disused railway line in the centre into a public
space (Gilfoyle, 2006). The three-acre Lurie Garden is one of the park's most important
components. An ecosystem-based approach has been adopted in this garden. This garden, which
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features a combination of perennial plants originating from meadows, serves as a laboratory for
nature based learning and observation (Figure 4) (Kingsbury, 2020).

Figure 4. Millennium Park (Kent, 2011).

The Eden Project (Cornwall, England)

The project opened to the public in 2001 in Cornwall, at the southwestern tip of England
(Knebel, 2002). The aim of this project is to demonstrate the importance of plants for humans
and to promote the sustainable use of plant resources. Planting has focused particularly on
plants that are economically and ethnobotanically useful (Figure 5). The Eden Project has
developed a dynamic educational programme extending from school to doctoral level and for
adults. It received two million visitors in its first year (Prance, 2002). As an example of ensuring
sustainability in natural areas, targeting ecosystem restoration, and strengthening ecological
transformation through environmental education, the Eden Project focuses on post mining
rehabilitation and nature restoration efforts (Emir & Yildirim, 2024).

Figure 5. Eden Project (Url-7).

Duisburg-Nord Landschaftspark (Duisburg, Germany)

It is part of the Emscher Park project. Seven green corridors have been proposed along the
north-south axis connecting 17 cities, utilising the waterways and open green spaces within the
project. The regions are connected by parks, gardens, footpaths and cycle paths that wind
through the cities and cover an area of approximately 300 km?. Various industrial landscape
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parks have been created along the green corridor, one of which is the Nord Landschaftspark in
Duisburg (Figure 6). The Nord Landschaftspark, designed by Peter Latz, also emphasises
ecological design. Particular attention has been paid to the use of sustainable and recyclable
materials (Yurtseven, 2021). The restoration of biologically degraded areas has been achieved
through botanical design, and special species brought from different countries have been
reintroduced to the area (Demiroglu & Onur, 2016).

Figure 6. Duisburg-Nord Landschaftspark (Url-8).

Changi Airport Jewel (Singapore)

Singapore Airport is proof that landscape architecture and architecture work in a
complementary manner and that landscape architecture has the potential to serve more in the
global world. Green areas at the airport, such as the Shiseido forest valley, Petal Garden, hedge
maze, butterfly garden, orchid garden, etc., make positive contributions from an ecological
perspective. The selection and placement of plant species at Jewel Singapore Changi Airport
took into account various criteria such as aesthetic appearance, light levels, temperature, and
humidity conditions (Figure 7) (Demirci et al., 2023).

SN7

VA7 2,

N k‘

Figure 7. Changi Airport Jewel (Url-9).
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Houtan Park (Shanghai, China)

The design strategies employed to transform the site in Shanghai into a vibrant and sustainable
system providing comprehensive ecological services have brought together the functions of
food production, flood control, water purification and habitat creation in an educational and
aesthetic manner. It was designed as an innovative example of ecological design for the 2010
Expo (Figure 8) (Asla, 2010).

Figure 8. Houtan Park (Url-10).

4. CONCLUSIONS AND RECOMMENDATIONS

In landscape architecture, ecosystem-based planting design is an important approach aimed at
creating environments that are in harmony with nature, sustainable, and resilient. The examples
examined in this study from around the world demonstrate that integrating natural processes
and local ecosystems into the design process yields successful results both ecologically and
aesthetically. Applications carried out in different climatic conditions and cultural
environments have demonstrated that plant species selections compatible with natural flora and
fauna increase biological diversity and strengthen environmental resilience.

Looking at examples from around the world, projects such as High Line Park, Millennium Park,
and Queen Elizabeth Olympic Park prove that industrial or abandoned areas can be repurposed
into green corridors within cities through ecosystem-based designs. Examples such as the Eden
Project and Duisburg-Nord Landschaftspark demonstrate that ecological design, when
combined with education and social awareness, yields long-term environmental gains.

Such applications strengthen human nature interaction, increase biodiversity, and positively
contribute to the functionality of urban ecosystems

In conclusion, ecosystem-based landscaping design is not merely an aesthetic application, but
a comprehensive approach that offers solutions to global environmental issues such as
combating climate change, ecological restoration, water management, and biodiversity
conservation.

Recommendations:

The use of native species in landscape design should be encouraged, and analyses of local flora
and fauna should be mandatory prior to project implementation.
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Ecosystem-based approaches should be integrated into urban planning and green infrastructure
policies.

Monitoring and evaluation systems that consider ecosystem services should be established in
public and private sector landscape projects.

Education and awareness campaigns should encourage public awareness and participation in
nature based solutions.

In this regard, considering ecosystem-based planting design as a fundamental component of
sustainable landscape design is important for the conservation of natural resources and the
improvement of quality of life.
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ABSTRACT

With the increasing world population, nutrition has become an increasingly important issue.
With increasing nutrition, food is expected to be not only affordable but also of high quality.
Food additives are widely used today to enhance the appearance or flavor of foods or to extend
their shelf life. These additives are classified as antioxidants, stabilizers, preservatives,
sweeteners, and colorants. They are synthetic or natural substances that can be added to foods
in small amounts. In this era of increased food awareness and interest, natural food additives
have attracted considerable attention among consumers. However, synthetic food additives are
increasingly used, and many problems arise as a result of synthetic food additives replacing
natural food additives. While some of these substances are harmless when used in permitted
amounts, others pose a risk to human health. Common side effects include itching, skin rash,
gastrointestinal discomfort, or difficulty breathing. This review summarizes the classification
of food additives and their toxic effects on brain and ovary tissues. Therefore, it is recommended
that the toxic effects of food additives be supported by scientific studies.

Keywords: Food additive, brain, ovary

1. INTRODUCTION

In recent years, changes in industrial and agricultural activities, along with increased diversity and
productivity, have boosted the world's food supply capacity. Meanwhile, rising consumption has been
facilitated by factors such as the food industry and urbanization (Lerner et al., 2015). Additives used
to improve food safety, shelf life, and nutritional profile are widely used in the food industry. These
additives are chemically and naturally synthesized components (Moradi et al., 2022). Due to the
limited availability of natural resources to meet the demand for additives, new alternatives are being
sought (Faustino et al., 2019). Food additives are classified according to their functions as antioxidants,
stabilizers, sweeteners, preservatives, and colorants (Thomas and Adegoke 2015; Ahmed 2016). The
proper use of food additives plays an important role in the modern food industry (Wu et al., 2022).
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Food additives must undergo safety testing according to the World Health Organization (WHO)
before being used in any product (Khan et al., 2020). Although food additives are used to prevent
nutrient loss during food processing, their misuse can harm human health (Wu et al., 2022). The threat
to human health stems not only from dietary habits and consumption methods but also from food
additives (Xia et al., 2025). For example, with the spread of sugar-related diseases due to increased

sugar consumption, sweeteners used in foods have economic and health implications (Carocho et al.,
2017).
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Figure 1: General classification of food additives (Wu et al., 2022).

1.1. Antioxidants

Oxidation is a cause of food spoilage, and therefore antioxidants are the main family of food
additives. Antioxidants protect food substances affected by oxidation, thereby increasing their
shelf life (Silva and Lidon 2016). Antioxidants in radical form maintain their chemical stability
and are distinguished from other radicals by this property, protecting foods from deterioration
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caused by color changes. There are many different types of antioxidants used as food additives
in the food industry (Witkowski et al., 2022). Generally, there are natural and synthetic food
additives. Due to their easy availability and low cost, synthetic antioxidants have adverse
effects on the nervous system and cancer (Hassanpour and Doroudi 2023). Antioxidants used
as food additives cause side effects on human health depending on the dose (Silva and Lidon
2016). However, these substances do not pose any health risks at approved/recommended
concentrations (Franco et al., 2019).

1.2. Stabilizers

Stabilizers, which are food additives used to alter the mouthfeel and overall structure of food,
modify or enhance the structure of food by changing its texture, consistency, viscosity, and
creaminess (Zang et al., 2023). They are also food additives that preserve, intensify, and
stabilize the existing color of food (Liao et al., 2021). These substances, which ensure the
homogeneity of food components, are found in salts such as potassium, sodium, and calcium
(Wu et al., 2022). Stabilizers are widely used in dairy products, puddings, frozen desserts,
cakes, sauces, and jams (Zang et al., 2023).

1.3. Sweeteners

Sugar-free or reduced-calorie sweeteners are food additives commonly used in foods and food
products as substitutes for sugar (Onaolapo and Onaolapo 2018; Bellanco et al., 2024). Due to
the negative effects of sugar consumption on humans, sweeteners have been used for many
years (Carocho et al., 2017). The consumption of sweeteners is increasing in many countries
to normalize blood sugar or reduce calories (de Souza Lopes et al., 2023). Despite this
increasing consumption, these substances added to foods to make them sweet are unreliable
molecules (Carocho et al., 2017). These substances harm beneficial microorganisms by coming
into contact with the gut microbiota as they pass through the gastrointestinal system (de Souza
Lopes et al., 2023). Due to the consumption of these substances, diabetes, obesity, and
metabolic disorders associated with sugar consumption are on the rise (Carocho et al., 2017).
As with other food additives, sweeteners are subject to safe intake levels in safety assessments
before being approved for use (Bellanco et al., 2024). Monosodium glutamate (MSG),
commonly used as a flavor enhancer and generally considered safe, increases body weight by
enhancing the flavor of foods (Ahmed 2016).

1.4. Preservatives

Food products are susceptible to deterioration due to enzymatic, chemical, physical, or
microbiological processes that can cause unwanted changes in their nutritional value, quality,
and food safety. Food additives such as food preservatives are used for processes such as
extending the shelf life of foods (Novais et al., 2022). Preservatives used to prevent unwanted
chemical changes and microbial activity prevent food spoilage (Hrncirova et al., 2019).
Preservatives that prevent mold, bacteria, and yeast growth in foods are used to control product
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quality, pH value, preserve taste and healthiness, maintain or increase nutritional value,
preserve consistency, add color, promote fermentation, and enhance flavor. However, despite
these effects, there are concerns about the use of these additives due to their harmful effects
(Awuchi et al., 2020). Natural preservatives are attracting great interest as alternatives to
synthetic and chemical preservatives (Bashir et al., 2017). It is believed that these food
additives are safe when used carefully and in accordance with approved regulations (Franco et
al., 2019).

1.5.Colorants

Food colorants, which are food additives that influence consumers perception of food,
positively affect consumers purchasing decisions, sensory appeal, appetite, and purchasing
decisions (Gebhardt et al., 2020; Albuquerque et al., 2021). These additives are added to foods
to enhance their flavor perception, restore lost colors, and make them look appealing (Wu et
al., 2022). Colorants are found in plant-based, artificial, animal-based, and natural forms
(Gebhardt et al., 2020; Wu et al., 2022). Interest in colorants is increasing due to their low cost
(Zhou et al., 2023). However, these substances have been linked to health problems such as
hyperactivity and allergies (Faustino et al., 2019; Albuquerque et al., 2021). Nevertheless, the
use of colorants is permitted in limited doses (Zhou et al., 2023).

2. EFFECTS OF FOOD ADDITIVES ON BRAIN AND OVARY TISSUE
2.1. Effects of Food Additives on Brain Tissue

Studies have reported that various food additives cause damage to brain tissue. A study
conducted on mice reported that doses of 0.56, 1.125, and 2.25 mg/mL of the food additive
sodium benzoate decreased glutathione (GSH) levels in brain tissue in a dose-dependent
manner and caused damage by increasing malondialdehyde (MDA) levels in a dose-dependent
manner (Khoshnoud et al., 2018). It has been stated that the administration of 7.5 mg/kg
tartrazine in rats triggers oxidative stress, causing damage to brain tissue (Bhatt et al., 2018).
It has been reported that titanium dioxide doses of 50, 100, and 200 mg/kg reduce
acetylcholinesterase activity in rat brain tissue, causing damage by increasing interleukin-6
(IL-6) and glial fibrillary acidic protein (GFAP) levels (Grissa et al., 2016). Dose of 62 mg/kg
potassium bromate has been reported to cause damage in rat brain tissue by triggering oxidative
stress, inflammation, apoptosis, and endoplasmic reticulum stress (Aygoérmez et al., 2025).

2.2. Effect of Food Additives on Ovary Tissue

It has been stated that potassium sorbate, a food additive, causes damage by increasing MDA
levels and decreasing catalase (CAT) activity in the ovary tissue of female rats (Hasson Al-
Husseini 2020). It has been reported that 400 mg/kg MSG causes damage by reducing estrogen
levels in ovary tissue (El-Beltagy and Elghaweet 2016). Dose of 1200 mg/kg MSG has been
reported to cause damage by reducing estrogen, CAT, superoxide dismutase (SOD), and
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glutathione reductase parameters in rat ovary tissue (Abdel-Aziem et al., 2018). Studies have
reported that various food additives cause damage to ovary tissue.

3. CONCLUSION

Today, many consumers prefer natural food additives over synthetic ones. This is because
synthetic food additives have negative effects. However, the toxicity of natural food additives
must also always be taken into account. Whether synthetic or natural food additives, even when
used at recommended doses, carcinogenic, toxicological, and other safety studies must be
conducted. For this reason, it is advisable that the toxic effects of food additives be supported by
scientific studies.
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HERHANGI BIR AHSAP MALZEMEDE YAPILAN 200 DERECEDEKI ISIL iSVLEM
UYGULAMASI iLE AHSABA AIT OLAN SHORE D SERTLIK OZELLIiGI DEGISIiR
Mi?
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Ozet

Herhangi bir ahsap malzeme iizerinde yapilan 200 derecedeki 1s1l islem uygulamasi ile
ahsaba ait olan mekanik, fiziksel, biyolojik, kimyasal, vb. 6zelliklerinin degistigi bilinmektedir.
Bu calismada, gonfolo, gele kabbes, kotibé, lacewood, longhi, rubber, pyinkado, quaruba,
durian ve tulip ahsap tiirlerinde 1s1l islem sonrast shore D sertlik 6zellikleri arastirilmistir.
Varyans analizleri anlamli olarak tespit edilmistir. Yapilan 1s1l islem ile biitlin ahsap tiirlerinde
shore D sertlik degerleri i¢in azalmalarin (gonfolo i¢in %13.51, pyinkado i¢in %43.71, quaruba
icin %12.17, durian i¢in %11.90, gele kabbes icin %12.46, kotibé icin %7.44, lacewood i¢in
%10.74, tulipwood igin %8.10, longhi i¢in %13.99, rubber icin %14.90) elde edildikleri
goriilmektedir. Elde edilen sonuglarin gerek 1sil islem uygulamalari gerekse ahsap tiirleri
acisindan 6nemli bilgiler verdigi belirlenmistir.

Anahtar kelimeler: Shore D sertlik degeri, 1s1l islem, ahsap malzeme

Does the Shore D hardness property of wood change with the heat treatment applied to
any wooden material at 200 degrees?

Absract

It is known that heat treatment at 200 degrees on any wood material changes the
mechanical, physical, biological, chemical, etc. properties of wood. In this study, shore D
hardness properties of gonfolo, gele kabbes, kotibé, lacewood, longhi, rubber, pyinkado,
quaruba, durian, and tulip wood species were investigated after heat treatment. Variance
analyses were determined to be significant. It was observed that reductions in shore D hardness
values were obtained for all wood species with heat treatment (13.51% for gonfolo, 43.71% for
pyinkado, 12.17% for quaruba, 11.90% for durian, 12.46% for gele kabbes, 7.44% for kotibé,
10.74% for lacewood, 8.10% for tulipwood, 13.99% for longhi, and 14.90% for rubber). It was
determined that the results obtained provided important information in terms of both heat
treatment applications and wood species.

Keywords: Shore D hardness value, heat treatment, wood material
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1. Giris

Sertlik terimi “girintiye direng ve asinma veya ¢izilmeye direng” seklinde olmak {izere
iki farkli anlamda kullanilmaktadir: Girintiye direng, cogunlukla ahsabin yogunluguna bagl
olmakla birlikte, asinma nitelikleri, sertlik ve liflerin boyutu, kohezyonu ve diizeni gibi diger
faktorler tarafindan yonetilebilir. Zeminler i¢in kullanimda, baz1 ahsaplar sikisma ve piiriizsiiz
asinma egilimi gosterirken, digerleri kiymik ve piiriizlii hale gelmektedir. ikinci anlamda,
tokluk ile birlestirilmis sertlik, ahsabin asinma kabiliyetinin bir 6l¢iisiidiir ve kaldirim taglari,
ahsap zeminler, mil yataklar1 ve silindirler i¢in kullaniminda 6nemli bir husustur (Record,
1914).

Odununda shore D sertlik degeri ASTM D 2240 (2010)’a gore shore meter sertlik
cihazinda 5 kg’lik yiik kullanilarak yapilmaktadir.

Shore sertlik ile ilgili baz1 tanimlamalar (Grellmann ve Seidler, 2014) Cizelge 1°de
gosterilmektedir.

Cizelge 1. Shore sertlik ile ilgili bazi tanimlamalar (Grellmann ve Seidler, 2014)

Tiirleri Test Kuvveti / Girinti Derinligi Goriiniis Girinti Geometrisi
100 sayisi ile kuvvet F= V
altindaki penetrasyon derinligi g = . .
Shore [mm olarak] arasindaki farkin T i Guglezﬂillmls
0.025 mm o6lgek degerine H o [{ ¢
boliinmesiyle elde edilir.
lRI:l
[ = Kiiresel kapakli
Shore 0mm<h<2.5mm F'::S(I)klkr?]r::j
D ON<F<445N = Re = 1.25 mm
LR
IR. -
iA Kiiresel basliklt
Shore 0mm<h<2.5mm ] é(isbkf(r)y?r:q
30 -
AM 0.32N<F<0.76 N ' Ry = 0.79 mm
/R
AO
Shore O0mm<h<25mm ( Kiiresel
AO 0.55N<F<805N \‘\' R=25mm
r A 1 Kesik koni
Shore 0mm<h<25mm '\ 7 R=0.79 mm
A ON<F<445N Ro=1.25 mm
- R -

Ahsap 1s1l islemi, 160°C’nin lizerindeki sicakliklarda inert atmosferde gerceklestirilen ve
ahsabin boyutsal kararliliini, biyolojik dayanikliligini ve titresim 6zelliklerini 6nemli 6l¢iide
iyilestirebilen  bir ahsap modifikasyon teknolojisidir.  Ayrica, ahsabin  rengini
ayarlayabilmektedir ve ahsabi ¢evre dostu hale getirebilmektedir. Ancak, ahsabin mekanik
ozellikleri, 6zellikle egilme dayanimi ve darbe dayanimi, yiiksek sicaklik nedeniyle zayiflar.
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Hemiseliilozlarin bozunmasi, 1s1l islem gormiis ahsabin 6zelliklerini belirleyen faktordiir. Bu
da ahsabin hidrofilik gruplarint ve besin maddelerini azaltmaktadir. Ahsabin toklugunu
disiirmektedir ve parlaklik indeksini etkilemektedir (Gu ve ark., 2019).

Bu ¢alismada, gonfolo, gele kabbes, kotibé, lacewood, longhi, rubber, pyinkado, quaruba,
durian ve tulip ahsap tiirlerinde 1s1l islem sonrasi shore D sertlik 6zellikleri arastirilmistir.

2. Materyal ve Metot

100 mm x 100 mm x 15 mm olgiilerine sahip gonfolo (Qualea albiflora), gele kabbes
(Vatairea guianensis), kotibé (Nesogordonia papaverifera), lacewood (Panopsis rubellens),
longhi (Gambeya africana), rubber (Hevea brasiliensis), pyinkado (Xylia xylocarpa), quaruba
(Vochysia tomentosa), durian (Durio spp.) ve tulipwood (Dalbergia decipularis) odun tiirleri
kullanilmustir. Iklimlendirme uygulamalar1 gergeklestirilmistir (ISO 554, 1976).

Yabanci agag tiirlerine ait odun 6rnekleri, 200°C sicakliktaki 1s1l islem firininda 3 saat
siireyle 1s1l isleme tabi tutulmustur.

Shore D sertlik degerleri shore meter cihazinda 5 kg’lik yiikk uygulamali olacak sekilde
yapilmistir (ASTM D 2240, 2010) (Sekil 1). 10 dl¢iim ile deneyler tamamlanmastir.

Sekil 1. Shore meter D 6l¢iim cihazi

Bir istatistik program tarafindan standart sapmalari, maksimum ve minimum degerleri,
homojenlik gruplari, ortalamalar, varyans analizleri ve % degisimleri hesaplanmistir.

3. Bulgular ve Tartisma
Cizelge 2’de gosterilmis olan shore D sertlik degerlerine ait varyans analizi sonuglar
incelendiginde agac tiirii (A), 1s1l islem uygulamas: (B) ve etkilesim (AB) ac¢isindan

bakildiginda anlamli sekilde belirlenmistir (Cizelge 2).

Cizelge 2. Shore D sertlik degerlerine ait varyans analizi sonuglari

Varyans Kaynag Serbestlik Kareler Ortalama F 0<0.05
Derecesi Toplami Kare Degeri  |(*: Anlamli)
Agac Tiirii (A) 9 13934.225 | 1548.247 | 385.829 0.000*
Isil islem Uygulamasi (B) 1 3638.045 | 3638.045 | 906.615 0.000*
Etkilesim (AB) 9 1212.305 134.701 | 33.568 0.000*
Hata 180 722.300 4.013
Toplam 200 619567.000
Diizeltilmis Toplam 199 19506.875

Cizelge 3°de shore D sertlik degerlerine ait sonuglart sunulmaktadir. Yapilan 1s1l islem
ile biitlin ahsap tiirlerinde shore D sertlik degerleri icin azalmalarin elde edildikleri
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goriilmektedir. Bu oranlar su sekilde hesaplanmistir: gonfolo i¢in %13.51, gele kabbes i¢in
%12.46, kotibé i¢cin %7.44, lacewood i¢in %10.74, longhi i¢in %13.99, rubber i¢in %14.90,
pyinkado i¢in %43.71, quaruba i¢in %12.17, durian i¢in %11.90 ve tulipwood i¢in %8.10

(Cizelge 3).

Cizelge 3. Shore D sertlik degerlerin icin elde edilen sonuglar

sil Orta- Homojenlik
Agag Islem | Mini- | Maksi- | Degisim Grubu Standart | Varyasyon
Tiirii Uygu- | mum | mum la_lrga (%) *: En yiiksek sonug, | Sapma | Katsayist
lamasi (HD) **: En diisiik sonug
Durian |_Yek | 5300 8500 [5880 [ |\ oo H 0.63 118
Var | 46.00 | 50.00 | 47.40 L 143 3.02
Gele | Yok | 6800 [ 70.00 [69.00] |-\ A 0.67 0.97
Kabbes | Var | 56.00 | 64.00 | 60.40 : E 3.20 5.30
Gonfolo | Yok | 65,00 | 68.00 [ 6660 [ | " C 135 2.03
Var | 55.00 | 59.00 | 57.60 G 1.65 2.86
| Yok | 55.00 | 60.00 | 57.80 FG 1.48 2.55
Kotibe 152,00 | 56.00 | 5350 | +/** HI 1.72 3.21
Lacowood | Yok | 56.00 | 62.00 [5960 | | o= EF 2.50 4.20
Var | 52.00 | 54.00 | 53.20 HI 1.03 1.94
| Yok | 54.00 | 61.00 | 58.60 G 3.13 5.35
Longhi 2 T49.00 | 53.00 | 50.40 | +'3%° K 158 3.13
. Yok | 49.00 | 56.00 | 51.70 1J 2.67 5.16
Pyinkado 155 00 [ 33.00 | 29.10 | +*>7! O 300 | 1030
Yok | 41.00 | 49.00 | 45.20 M 3.01 6.66
Quaruba . 13900 | 20.00 | 39.70 | +!%7 N 0.48 122
Yok | 55.00 | 61.00 | 57.70 FG 2.87 497
Rubber I T48.00 | 51.00 | 49.10 | +'*+%° KL 1.20 2.44
Talp LYok | 690017200 [7040] o A* 1.07 153
Var | 63.00 | 66.00 | 6470 | D 1.25 1.93
Olgiim Sayist: 10

Mukavemet kaybinda yasanan durumun nedeni olarak, seliiloz ve lignine kiyasla 1stya
daha az dayanikli olan hemiselillozun parcalanmasidir. Hemiseliilozdaki degisikliklerin,
yuksek sicakliklarda isitilan ahgabin mukavemet 6zelliklerine 6nemli 6l¢iide katkida bulundugu
bildirilmistir (Hillis, 1984).

4. Sonuclar

Yapilan 200 derecede 3 saatlik 1s1l islem uygulamas ile biitiin ahsap tiirlerinde shore D
sertlik degerleri i¢in azalmalar tespit edilmistir.
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Ozet

Bu c¢alismada, ebiara (Berlinia bracteosa Benth.) odununda farkli 6zelliklerde hazirlanmis
ahsap koruyucu kimyasallarinin [mat koruyucu vernigi, yar1t mat koruyucu vernigi, tik yagi,
visne agaci reginesi ve art balmumu + Hindistan cevizli yag| uygulanmasi sonrasinda meydana
gelen baz1 optik 6zelliklerinde degisimler incelenmistir. b* parametresinde ar1 balmumu +
Hindistan cevizli yag, ahsap mat koruyucu vernigi, ahsap yar1 mat koruyucu vernigi ve tik yagi
ile yapilan uygulamalar sonrasinda azalislar bulunurken, visne agaci reginesi ile artis
belirlenmistir. Ahsap mat koruyucu vernigi, ahsap yart mat koruyucu vernigi, tik yagi, vigne
agact recinesi ve art balmumu + Hindistan cevizli yag kimyasallarinin ahsap malzeme
yiizeylerine uygulanmasi ile h® ve L* degerlerinde azaliglar, a* ve C* degerlerinde artiglar elde
edilmistir. AE* degerleri ahsap mat koruyucu vernigi ile 6.91 olarak, vigne agaci reginesi ile
9.21 olarak ve ahsap yar1t mat koruyucu vernigi ile 11.42 olarak tik yagi ile 14.67 olarak ve ar1
balmumu + Hindistan cevizli yag ile olarak 15.50 olarak hesaplanmuistir.

Anahtar kelimeler: Ebiara, mat koruyucu vernigi, yar1 mat koruyucu vernigi, tik yagi, visne
agaci recinesi, ar1 balmumu, Hindistan cevizli yag

Application of Wood Preservative Chemicals Prepared with Different Properties on
Ebiara Wood

Abstract

In this study, changes in some optical properties of ebiara (Berlinia bracteosa Benth.) wood
after the application of wood preservative chemicals prepared with different properties [matte
protective varnish, semi-matte protective varnish, teak oil, sour cherry resin and beeswax +
coconut oil] were investigated. While decreases were found in the b* parameter after
applications with beeswax + coconut oil, wood matte protective varnish, wood semi-matte
protective varnish and teak oil, an increase was determined with sour cherry resin. Decreases
in ho and L* values, and increases in a* and C* values were obtained with the application of
wood matte protective varnish, wood semi-matte protective varnish, teak oil, sour cherry resin
and beeswax + coconut oil chemicals to the wood material surfaces. AE* values were calculated
as 6.91 with matt wood protective varnish, 9.21 with cherry resin, 11.42 with semi-matte wood
protective varnish, 14.67 with teak oil, and 15.50 with beeswax + coconut oil.
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Keywords: Ebiara, matt protective varnish, semi-matte protective varnish, teak oil, cherry resin,
beeswax, coconut oil

1. Giris

Ahsap, bina yapilarindan oyuncaklara, kagittan diger giinliik nesnelere kadar yasamin bir¢cok
alaninda kullanilmaktadir. Yaygin kullanimi, diinya ¢apindaki liniversitelerde yiiriitiilen bir¢ok
caligmanin konusu haline getirmis ve sonuglari, aga¢ isleme siireclerinin verimliligi tizerinde
olumlu bir etkiye sahiptir. Ahsabin anizotropik ve heterojen bir malzeme olmasi, en iyi sekilde
kullanilabilmesi igin Ozelliklerinin ayrintili olarak bilinmesini gerektirmektedir (Sierant ve
Antczak, 2020).

Ahsabin kullanimi uzun bir gelene§e dayanmaktadir ve insanligin en eski yapi
malzemelerinden biridir. Insanlarin ahsapla sicaklik, dogallik ve giivenlik gibi hisleri
iligkilendirmesi sasirtic1 degildir (Rice ve ark., 2006; Schnabel, 2009).

Ahsap koruma, ahsap veya ahsap esasli malzemelerin bozulmasini veya tahribatin1 6nleyen
veya yavaglatan tiim dnlemleri ifade etmektedir (Prieto ve Kiene, 2019).

Dekoratif amacl kullanimlar (parke, panel, mobilya vb.) ve seffaf kaplamalarla korunan dis
cephe dogramalari icin dogal ahsap ylizeylerin renk stabilizasyonu gereklidir. Ahsap yiizey
rengini stabilize eden yeni islemlerin bulunmasi, endiistride (6rnegin dogramacilikta) kolayca
uygulama alani bulacaktir. Son zamanlarda Almanya, isvigre ve Fransa'daki baz1 sirketler, daha
verimli ¢alistig1 goriilen yeni nesil UV emiciler iizerinde ¢aligmaktadir. (Ayadi ve ark., 2003).
Balmumu, iiretiminde veya kullaniminda herhangi bir sorun yaratmayan yenilenebilir bir
kaynaktir. Organik ¢oziiciiler uygulama sirasinda saglik riski olusturur ve hatta uygulamadan
kisa bir siire sonra i¢ mekan ortaminda sorunlara neden olabilir. Islenmis malzemelerin yeniden
kullanimi, geri doniistimii, enerji geri donilisiimii ve kompostlama veya atik bertarafi herhangi
bir sorun yaratmaz (Berge, 2009).

Leguminosae, yaklasik 730 cins ve yaklasik 19.300 tiir igeren diinyanin Giglincii bityiik bitki
ailesidir. Tir sayis1 goz oniine alindiginda, yaklasik 170 cinste yaklasik 2.250-3.000 tiir igeren
Caesalpinioideae, baklagil ailesinin genellikle alt bolimlere ayrildig: ii¢ alt ailenin ikinci en
biiytigiidiir. Caesalpinioideae 6zellikle Giiney Amerika, tropikal Afrika ve Giineydogu Asya’da
bol miktarda bulunmaktadir (Heywood, 1978; Polhill ve Raven, 1981; De la Estrella ve ark.,
2006).

Berlinia, kapali tohumlular familyasi Leguminosae’nin bir iiyesidir. ilk olarak 1849 yilinda
Hooker ve Bentham tarafindan ii¢ farkli koleksiyondan (Smeathmann s.n., Ansell s.n. ve
Heudelot 1886) tanimlanmistir ve bu koleksiyonlar tek bir tiire (B. acuminata Sol. ex Hook.f.
& Benth.) atfedilmistir. Berlinia’nin giiniimiizde kabul edilen dar sinirlari, Leonard (1957)
tarafindan Harms’in Euberlinia ve Macroberlinia kesitlerine dayanarak olusturulmustur. Cins,
Caesalpinioideae’nin Detaricaec sensu lato kabilesine aittir ve Bati Afrika’da 10 tiirden
olusmaktadir, sekizi Nijerya’da bulunmustur (Hutchinson ve Dalziel, 1958; Keay, 1989;
Soladoye ve Lewis, 2003; Ayodele ve Yang, 2012; Chukwuma ve ark., 2016).

Bu agag tiiriine ait odunu dayaniklilik, yogunluk ve kullaniglilik agisindan genel olarak beyaz
meseye (Quercus alba) benzemektedir. Zarif i¢ mekan dogramalarinda kullanilabilen, ¢ekici ve
dekoratif bir sert agactir. Kabuktaki yaralardan beyaz regine sizdigi bildirilmistir (Allen ve
Allen, 1981).

Bu ¢aligmada, ebiara odununda farkli 6zelliklerde hazirlanmig ahsap koruyucu kimyasallarinin
uygulanmas1 sonrasinda meydana gelen bazi optik 6zelliklerinde degisimler arastirilmistir.

2. Materyal ve Metot
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Bu ¢alismada, ebiara (Berlinia bracteosa Benth.) odunu kullanilmistir. 100 mm x 100 mm x 20
mm boyutlarinda hazirlanmistir. Ornekler iizerinde iklimlendirme islemleri gerceklestirilmistir
(I1SO 554, 1976).

Deneysel tasarim asagidaki sekilde olusturulmustur:

Kontrol grubu: Herhangi bir uygulama yapilmamis 6rneklerden olugsmaktadir.

Vigne agaci recinesine ait koruyucu sivi: Vigne agaci reginesi sicak suda kaynatilarak elde
edilmis ve firca yardimiyla ahsap yiizeylere tek kat olarak uygulanmistir. Uygulamanin
ardindan 6rnekler, oda kosullarinda 24 saat siireyle kurutulmustur.

Mat ahsap vernigi: Alkid esasli ve seffaf yapidadir. 24 saat arayla iki kat olarak uygulanmus,
tek katta 1 litre ile 10-28 m? alan kaplanmistir.

Yar1 mat ahsap vernigi: Alkid esaslh ve seffaftir. 24 saat arayla iki kat uygulanmais, tek katta 1
litre ile 12-18 m? alan kaplanmustir.

Tik yag1: Tek bilesenli, seffaf ve sentetik recine esaslidir. Tek katta 1 litre ile 16-88 m? alan
kaplanmaigtir.

Vernikleme islemleri, ASTM D3023-98 (2017) standardina uygun olarak gerceklestirilmistir.
Uygulama oncesi ve sonralarina ait yiizeyler iizerinde yapilan renk degisimleri CS-10 cihazinda
(ASTM D 2244-3, 2007) belirlenmistir. Asagidaki formiiller ile toplam renk farkliliklari
hesaplanmastir.

AH* = [(AE%)2 - (AL*)2 - (ACH?°S (1)
Aa* = (a* yiizey koruyucu ile kaplanmis ahsap deney 6megi) - (a* islem gérmemis) (2)
AL* = (L* yiizey koruyucu ile kaplanmis ahsap deney 6megi) - (L* islem gijrmemi§) (3)

C* = [(@) + (B*)1°° @)
AE* = [(AL*)? + (Aa*)? + (Ab*)1°° 5)
AC* = (C* yiizey koruyucu ile kaplanmis ahsap deney 6rnegi) - (C* islem gérmemi§) (6)
h® = arctan (b*/a*) (7

Ab* = (b* yiizey koruyucu ile kaplanmis ahsap deney 6megi) - (b* islem gérmemis) (8)
AL*, Aa*, Ab* ve AC* degerlerine ait tanimlamalar (Lange, 1999) Cizelge 1’de sunulmustur.

Cizelge 1. AL*, Aa*, Ab* ve AC* degerlerine ait tamimlamalar (Lange, 1999)

Parametre Pozitif durumda Negatif durumda
AC* Referansa gore, daha net ve daha parlak Mat, referansa gore daha bulanik
Aa* Referansa gore daha kirmizi Referansa gore daha yesil
Ab* Referansa gore daha sar1 Referansa gore daha mavi
AL* Referansa gore daha acgik Referansa gore daha koyu

AE* kiyaslama kriterleri (DIN 5033, 1979) Cizelge 2’de verilmistir.

Cizelge 2. AE* i¢in kriterler (DIN 5033, 1979)

AE* degeri Gorsel fark AE* degeri Gorsel fark

<0.20 Algilanamaz 3.00ila 6.00 Cok belirgin
0.20ila 0.50 Cok zayif 6.00 ila 12.00 Giiglii
0.50 ila 1.50 Zay1if >12.00 Cok giiclii
1.50la 3.00 Belirgin

Bir istatistik programi ile en diisiik ve en yiiksek Ol¢limlere ait veriler, varyans analizleri,
ortalamalar, standart sapma, % degisim oranlar1 ve homojenlik gruplar1 hesaplanmistir.

3. Bulgular ve Tartisma
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%10.45, %12.44 ve %8.12) artiglar tespit edilmistir (Cizelge 3).

Renk parametrelerine ait varyans analizi sonuglar1 Cizelge 4’de verilmistir. Biitiin renk
parametreleri {izerinde ahsap koruyucu kimyasal tiiri anlamli olarak tespit edilmistir (Cizelge

4).

parametrelerine ait belirlenmis Ol¢iim sonuglar1 Cizelge 3’de sunulmaktadir. b*
parametresinde ar1 balmumu + Hindistan cevizli yag ile %23.31, ahsap mat koruyucu vernigi
ile %3.30, ahsap yart mat koruyucu vernigi ile %14.10 ve tik yag1 ile %22.91 oranlarinda
azaliglar bulunurken, visne agaci reginesi ile %0.97 oraninda artis elde edilmistir. Ahsap mat
koruyucu vernigi, ahsap yart mat koruyucu vernigi, tik yagi, visne agaci reginesi ve ari
balmumu + Hindistan cevizli yag kimyasallarinin ahsap malzeme yiizeylerine uygulanmasi ile
h® degerlerinde (siras1 ile %9.10, %22.57, %35.78, %12.97 ve %34.00) ve L* degerlerinde
(swrast ile %13.34, %20.98, %24.94, %16.89 ve %27.70) azalislar, a* degerlerinde (sirast ile
%13.22, %27.18, %45.65, %26.38 ve %40.07) ve C* degerlerinde (sirasi ile %4.02, %5.27,

Cizelge 3. Renk parametrelerine ait belirlenmis 6l¢iim sonuglari
Ahgap Homojenlik
Test K(_)ruyucu Mini- | Maksi- | Orta- | Degisim Grubu Standart | Varyasyon
Kimyasal mum mum lama (%) En yiiksek sonug,| Sapma Katsayist
Tird En diisiik sonug
w1 49.24 | 4954 | 49.39 - A* 0.08 0.17
W2 4221 | 43.07 | 4280 | |13.34 B 0.30 0.71
L* W3 37.83 | 39.64 | 39.03 | ]20.98 D 0.51 1.32
W4 36.84 | 37.62 | 37.07 | |24.94 E 0.22 0.59
W5 4022 | 4187 | 4105 | |16.89 C 0.70 1.71
W6 35.13 | 36.24 | 35.71 | |27.70 F=* 0.42 1.17
W1 14.87 15.38 15.05 - E** 0.15 0.98
W2 16.26 17.68 17.04 113.22 D 0.42 2.45
a* W3 18.79 | 19.39 | 19.14 | 127.18 C 0.21 1.10
W4 2145 | 2224 | 21.92 | 145.65 A* 0.22 1.01
W5 18.72 | 1935 | 19.02 | 12638 C 0.20 1.04
W6 2006 | 2191 | 21.08 | 140.07 B 0.64 3.02
W1 17.30 17.93 17.59 - A 0.19 1.09
W2 16.16 | 1761 | 17.01 13.30 B 0.47 2.75
b W3 13.89 | 1593 | 1511 | |14.10 C 0.55 3.67
w4 1339 | 13.80 | 1356 | |22091 D 0.16 1.21
W5 17.47 18.13 17.76 10.97 A* 0.22 1.25
W6 12.92 14.41 13.49 123.31 D** 0.48 3.57
w1 2288 | 2348 | 23.15 - E** 0.21 0.91
W2 22.93 | 2466 | 24.08 14.02 D 0.51 2.13
C W3 23.85 | 2493 | 24.37 15.27 D 0.37 1.52
W4 2393 | 26.04 | 2557 | 11045 B 0.62 2.41
W5 2561 | 2629 | 26.03 | 11244 A* 0.21 0.80
W6 2386 | 26.22 | 25.03 18.12 C 0.78 3.13
w1 49.04 | 49.85 | 49.44 - A* 0.29 0.59
W2 4357 | 46.46 | 44.94 19.10 B 0.85 1.90
ho W3 35.61 | 39.83 | 38.28 | [22.57 D 1.14 2.97
W4 3133 | 3216 | 31.75 | |35.78 e 0.32 1.00
W5 42.19 43.61 43.03 112.97 C 0.47 1.10
W6 32.20 | 33.33 | 32.63 | [34.00 E 0.32 0.97

W1: Kontrol (verniksiz), W2: Ahsap mat koruyucu vernigi, W3: Ahsap yar1 mat koruyucu vernigi,
W4: Tik yag1, W5: Visne agaci reginesi, W6: Ar1 balmumu + Hindistan cevizli yag,
Olglim Sayist: 10

Cizelge 4. Renk parametrelerine ait varyans analizi sonuglari

Test Varyans Kaynag! Kareler Serbestlik Ortalama F . p=<0.05
Toplami Derecesi Kare Degeri (*: Anlamli)
Koruyucu Kimyasal Tiirii | 1208.835 5 241.767 | 1346.186 0.000*
L* Hata 9.698 54 0.180
Toplam 101302.671 60
Diizeltilmis Toplam 1218.533 59
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Koruyucu Kimyasal Tiirii| 321.795 5 64.359 525.878 0.000*
a* Hata 6.609 54 0.122
Toplam 21705.851 60
Diizeltilmis Toplam 328.403 59
Koruyucu Kimyasal Tiirii | 192.850 5 38.570 265.709 0.000*
b* Hata 7.839 54 0.145
Toplam 15091.054 60
Diizeltilmis Toplam 200.689 59
Koruyucu Kimyasal Tiirii 55.106 5 11.021 44.569 0.000*
C* Hata 13.353 54 0.247
Toplam 36683.246 60
Diizeltilmis Toplam 68.460 59
Koruyucu Kimyasal Tiirii | 2481.784 5 496.357 | 1177.209 0.000*
ho Hata 22.768 54 0.422
Toplam 98556.559 60
Diizeltilmis Toplam 2504.552 59

Toplam renk farkliliklarina ait sonuglar1 Cizelge 5’de sunulmustur. AE* degerleri ahsap mat
koruyucu vernigi ile 6.91 olarak, visne agaci reginesi ile 9.21 olarak ve ahsap yar1 mat koruyucu
vernigi ile 11.42 olarak bulunmustur. Bu degerler ile “giiclii (6.00 ila 12.00)” kriteri elde
edilmistir. Buna ek olarak, AE* degerleri tik yag1 ile 14.67 olarak ve ar1 balmumu + Hindistan
cevizli yag ile olarak 15.50 olarak elde edilmistir. Bu sonuglar neticesinde “cok gii¢lii (>
12.00)” seklinde kriterin elde edildigi goriilmiistiir (Cizelge 5).

Cizelge 5. Toplam renk farkliliklarina ait sonuglari

Ahsap Renk
Koruyucu AL* Aa* Ab* AC* AH* | AE* Kriteri
Kimyasal v v v v v v (DIN 5033,

Tiirii 1979)

Ahsap -6.59 1.99 -0.58 0.93

mat Referansa | Referansa | Referansa | Referansa
Koruyucu gore gore gore gore, 185 | 6.91
vernigi daha daha dahq daha net ve
koyu kirmizi mavi daha parlak
-8.34 3.97 0.17 2.88

Visne Referansa | Referansa | Referansa | Referansa Giglii

agact gore gore gore gore, 275 | 9.24 (6.00 ila

reginesi daha daha daha daha net ve 12.00)

koyu kirmizi sarl daha parlak

Ahgap -10.37 4.09 -2.47 1.22

yart Referansa | Referansa | Referansa | Referansa
mat gore gore gore gore, 4.62 | 11.42
koruyucu daha daha daha daha net ve
vernigi koyu kirmizi mavi daha parlak
-12.33 6.87 -4.03 2.42
Ti Referansa | Referansa | Referansa | Referansa
ik . . . -
- gore gore gore gore, 7.58 | 14.67
yagt daha daha daha daha net ve
koyu kirmizi mavi daha parlak Cok giiclii
Arn -13.68 6.03 -4.09 1.88 (> 12.00)
balmumu + | Referansa | Referansa | Referansa | Referansa
Hindistan gore gore gore gore, 7.04 | 15.50
cevizli daha daha daha daha net ve
yag koyu kirmizi mavi daha parlak

4. Sonuclar
Calismada kullanilan ahsap mat koruyucu vernigi, ahsap yart mat koruyucu vernigi, tik yagi,

visne agaci reginesi, art balmumu + Hindistan cevizli yag kimyasallarinin ahsap malzeme
lizerinde renk degistirici etkide bulunduklar1 goriilmiistiir.
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Ozet

Bu c¢alismada, 212 derecede 2 saat siire ile 1sil iglem gormiis ve goérmemis korina
odununda renk degistirme amagl hazirlanmis 2 farkli ¢ézeltinin (kahve + sirke ve gomalak +
ispirto) uygulanmasi sonrasinda meydana gelen renk parametrelerindeki degisimler
aragtirllmistir. Isil islemsiz Orneklerde hazirlanan c¢ozeltilerle L* degerlerinde azalislar
bulunurken, b*, C* ve a* degerlerinde artislar belirlenmistir. Buna ek olarak bu 6rnek grubunda
h® parametresinde kahve + sirke karisimina ait ¢ozelti ile artig goriiliirken, gomalak + ispirto
karisimina ait ¢ozelti ile azalis tespit edilmistir. Isil islemli 6rnekler tizerinde ise a*, b*, C* ve
L* degerlerinde kahve + sirke karisimina ait ¢ozelti ile azalis bulunurken, gomalak + ispirto
karigimimna ait ¢Ozelti ile artis tespit edilmistir. Buna ek olarak bu ornek grubunda h°
parametresinde her iki ¢ozelti ile artiglar elde edilmistir.

Anahtar Kelimeler: Sirke, gomalak cilasi, atik kahve tozu, karbonat, renk degisimi,
korina odunu.

A Study on Different Applications for Color Changing in Korina Wood
Abstract

This study investigated the changes in color parameters following the application of two
different solutions (coffee + vinegar and shellac + spirit) prepared for color change on both
heat-treated and untreated korina wood for 2 h at 212 degrees Celsius. While L* values
decreased with the prepared solutions in non-heat-treated samples, b*, C*, and a* values
increased. Additionally, in this sample group, the h° parameter increased with the coffee +
vinegar solution, while a decrease was observed with the shellac + spirit solution. In the heat-
treated samples, a*, b*, C*, and L* values decreased with the coffee + vinegar solution, while
an increase was observed with the shellac + spirit solution. Additionally, increases in the h°
parameter were observed with both solutions in this sample group.

Keywords: Vinegar, shellac polish, waste coffee powder, baking soda, color change,
korina wood.
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1. Giris

Ahsap, antik ¢aglardan beri insanligin en yaygin kullandig1 yenilenebilir kaynaklardan
biridir. Ahsabin fiziksel ve mekanik 6zelliklerinin bilinmesi, endiistriyel siire¢leri optimize
etmek ve pazar taleplerini karsilayacak giderek daha iyi ahsap bazli malzemeler elde etmek icin
gereklidir (Simon ve ark., 2016).

Terminalia Superba, Combretaceae familyasindan biiyiik bir agagtir ve Bati1 Tropikal
Afrika’ya 6zgidiir (Burkill, 1985; Olayode, 2016).

Bat1 Afrika’da Benin, Gana, Fildisi Sahili, Gine-Bissau, Liberya, Gine, Nijerya ve Sierra
Leone’de bulunmaktadir. Dogal dagilim alaninin disinda, Tanzanya, Zimbabve, Madagaskar,
Malezya, Filipinler, Fiji, Avustralya ve Arjantin gibi bir¢ok tropikal iilkede umut vadeden bir
kereste plantasyonu tiirii olarak dikildigi bildirilmistir (Kimpouni, 2009; Asomaning, 2020).

Genellikle kara korina olarak adlandirilirken, Nijerya’daki yerel isimleri afara (yoruba)
ve baushe’dir (hausa). Nispeten genis bir yelpazede kagit hamuru iiretme kabiliyeti sunarak
kagit yapiminda potansiyel bir 6neme sahip oldugu sdylenmistir (Dupuy ve Mille, 1993;
Olayode, 2016).

Bu agag, yillik ortalama yagis 1500 mm’yi asan ve dort aydan az bir kurak mevsimde
ikincil tropik yar1 yapraginit doken ormanlari temsil etmektedir (Orwa ve ark., 2009).

Bu agaca ait odununda genellikle hem 6z odun hem de diri odun, acik mese agacina
benzer sekilde agik gri-beyazdan soluk krem-kahverengiye kadar degisen bir renktedir. Ancak
bazen 6z odun, neredeyse siyah olabilen ¢izgilerle diizensiz grimsi lekeler icermektedir. Bu
odun ekstra bir fiyat getirebilmektedir. Bu lekelerin nedeninin tam olarak anlagilamadigi
bildirilmistir (Record, 1929; Normand, 1947; Gerry, 1950).

Ahsabi i¢ dogramacilik, kapi direkleri ve panelleri, kaliplar, mobilyalar, ofis donanimlari,
kasalar, kibritler ve 6zellikle kaplama ve kontrplakta degerlidir. Hafif insaat, hafif doseme,
gemi yapimi, miizik aletleri, sunta, sunta ve kagit hamuru i¢in uygun odlugu bildirilmistir
(Groulez ve Wood, 1985; Asomaning, 2020).

Bu agacin odununun kullanim alanlarina bakildiginda; cok amagli kontrplak tiretiminde,
ic ve dis mekanlarda evlerin yapiminda, parke zeminlerde (Jansen, 1974) degerlendirildigi
bildirilirken, bagka bir literatiir bilgisine gore ise mobilya ve dolap isleri i¢ dograma, gergeve
ve kaplamalar, paneller, kaplamalar ve pervazlar, doner ve dekoratif kaplama ve kontrplak
(Oteng-Amoako, 2006) alanlarinda kullanildig: bildirilmistir.

Bu agag tiirii, Afrika’da geleneksel sifacilar tarafindan diyabet hastalig1 i¢in tedavi olarak
kullanilan bir bitkidir. Giiney Senegal’deki Sotho halki, bu bitkinin toz haline getirilmis gévde
kabugunu diyabete kars1 kullandig1 bildirilmistir. Nijer ve Mali’de bu bitki hepatit tedavisinde
kullanildig1 da sdylenmistir (Ajanohoun ve ark., 1979; 1980; Wansi ve ark., 2007).

Bu agag tiiriine ait odununda, radyal yonde daralma %4.40 ve teget yonde daralma %5.40
(Kukachka, 1970), shore D sertlik degeri 35.30 HD (Esteves ve ark., 2021), ekstraksiyon suda
%4.80, pentozan %15.50, lignin %29.00, seliiloz %43.00, kiil miktar1 %0.87, silika %0.009 ve
ekstraksiyon ethanolde %2.61 (Gérard ve ark., 2019), selillozu %44.20, etanol - benzen
¢oziiniirliglini %3.40, pentozani %16.40, kil miktarin1 %3.10, sicak su ¢ozliniirliigiini %3.40,
lignini %29.20 (Savard ve ark., 1960), egilme direnci 60.215 N/mm?, elastikiyet modiilii 28205
N/mm? ve liflere paralel ¢ekme direnci 33.036 N/mm? (Keskin ve Colakoglu, 2006), T/R
anizotropi orani 1.40, 1s1 iletkenlik degeri 0.19 W/(m.K) (Guibal ve ark., 2017), deniz suyunda
1 yil siire ile bekletildikten sonra meydana gelen agirlik kayb1 %33.12 (Sen ve Yalgin, 2010)
olarak bulunmustur.

Bu calismada, 1s1l islem gormiis ve gormemis korina odununda renk degistirme amach
farkli uygulamalar (hazirlanmis 2 farkli ¢zelti: kahve + sirke ve gomalak + ispirto) yapilmis
sonrasinda ise meydana gelen renk parametrelerindeki degisimler incelenmistir.
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2. Materyal ve Metot

Bu ¢alismada, korina (Terminalia superba Engl. et Diels) odununa ait olan 1si1l islemli ve
islemsiz deney &rnekleri 100 mm x 100 mm x 20 mm boyutlarinda hazirlanmistir. Ornekler
iizerinde iklimlendirme islemleri gergeklestirilmistir (ISO 554, 1976).

Deneysel tasarim su sekilde olusturulmustur:

A1l: Kontrol deney 6rnegi (herhangi bir yiizey islemi yok).

A2: Kontrol deney 6rnegi yiizeylerine ¢ozelti [su (250 ml) + atik kahve tozunun (100 g)
+ nar sirkesi (50 ml) karisiminin 10 dakika siire ile kaynatilmasi ile hazirlanmis] uygulanmis
hali.

A3: Kontrol deney 0rnegi yiizeylerine 5 defa gomalak (100 ml gomalak + 100 ml ispirto
karisimi) cilasi uygulanmis deney 6rnegi.

A4: 200°C’de 2 saat siire ile 1s1l islemli olan deney 6rnegi (herhangi bir yiizey islemi yok).

A5: 200°C’de 2 saat siire ile 1s1l islemli deney 6rnegi yiizeylerine ¢ozelti [su (250 ml) +
atik kahve tozunun (100 g) + nar sirkesi (50 ml) karisiminin 10 dakika siire ile kaynatilmasi ile
hazirlanmis] uygulanmis hali.

AB: 200°C’de 2 saat siire ile 1s1l islem gormiis deney 6rnegi yiizeylerine 5 defa gomalak
(100 ml gomalak + 100 ml ispirto karisimi) cilast uygulanmis hali.

Uygulama 6ncesi ve sonrasi yiizey renk degisimleri, bir renk cihazi ve ASTM D 2244-3
(2007) standardi ile belirlenmistir. AC* parametresi renk doygunlugundaki farki, AH* ise ton
veya golge farkliligini ifade etmektedir (Lange, 1999). Toplam renk farklar1 agsagidaki formiiller
ile hesaplanmustir.

AC* = (C* islem gérmﬁ$) - (C* islem g('irmemis) (1)
AE* = [(AL¥)? + (A2*)? + (AD*)]° 2)
h° = arctan (b*/a*) (3)
AH* = [(AE*)? - (AL*)2 - (AC*)°S (4
Aa* = (a* islem gérmﬁ@) - (a* islem gérmemis) (5)
C* = [(@*) + (b*)]°° (6)
AL* = (L* islem gérmiis,) - (L* islem gérmemis) (7)
Ab* = (b* islem gfirmii@) - (b* islem gérmemis) (8)

Cizelge 1°de Jirous$ ve Ljuljka, (1999)’ya gore renk degisim aralig1 hakkinda ve Aa*, AL*,
Ab* ve AC* degerleri igin (Lange, 1999) bazi 6nemli bilgiler verilmistir.

Cizelge 1. Renk parametreleri ile ilgili 6nemli bilgiler

AL*, Aa*, | Parametre Pozitif durumda Negatif durumda
Ab* Ab* Referansa gore daha sar1 Referansa gore daha mavi
ve AC* Aa* Referansa gore daha kirmizi Referansa gore daha yesil
(Lange, AC* Referansa gore, daha net ve daha parlak | Mat, referansa gore daha bulanik
1999) AL* Referansa gore daha agik Referansa gore daha koyu
Jirous ve | AE* arah@ | Renk degisim tahmini | AE* arahg Renk degisim tahmini
Ljuljka, <0.20 Anlagilamaz 3.00-6.00 Cok belirgin
(1999) 0.20 - 0.50 Cok hafif 6.00 - 12.00 Yogun
renk 0.50-1.50 Hafif >12.00 Cok yogun
aralig 1.50 - 3.00 Belirgin

Bir istatistik programinin kullanilmasi tarafindan standart sapma, en diisiik ve en yiiksek
Olciimlere ait veriler, varyans analizleri, % degisim oranlari ortalamalar, ve homojenlik gruplari
belirlenmistir.

3. Bulgular ve Tartisma
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Renk parametrelerine ait varyans analizi sonuglar1 Cizelge 2°de gosterilmistir. Biitiin renk
parametrelerinde 1s1l islem uygulamasi (A), kimyasal uygulamasi (B) ve etkilesim (AB) anlamli
olarak elde edilmistir (Cizelge 2).

Cizelge 2. Renk parametrelerine ait varyans analizi sonuglari

Varyans Test Kareler Serbestlik | Ortalama F p<0.05
Kaynagi Toplami Derecesi Kare Degeri (*: Anlamli)
L* 8430.802 1 8430.802 | 77887.360 0.000*
isllsel:n a* 0.473 1 0.473 6.350 0.015*
Uygulamasi b* 3407.628 1 3407.628 | 24762.842 0.000*
(A) c* 2999.660 1 2999.660 | 24003.180 0.000*
h° 2275.258 1 2275.258 | 3192.309 0.000*
L* 3755.684 2 1877.842 | 17348.308 0.000*
Cozelti a* 71.082 2 35.541 476.619 0.000*
Tiri b* 72.524 2 36.262 263.513 0.000*
(B) c* 73.255 2 36.627 293.092 0.000*
h° 302.926 2 151.463 212.510 0.000*
L* 944.779 2 472.390 4364.138 0.000*
Etkilesim a* 38.515 2 19.258 258.251 0.000*
(AB) b* 198.276 2 99.138 720.423 0.000*
c* 254.491 2 127.246 1018.216 0.000*
h° 109.186 2 54.593 76.597 0.000*
L* 5.845 54 0.108
a* 4.027 54 0.075
Hata b* 7.431 54 0.138
c* 6.748 54 0.125
h° 38.487 54 0.713
L* 148986.575 60
a* 3775.270 60
Toplam b* 35916.723 60
c* 39678.202 60
h° 293977.112 60
L* 13137.110 59
iizeltilmi a* 114.098 59
D‘;Zepf;::'s b* | 3685.859 59
c* 3334.154 59
h° 2725.857 59

L* parametresine ait 0l¢lim sonuglar1 Cizelge 3’de verilmektedir. Isil islemsiz 6rnekte
kahve + sirke kullanarak hazirlanan ¢6zeltinin ve gomalak cilas1 kimyasalinin uygulanmast ile
L* parametresinde azaliglar goriilmiistir. 212°C’de 2 saat siire ile 1s1l islem gérmiis korina
odununa ait drneklerde ise, L* parametresinde kahve + sirke kullanarak hazirlanan ¢ozelti
uygulamas: ile azalislar (%20.16) belirlenirken, gomalak cilas1 kimyasalinin uygulanmas: ile
artislar (%4.86) goriilmiistiir (Cizelge 3).

Cizelge 3. L* parametresine ait §l¢lim sonuglari

) Isil Cozelti Orta- | Degisim I}I:;n"z- Standart | Mini- Maksi- |Varyasyon
Islem Tara lama (%) Grubu Sapma mum mum Katsayisi
Yok 68.61 - A* 0.18 68.36 68.92 0.26
Kontrol Kahve + sirke 42.73 | 37.72 C 0.26 42.28 43.09 0.61
Gomalak + ispirto | 66.98 | {,2.38 B 0.58 66.55 67.91 0.86
212°C'de Yok 37.65 - E 0.19 37.46 38.02 0.51
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2 saat Kahve + sirke 30.06 | \20.16 | D** 0.38 29.55 30.65 1.25

Gomalak + ispirto | 39.48 | 14.86 D 0.20 39.11 39.76 0.50
Yok: Ahsap malzeme yiizeyine herhangi bir kimyasal siiriilmemistir.

Ol¢iim Sayisi: 10, Homojenlik grubu siitunu igin *: En yiiksek sonug, En diisiik sonug

a* parametresine ait 6l¢lim sonuclar1 Cizelge 4’de sunulmaktadir. Isil islemsiz 6rnekte
kahve + sirke kullanarak hazirlanan ¢6zeltinin ve gomalak cilas1 kimyasalinin uygulanmasi ile
a* parametresinde artiglar (sirasi ile %3.23 ve %22.64 oranlarinda) belirlenmistir. Buna ek
olarak, 212°C’de 2 saat siire ile 1s1l islem gérmiis korina odununda ise, a* parametresinde kahve
+ sirke kullanarak hazirlanan ¢dzelti uygulamasi ile azalislar (%40.31) bulunurken, gomalak
cilast kimyasalinin uygulanmasi ile artiglar (%2.77) elde edilmistir (Cizelge 4).

Cizelge 4. a* parametresine ait dl¢iim sonuglari
Isil Cozelti Orta- | Degisim :,'::I‘iﬁ- Standart | Mini- | Maksi- | Varyasyon
H PrRTY o,
Islem Tiirli lama (%) Grubu Sapma | mum | mum Katsayisi
Yok 7.11 - D 0.41 6.22 7.62 5.77
Kontrol Kahve + sirke 7.34 | 13.23 D 0.16 7.10 7.65 2.18
Gomalak + ispirto | 8.72 | 1822.64 C 0.22 8.39 9.12 2.56
Yok 9.03 - B 0.26 8.67 9.43 2.93
212°C’de —r
2 saat Kahve + sirke 5.39 | 140.31 EX** 0.21 5.12 5.80 3.91
Gomalak + ispirto | 9.28 N2.77 A* 0.30 8.79 9.71 3.22
Yok: Ahsap malzeme yiizeyine herhangi bir kimyasal siirilmemistir.
Olglim Sayisi: 10, Homojenlik grubu siitunu igin *: En yiiksek sonug, En diisiik sonug

b* parametresine ait 6l¢lim sonuglart Cizelge 5°de gosterilmistir. Isil islemsiz ornekte
kahve + sirke kullanarak hazirlanan ¢zeltinin ve gomalak cilast kimyasalinin uygulanmasi ile
b* parametresinde artiglar (sirasi ile %20.10 ve %9.44 oranlarinda) elde edilmistir. Buna ek
olarak, 212°C’de 2 saat siire ile 1s1l islemli korina odununda ise, b* parametresinde kahve +
sirke kullanarak hazirlanan ¢6zelti uygulamasi ile azalislar (%13.52) belirlenirken, gomalak
cilas1 kimyasalinin uygulanmasi ile artislar (%17.08) tespit edilmistir (Cizelge 5).

Cizelge 5. b* parametresine ait 6l¢iim sonuglari

_ Isil Cozelti Orta- | Degisim ?::;iﬁ- Standart | Mini- | Maksi- | Varyasyon
Islem Tariu lama (%) Grubu Sapma mum | mum Katsayisi

Yok 27.96 - C 0.41 27.40 | 28.85 1.48

Kontrol Kahve + sirke 33.58 | 120.10 A* 0.37 33.08 | 34.26 1.11

Gomalak + ispirto | 30.60 | 1°9.44 B 0.23 30.26 | 30.94 0.74

212°C'de Yok 15.46 - E 0.27 15.16 | 15.87 1.78

2 saat Kahve + sirke 13.37 | 413.52 F* 0.61 12.49 | 14.27 4.57

Gomalak + ispirto | 18.10 | 1~17.08 D 0.12 17.91 | 18.30 0.67

Yok: Ahsap malzeme yiizeyine herhangi bir kimyasal siirilmemistir.
Ol¢lim Sayisi: 10, Homojenlik grubu siitunu igin *: En yiiksek sonug, En diisiik sonug

C* parametresine ait 0l¢clim sonuglar1 Cizelge 6’da verilmistir. Isil islemsiz 6rnekte kahve
+ sirke kullanarak hazirlanan ¢6zeltinin ve gomalak cilas1 kimyasalinin uygulanmasi ile C*
parametresinde artiglar (sirasi ile %19.17 ve %10.29 oranlarinda) tespit edilmistir. 212°C’de 2
saat siire ile 1s1l islem gormiis korina odununa ait 6rneklerinde ise, C* parametresinde kahve +
sirke kullanarak hazirlanan ¢ozelti uygulamasi ile azalislar (%19.44) goriiliirken, gomalak cilas1
kimyasalinin uygulanmasi ile artiglar (%13.41) belirlenmistir (Cizelge 6).

177



| CONFERg,
o ¥z,

MADEY,
A\
EITIEN

AVRASYA 14th INTERNATIONAL CONFERENCE ON APPLIED SCIENCES October 17-19, 2025 - TBILISI

CONFERENCE BOOK - ISBN : 978-625-5694-42-3

— ¥
Cizelge 6. C* parametresine ait §l¢lim sonuglari
Isil Cozelti Orta- | Degisim l}l::;ii- Standart | Mini- | Maksi- | Varyasyon
: TS 0,
Islem Tiird lama (%) Grubu Sapma | mum | mum Katsayisi
Yok 28.85 - C 0.44 28.32 | 29.82 1.53
Kontrol Kahve + sirke 34.38 | 1M19.17 A* 0.35 33.89 | 35.02 1.03
Gomalak + ispirto | 31.82 | 1410.29 B 0.20 31.56 | 32.13 0.64
212°C'de Yok 17.90 - E 0.23 17.47 | 18.16 1.29
2 saat Kahve + sirke 14.42 | 1 19.44 F** 0.55 13.55 | 15.22 3.78
Gomalak + ispirto | 20.30 | 1M 13.41 D 0.19 20.05 | 20.71 0.93
Yok: Ahsap malzeme yiizeyine herhangi bir kimyasal siiriilmemistir.
Ol¢iim Sayisi: 10, Homojenlik grubu siitunu igin *: En yiiksek sonug, En diisiik sonug

h® parametresine ait 6l¢iim sonuglar1 Cizelge 7°de verilmistir. Kontrol deney 6rneklerine
ait korina odununda ise, h° parametresinde kahve + sirke kullanarak hazirlanan ¢ozelti
uygulamasi ile artiglar (%2.55) belirlenirken, gomalak cilast kimyasalinin uygulanmasi ile
azaliglar (%2.15) elde edilmistir. 212°C’de 2 saat siire ile 1sil islem gormiis korina odunu
orneklerinde kahve + sirke kullanarak hazirlanan ¢ozeltinin ve gomalak cilas1 kimyasalinin
uygulanmasi ile h° degerlerinde artislar (sirasi ile %13.85 ve %5.26 oranlarinda) elde edilmistir

(Cizelge 7).
Cizelge 7. h° parametresine ait 6lglim sonuglari
H -
Isil Cozelti Orta- | Degisim j:::iﬁ Standart | Mini- | Maksi- | Varyasyon
H TS 0,

Islem Tiirii lama (%) Grubu Sapma | mum | mum Katsayisi

Yok 75.73 - B 0.75 74.79 | 77.36 0.99

Kontrol Kahve + sirke 77.66 | 12.55 A* 0.34 77.06 | 78.14 0.44

Gomalak +ispirto | 74.10 | {.2.15 C 0.44 73.24 | 74.66 0.59

212°C'de Yok 59.71 - F* 0.98 58.16 | 61.21 1.63

2 saat Kahve + sirke 67.98 | 1M13.85 D 1.37 65.90 | 69.80 2.02

Gomalak + ispirto | 62.85 | 1°5.26 E 0.76 62.05 | 64.15 1.20

Yok: Ahsap malzeme yiizeyine herhangi bir kimyasal stirilmemistir.
Olgiim Sayisi: 10, Homojenlik grubu siitunu igin *: En yiiksek sonug, En diisiik sonug

Toplam renk farkliliklarina ait sonuglar1 Cizelge 8’de sunulmustur.

Cizelge 8. Toplam renk farkliliklarina ait sonuglari

Renk
Degistirme
Isl | Cézelti aL* Aa* Db ac* AH* | AE* K{J'Itf;:‘i"
islem Tiirii v v v v v v ve
Ljuljka,
1999)
Kahve -25.88 0.24 5.62 5.53
Referansa | Referansa | Referansa | Referansa gore, Cok yogun
+ i i N 1.06 | 26.49
. gore gbre daha | gbre daha daha net ve (>12.00)
] Sirke
= daha koyu kirmizi sari daha parlak
5 Gomalak -1.63 1.61 2.64 2.97
Referansa | Referansa | Referansa | Referansa gore, Cok belirgin
+ . . . 0.87 | 3.50
ispirto goére gbre daha gore daha net ve (3.00 - 6.00)
P daha koyu kirmizi daha sari daha parlak
] -7.59 -3.63 -2.09 -3.48
T . Kahve o
. ®© Referansa | Referansa | Referansa | Mat, referansa Yogun
LS + ) _. N 4 233 | 8.67
q~ . gore gore daha | gore daha gbre daha (6.00 - 12.00)
9 Sirke . .
~ daha koyu yesil mavi bulanik
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Gomalak 1.83 0.26 2.64 2.39
Referansa | Referansa | Referansa | Referansa gore, Cok belirgin
+ . . .. 1.15 | 3.22
ispirto gore gbre daha gore daha net ve (3.00 - 6.00)
P daha acik kirmizi daha sari daha parlak

Jirou§ ve Ljuljka (1999) tarafindan belirtilen renk farki kriterleri dikkate alindiginda,
kontrol deney 6rneklerine kahve + sirke ¢ozeltisi ulamasi ile muamele edilmesi sonrasinda AE*
degeri 26.49 olarak hesaplandigi i¢in “¢cok yogun (> 12.00)” ve gomalak + ispirto ¢ozeltisi
ulamasi ile muamele edilmesi sonrasinda AE* degeri 3.50 olarak belirlendigi i¢in “gok belirgin
(3.00 - 6.00)” kriteri seklinde sonuglar bulunurken, 1s1l islem gormiis deney 6rneklerinde ise
kahve + sirke ¢Ozeltisi ulamasi ile muamele edilmesi sonrasinda AE* degeri 8.67 olarak
hesaplandig1 i¢in “yogun (6.00 - 12.00)” ve gomalak + ispirto ¢ozeltisi ulamasi ile muamele
edilmesi sonrasinda AE* degeri 3.22 olarak belirlendigi i¢in “gok belirgin (3.00 - 6.00)” kriteri
seklinde sonuglara ulagilmistir (Cizelge 8).

Ayata ve Camlibel, (2024) tarafindan yapilan ¢alismada da kullanilan kahve tozu + sirke
karisimina ait ¢ozeltilerin ahsaba ait olan renk parametrelerini degistirdigi rapor edilmistir.

4. Sonuclar

Bu calismada, 212 derecede 2 saat siire ile 1s1l islem gormiis ve gdrmemis korina
odununda renk degistirme amagli hazirlanmis olan 2 farkli ¢6zeltinin (kahve + sirke ve gomalak
+ ispirto) uygulanmasi sonrasinda meydana gelen renk parametrelerindeki degisimler
incelenmis olunup, dlgiimler sonrasinda renk parametrelerinde degisimlerin oldugu sonucuna
varilmistir.
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Ozet

Bu calismada, pericopsis (Pericopsis mooniana) odununda tek ve ¢ift komponentli ahsap
agartict kimyasallarinin bazi ylizey 6zellikleri lizerine etkileri arastirilmistir. Yapilan agartma
uygulamalari ile tek komponentli kimyasal tarafindan her iki yondeki WI* degerleri, L* ve a*
degerlerinde azalmalar tespit edilirken, h°, b* ve C* parametrelerinde artiglar belirlenmistir.
Cift komponentli kimyasal tarafindan ise her iki yondeki WI* degerlerinde, b*, C*, h® ve L*
degerlerinde atislar elde edilmistir. Ayrica, a* degerinde azalislar goriilmiistiir. Her iki agartma
uygulamalarinda kullanilan kimyasallarin parlaklik degerleri tizerinde 6lgiilen L y6nde 20°
parlaklik testi hari¢ hepsinde azaltict etkiler sagladigi tespit edilmistir. AE* degerleri tek
komponentli agartma kimyasali tarafindan 1.75 ve ¢ift komponentli agartma kimyasali
tarafindan 12.19 olarak belirlenmistir.

Anahtar kelimeler: Pericopsis, Pericopsis mooniana, agartma, renk, parlaklik, beyazlik
indeksi

Effects of Some Bleach Chemicals on Surface Properties of Pericopsis Wood
Abstract

In this study, the effects of single- and two-component wood bleaching chemicals on some
surface properties of pericopsis (Pericopsis mooniana) wood were investigated. With the
bleaching applications, decreases were detected in the WI* values, L* and a* values in both
directions by the single-component chemical, while increases were determined in the h°, b* and
C* parameters. By the two-component chemical, hits were obtained at WI* values, b*, C*, h°
and L* values in both directions. Additionally, decreases were observed in the a* value. It was
determined that the chemicals used in both bleaching applications provided reducing effects on
the brightness values in all except the 20° brightness test measured in the L direction. AE*
values were determined as 1.75 by the single-component bleaching chemical and 12.19 by the
two-component bleaching chemical.

Key words: Pericopsis, Pericopsis mooniana, bleaching, color, brightness, whiteness index
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1. Giris

Bir aga¢ hiicresinin (veya bir agac lifinin) ana bilesenleri seliiloz, hemiseliiloz ve lignindir.
Odun lifi terimi olgun, tam gelismis bir agac hiicresini belirtmek i¢in kullanilmaktadir. Seliiloz,
glikoz birimlerinden olusan dogrusal, kristalimsi bir homopolisakkarittir; hemiseliilozlar ise
ksiloz, mannoz ve glikoz gibi farklt monomerik sekerlerden olusan dallanmis, amorf
heteropolisakkaritlerdir. Sert aga¢ hemiseliilozlarinin yapis1 ve monomerik seker bilesimi
yumusak aga¢ hemiseliilozlarindan farklidir. Ahsap tipik olarak yaklasik %40-45 seliilloz ve
%20-30 hemiseliiloz igermektedir. Bu polisakkaritler esas olarak ahsap hiicre duvarlarinda
destekleyici malzeme goérevi gormektedir (Widsten, 2002).

Agartma maddeleri camasir yikama tekniklerinin temel bilesenleridir. Mevcut endiistriyel
camagir yikama teknikleri, mikroorganizmalar1 azaltmaktadir ve fiziksel, kimyasal ve termal
islemler yoluyla temizlige ulasarak hijyenik agidan temiz saglik tekstilleri tiretmektedir
(Sehulster, 2015; Kulkarnive ark., 2024).

Literatiirde cesitli agac tiirlerine agartma uygulamalarinin yapildigir goriilmektedir. Ama
Pericopsis mooniana agag tiiriine bir agartma uygulamasinin yapilmadigi belirlenmistir. Bu
agac tlirti hakkinda kisaca bilgi vermek gerekirse;

Endonezya’da yaklasik 4000 agac tlirii bulunmaktadir ve tiirlerin %10’u ticari ahsap olarak
siniflandirilmaktadir. Tiirlerden biri Giineydogu Sulawesi’ye 6zgli kayu kuku’dur (Pericopsis
mooniana Thwaites). Bu tiir, kesilmis kereste, kaplama, kontrplak, oyma ve mobilya i¢in
kullanilan siislii bir aga¢ olarak kabul edilmektedir (Kinho ve ark., 2023)

Genellikle nedun agaci olarak adlandirilan Pericopsis mooniana (Thwaites), Leguminosae
ailesine aittir ve Sri Lanka’ya 6zglidiir. Endonezya, Malezya, Palau, Papua Yeni Gine, Filipinler
vb. Gliney Dogu Asya iilkelerine yayilmistir. Nedun, istenen yliksek kaliteli mobilya ahgabi
nedeniyle aga¢ bahcgelerinin ova yamaglarinda ve tepelerinde koyliiler tarafindan yaygin olarak
saha dis1 olarak ekilmistir (Ashton ve ark., 1997).

Bu agag tiirii, Sumatra, Kalimantan ve Papua gibi ¢esitli bolgelerde, 6zellikle de Lamedae Doga
Rezervi’nin smirlt bir boliimiinde bulunan Sulawesi’de de bulunmaktadir. Bu agacin bir¢ok
Gilineydogu Asya iilkesinde genis bir dagilim alanina sahip oldugunu belirtilmistir (Jansen ve
ark., 1993; Alfaizin, 2020).

Diri odun ve 6z odunun kolaylikla ayirt edilebildigi bu ¢ok amacl agag tiirii, tik agacinin yerine
bile kullanilmaktadir. Ancak kaynagin ¢ogunlukla dogal ormanlar olmasi nedeniyle odunun
temini oldukga sinirli oldugu bildirilmistir (Soerianegara ve Lemmens, 1994; Anoop ve ark.,
2016). Ahsabmin dekoratif ¢izgiler seklinde desenlere sahip, piiriizsiiz ve parlak bir ahsap
yiizeye sahip olmasi, bu ahsab1 diinya pazarinda oldukg¢a pahali hale getirmektedir (Suhartati,
2015; Husna ve ark., 2020).

Bu ¢aligsmada, pericopsis odununda tek ve ¢ift komponentli ahsap agartict kimyasallarinin bazi
ylizey Ozellikleri lizerinde olusturdugu etkileri aragtirilmistir.

2. Materyal ve Metot

Iklimlendirme uygulamalarina sahip (ISO 554, 1976) 100 mm x 100 mm x 15 mm boyutlarinda
hazirlanmis pericopsis (Pericopsis mooniana) odunu bu ¢alismada segilmistir.  Cift
komponentli [hidrojen peroksit (H202): ve sodyum hidroksit (NaOH), 2:1 oran] ve tek
komponentli [oksalik asit: CoH2O4] kimyasallar kullanilmistir. Bu ¢alismada, beyazlik indeksi
(WI*) (ASTM E313-15el, 2015), parlaklik degerleri (ISO 2813, 1994) ve renk degisimleri
Ol¢iilmiistiir (ASTM D 2244-3,2007). Toplam renk farkliliklar1 belirlenmistir.

h° = arctan (b*/a*) 1)
C* = [(a%)? + (b*)°° )
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Aa* = (a*islem g6rmiis = a* kontrol)

Ab* = (b*islem gormiis = b* kontrol)

AH* = [(AE*)Z _ (AL*)2 _ (AC*)2]0'5
AC* = (C*islem gOrmiis ~ C*kontrol)

AE* = [(AL*)? + (Aa*)* + (Ab*)7]%®

AL* = (L*islem gormiis = L* kontrol)

Cizelge 1. Bazi renk parametreleri ile ilgili tanimlamalar (Lange, 1999)

Parametre (referansa kiyasla) — Pozitif durumda Negatif durumda
AL* Daha agik Daha koyu
Aa* Daha kirmiz1 Daha yesil
Ab* Daha sar1 Daha mavi
AC* Daha net, daha parlak Mat, daha bulanik

AE* i¢in kiyaslama kriterleri (DIN 5033, 1979) Cizelge 2’de verilmistir.

Cizelge 2. AE* icin kiyaslama kriterleri (DIN 5033, 1979)

Renk farki (AE*) | Gorsel fark | Renk farki (AE*) | Gorsel fark
<0.2 Algilanamaz 3.0ila6.0 Cok belirgin
0.2ila0.5 Cok zayif 6.0ila12.0 Giiglii
05ilal15 Zayif >12.0 Cok giiclii
15ila3.0 Belirgin

(3)
(4)
(5)
(6)
(7)
(8)

Bir istatistik programu ile yiizde (%) degisim oranlar1, homojenlik gruplari, standart sapmalari,

maksimum ve minimum degerleri, ortalama degerleri, varyans analizleri belirlenmistir.

3. Bulgular ve Tartisma

Varyans analizi sonuglar1 Cizelge 3’de verilmistir. L200’de parlaklik testi hari¢ biitiin testler
icin agartma kimyasali tlirli anlaml olarak elde edildigi goriilmiistiir (Cizelge 3).

Cizelge 3. Varyans analizi sonuglari

Varyans Test Kareler | Serbestlik | Ortalama F 0<0.05
Kaynagi Toplami | Derecesi Kare Degeri | (*: Anlamli)
Igiklilik (L*) 921.837 2 460.918 | 357.543 0.000*
Kirmizi (@*) renk tonu | 71.771 2 35.885 | 193.131 0.000*
= Sar1 (b*) renk tonu 74.345 2 37.173 | 107.042 0.000*
e Kroma (C*) 31.446 2 15.723 43.868 0.000*
= Ton (h°) agist 1258.061 2 629.030 | 303.877 0.000*
& [ 120° parlaklik 0.000 2 0.000
£ 160° parlaklik 3.149 2 1.574 234.845 0.000*
f 185° parlaklik 0.131 2 0.065 4.594 0.019*
g 20° parlaklik 0.043 2 0.021 4.235 0.025*
S 60° parlaklik 1.064 2 0.532 24.938 0.000*
< 85° parlaklik 3.795 2 1.897 68.122 0.000*
Beyazlik indeksi (1) 131.552 2 65.776 93.787 0.000*
Beyazlik indeksi (]]) 269.864 2 134.932 | 579.384 0.000%*

Olgiim sonuglart Cizelge 4’de gosterilmektedir. Yapilan agartma uygulamalar ile tek
komponentli kimyasal tarafindan her iki yondeki WI* degerleri, L* ve a* degerlerinde
azalmalar elde edilirken, h°, b* ve C* parametrelerinde artiglar gériilmiistiir. Her iki agartma
uygulamalarinda kullanilan kimyasallarin parlaklik degerleri tizerinde olgiilen L yonde 20°
parlaklik testi hari¢ hepsinde azaltici etkiler sagladigi belirlenmistir. Cift komponentli kimyasal
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goriilmistiir. Buna ek olarak, a* degerinde azalislar belirlenmistir (Cizelge 4).

Cizelge 4. Ol¢lim sonuglari
Test Uygulama Mini- | Maksi- | 21ama | PBISIM | e | ss | cov
mum | mum (%)

Kontrol 43.15 | 44.44 43.75 - B 0.48 | 1.09

L* | Tek komponentli | 41.41 | 43.39 42.49 12.88 C** | 054 | 127
Cift komponentli | 51.48 | 57.51 54.83 12533 | A* 183 | 3.34
Kontrol 6.36 7.57 6.88 - A* 1 035] 5.12

a* | Tek komponentli | 6.31 6.98 6.62 1378 | A 0.27 | 4.12
Cift komponentli | 2.34 | 431 3.48 149.42 | B** | 0.60 | 17.23
Kontrol 13.95 | 14.66 14.22 - C** 030 | 213

b* Tek komponentli | 14.71 | 16.29 15.40 18.30 B 043 | 2.79
Cift komponentli | 16.84 | 19.23 17.99 126.51 | A* | 0.87 | 4.86
Kontrol 15.38 | 16.60 15.86 - C** | 042 | 2.65

C* | Tek komponentli | 16.01 | 17.72 16.77 1574 | B 0.47 | 2.82
Cift komponentli | 17.30 | 19.51 18.34 115.64 | A* [ 0.82 | 4.48
Kontrol 61.64 | 65.71 64.18 - C** | 114 | 1.78

he Tek komponentli | 65.96 | 67.74 66.75 14.00 | B 0.62 | 0.93
Cift komponentli | 76.07 | 82.23 79.02 123.12 | A* | 213 | 2.69
Kontrol 0.10 0.10 0.10 - A 0.00 | 0.00

120° | Tek komponentli | 0.10 0.10 0.10 0.00 A 0.00 | 0.00
Cift komponentli | 0.10 0.10 0.10 0.00 A 0.00 | 0.00
Kontrol 0.90 1.20 1.02 - A* |0.10 | 10.13

160° | Tek komponentli | 0.20 0.30 0.23 17745 | C** | 0.05 | 21.00
Cift komponentli | 0.50 0.70 0.56 145.10 | B 0.08 | 15.06
Kontrol 0.10 0.60 0.24 - A* |0.21 | 86.07

185° | Tek komponentli | 0.10 0.10 0.10 158.33 | B** | 0.00 | 0.00
Cift komponentli | 0.10 0.10 0.10 158.33 | B** | 0.00 | 0.00
Kontrol 0.10 0.40 0.18 - A* |0.12 | 68.29

[|20° | Tek komponentli | 0.10 | 0.10 0.10 144.44 | B** [ 0.00 | 0.00
Cift komponentli | 0.10 0.10 0.10 14444 | B** | 0.00 | 0.00
Kontrol 1.00 1.60 1.36 - A* |0.22 | 15.96

||60° | Tek komponentli | 0.80 | 1.00 0.92 13235 | B | 008 | 857
Cift komponentli | 0.90 1.20 1.02 125.00 | B** | 0.10 | 10.13
Kontrol 0.80 1.30 1.02 - A* 10.21 | 21.08

||85° | Tek komponentli | 0.10 | 0.40 0.18 182.35 | C** [ 0.12 | 68.29
Cift komponentli | 0.20 0.60 0.40 160.78 | B 0.15 | 37.27

WI* Kontrol 8.00 8.30 8.12 - B 012 | 151
(1) Tek komponentli | 7.70 8.70 7.96 11.97 B** | 0.40 | 5.00
Cift komponentli | 11.10 | 14.30 12.48 153.69 | A* 1139|1113

Wi Kontrol _| 480 6.00 5.40 - B 0.49 | 9.07
A Tek komponentli | 4.00 5.30 4.66 11370 | C** | 0.59 | 12.68
Cift komponentli | 11.00 | 11.80 11.36 111037 | A* 1033 | 291

COV: Varyasyon Katsayisi, HG: Homojenlik Grubu, SS: Standart Sapma,
Olgiim Sayist: 10, Homojenlik Siitunu i¢in *: En yiiksek deger, **: En diisiik deger

Cizelge 5’de toplam renk farkliliklar1 i¢in hesaplanmis sonuclar verilmistir. AE* degerleri tek
komponentli agartma kimyasali ile 1.75 ve ¢ift komponentli agartma kimyasali ile 12.19 olarak
bulunmustur. Renk kriteri (DIN 5033, 1979) ile cizelge kiyaslandiginda, tek komponentli
“belirgin (1.5 ila 3.0)” kriteri seklinde bulunurken, ¢ift komponentli kimyasal tarafindan ¢ok

giiclii (> 12.0)” kriteri seklinde belirlendigi goriilmiistiir (Cizelge 5).
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Cizelge 5. Toplam renk farkliliklarina ait sonuglar

Agartma Renk kriteri
1 * * * * * *
Kl?gﬁah Aa AL AC Ab AH AE (DIN 5033, 1979)
-0.27 -1.26 0.90 1.18
Tek Refeﬂr ansa Refe"r ansa | Referansa gore Refeﬂr ansa Belirgin
komponentli gore gore daha net £ore 0.80 | 175 (1.5ila3.0)
daha daha ' daha ' '
. daha parlak
yesil koyu sart
-3.41 11.08 2.48 3.77
Cift Refeﬂr ansa Refe"r ansa Referansa gore Refe"r ansa Cok giicli
komponentli gore gore daha net £ore 443 | 1219 (>12.0)
daha daha ' daha '
. daha parlak
yesil acik sar1
4. Sonuglar

Calismada kullanilan agartma kimyasallarinin ahsap malzemeye ait optik o6zelliklerini
degistirdigi goriilmiistiir.
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YAPISTIRICI iLE BIRLESTiRiLMiS BAGLANTILARDA BINDiRME
BOLGESINDE TAKVIiYE METAL KULLANIMININ BAGLANTI DAYANIMINA
ETKILERININ ANALIZi
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rumeyscelk@gmail.com — 0009-0002-4232-5922
Prof. Dr. Murat Yavuz SOLMAZ

Firat Universitesi

mysolmaz@firat.edu.tr - 0000-0001-6394-0313

OZET

Yapistirict ile birlestirilen baglantilarin mekanik davranmiglari, baglantiyr olusturan
yapisan yiizeyler ile yapistirict malzemenin 6zelliklerine ve geometrik sekillerine bagli olarak
degiskenlik gostermektedir. Bu calismada, yapistirict malzeme olarak Neoxil CE 92 N8,
yapisan ve takviye elemani olarak ise yap1 ¢eligi kullanilmistir. Analizlerde, sonlu elemanlar
yontemiyle calisan ANSYS Workbench yazilimi tercih edilmistir.

Yapilan analizlerde; bindirme mesafesi (a), yapistirici kalinlig1 (n), yapisan malzeme
kalinlig1 (t) ve takviye uzunlugu (d) gibi parametrelerin baglanti dayanimina etkileri incelenmis,
elde edilen sonuglar karsilastirmali olarak degerlendirilmistir.

Anahtar Kelimeler: Basit bindirmeli baglanti, Yapistirici baglanti, Bindirme mesafesi,
Takviye uzunlugu,

ANALYSIS OF THE EFFECTS OF REINFORCEMENT METAL USAGE IN THE
OVERLAP REGION ON THE STRENGTH OF ADHESIVE-BONDED JOINTS

ABSTRACT

The mechanical behavior of adhesively bonded joints varies depending on the properties
and geometrical configurations of the adherend surfaces and the adhesive material. In this study,
Neoxil CE 92 N8 was used as the adhesive material, while structural steel was employed as
both the adherend and reinforcement material. The analyses were conducted using the ANSYS
Workbench software, which is based on the finite element method.

In the analyses, the effects of parameters such as overlap length (a), adhesive thickness
(n), adherend thickness (t), and reinforcement length (d) on the joint strength were examined,
and the results obtained were comparatively evaluated.

Keywords: Single lap joint, Adhesive joint, Overlap length, Reinforcement length
1. GIRIS
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Yapistirict baglama, yiizeyler arasinda katilasarak kimyasal bir bag olusturan
yapistirict bir malzeme kullanilarak iki yilizeyi bir arada tutma, bir biitiin olusturma
islemidir.

Yapistiricilarin makine ve yapi elemanlarinin baglantilarinda kullanimi giderek
artmaktadir. Ozellikle uzun zaman periyotlarinda baglant1 giivenirliliginin gerektirdigi
havacilik, uzay, otomotiv, altyapi sistemi, tip, elektronik paketleme, spor, ingaat ve deniz
endiistrilerinde yapistiricilar, glin gegtikge geleneksel baglanti yontemleri olan civata,
per¢in, lehim ve kaynagin yerini almaktadir (Adin,2007).

Malzemelerin birlestirilmesinde yapistirict kullanmak, mekanik baglant1 elemanlari
kullanilmasina kiyasla daha fazla avantaj sunar. Yapistirici, ylik ve gerilmeleri birlesim
ylizeyinin tamamina yayarak dinamik ve statik yiiklerin diizgiin dagilmasini saglar,
gerilmelerin  bir noktada yogunlasmasini engeller. Bu sebeple, yapistirict ile
birlestirilmis baglantilar mekanik yontemlerle (kaynak, percin, lehim) birlestirilen
baglantilara gore biikiilme ve titresime kars1 daha dayaniklidir (Solmaz,2018).

Bir yapistirict ASTM tarafindan ‘ylizey temasi ile malzemeleri bir arada tutabilen
madde’ olarak tanimlanmistir (ASTM D1002, 1983). Yapistiricinin bir bagka tanimi ise,
‘yiizeylere uygulandiginda onlar1 bir arada tutabilen ve ayrilmayi1 6nleyen polimerik
malzemedir. (Adams and Wake, 1984).

Bu calismada basit bindirmeli bir baglantida bindirme bdlgesinde takviye
malzeme kullanimimin baglanti dayanimia olan etkileri incelenmistir. Caligmada
takviye malzeme kullanimina ilave olarak yapisan malzeme ve yapistirict kalinligi,
bindime bolgesi ve takviye uzunlugunun dayanima olan etkileri de analiz edilmistir.

2. MATERYAL VE METOT

Bu calismada yapistirict ile birlestirilmis basit bindirmeli baglantilar sayisal
olarak analiz edilmistir. Basit bindirmeli baglantinin geometrik modeli, teknik resimleri
(Gorsel 1) Ansys Workbench’te olusturulmustur. Gorsel 1°’de gosterilen model baz
alinarak, yapisan malzeme kalinlig1 (t), bindirme mesafesi (a) ve yapistirict kalinligi (n)
degerler1 degistirilip (Cizelge 1 ve Cizelge 2) farkli parametrelerde toplam 9 analiz
gergeklestirilmistir.

. .
| AL

T
X

Gorsel 1. Baglanti1 Tasarim1 ve Teknik Cizimi

Yapisan malzemelerin kalinligint (t) 2 mm ve 3 mm olarak degistirilerek farkli
Olciilerde secilmistir. t kalinliginin degisimi Cizelge 1’de verilmistir. Yapistirict igin
bindirme mesafesi (a) ve yapistirict kalinligi (n) Cizelge 2’de verilmistir.
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Cizelge 1. Yapisan malzemenin kalinlik 6lgiileri
t(mm)

2,00

t(mm)
3,00

Cizelge 2. Yapistirici i¢in bindirme mesafesi ve kalinlik dlgiileri

Yapistiric Bindirme Mesafesi
Kalnlig a=15 mm a=18mm a=20 mm
ni (mm) 0,1 0,1 0,1
nz (mm) 0,2 0,2 0,2

Bu parametrelere ek olarak bindirme bolgesinde takviye malzemesi kullanilarak bu
takviye malzemesinin uzunlugu (d) degistirilip analizler gergeklestirilmistir. Takviyeli

baglant1 modelinin resmi Gorsel 2°de ve Gorsel 3°te verilmistir. Takviye malzemesinin
uzunlugunun degisimi Cizelge 3’te verilmistir.

Gorsel 2. Takviyeli baglant1 modelinin resmi

a =20 mm

Gorsel 3. Takviyeli bindirme bdlgesinin dnden goriiniimii
Cizelge 3. Takviye uzunlugunun 6lgiileri
d (mm) d (mm) d (mm)
15 18 20

Yapisan malzeme ve takviye malzemesi olarak yapi ¢eligi, yapistirici malzeme olarak
NEOXIL CE 92 N8’in 6zellikleri kullanilmistir. Yap1 celiginin 6zellikleri Cizelge 4’te
NEOXIL CE 92 N8’in 6zellikleri ise Cizelge 5 ve Gorsel 4’te verilmistir.
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Cizelge 4. Yapisan malzemelere ait mekanik 6zellikler

N Malzeme
Ozellikler
Yap1 Celigi

Elastite Modiilii (MPa) - E 200000 @
Cekme Mukevemeti (MPa) — oy 460 @
Akma Mukavemeti (MPa) — oy 2508
Kayma Modiilii (MPa) - G 769232
Poisson Orani - v 0,302

2 Ansys Workbench

Cizelge 5. Yapistiriciya ait mekanik 6zellikler

. Malzeme
Ozellikler
Neoxil CE92N8
Elastite Modiilii (MPa) - E 4152°
Poisson Orani - v 0,35°
Cekme Mukavemeti (MPa) — o, 24,7°
Kayma Modiilii (MPa) - G 1540 °

b Solmaz, 2008

30 ¥ =4139 Ix+ 1.8071
25 B =09845
20 '._.-f"" —— Qelme Grafizi
K]
= 15 —— Dogmsal (ekme
= Crafif])
B 5
1D
5
0

a o001 0002 0003 0004 OOD5 0.008

£ (%)

Gorsel 4. NEOXIL CE 92 N8’in gerilme-sekil degistime diyagrami (Solmaz, 2008).

Analizde kullanilacak geometri ANSYS Workbench {izerinden olusturulmustur.
Yapisan malzeme ve yapistirict malzeme 6zellikleri programa tanimlanmistir. Modelin
meshlenmis gorilintiisii Gorsel 5’te verilmistir.
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Gorsel 5. Ornek mesh yapisi

Modeller olusturulduktan sonra geometri sonlu elemanlara boliinerek sinir sartlari
uygulanmis (Gorsel 6) ve analiz yapilmistir. Analizde smr sartlar1 Gorsel 5’te
goriildiigii lizere Uist yapisan parca tek taraftan ankastre mesnet olarak sabitlenmis olup
alt ve Uist yapisan parcalar egilme momentini engellemek igin alt ve {ist yilizeylerinden

uy=0 olacak bi¢imde 5 mm mesafede sabitlenmistir. Alt yapisan parca eksenel ¢ekme
yiikiine maruz birakilmistir.

B

§
\

Gorsel 6. Ornek sinir sartlar

Yapistiric1 birlestirmeli baglant1 yiiklendiginde yapistiric1 tabakasinda ti¢ eksenli
gerilme durumu olugsmaktadir. Es deger gerilmeler (ces), Von Mises akma kriterine gore
hesaplanmis ve bu es deger gerilmeler yapistirict tabakanin herhangi bir noktasinda

yapistiricinin ¢ekme dayanimina (Oneoxit = 24,7 MPa) ulastiginda hasarin meydana
geldigi kabul edilmistir.

3. BULGULAR VE TARTISMA

Bu aragtirmada, yapistirict ile birlestirilen baglantilarin mekanik davranislarini
derinlemesine incelemek amaciyla ANSYS Workbench programinda modellemesi
yapilan basit bindirmeli baglantilarda, bindirme mesafesi, yapistiricinin kalinliginin
degistirilmesi, bindirme kalinliklari, baglantinin takviyelendirilmesi saglanarak farkli
parametrelerde eksenel gekme yiikii altinda lineer elastik gerilme analizi yapilmigtir.

3.1 Yapisan malzeme (adherent) kalinhiginin (t) dayanima olan etkisi
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Parametre olarak belirlenen t degerinin degisimi nedeniyle uygulanan hasar yiikii,
maksimum gerilme degerleri ve bu degerlerin hangi elemanlarda meydana geldigi
Cizelge 6 ve Gorsel 6’da verilmistir.

Cizelge 6. Yapisan malzeme kalinligina (t) bagli olarak ortaya ¢ikan degerler

Sabit Parametreler: n=0,1 mm, a=20 mm, w=30 mm

t (mm) 2 3
Max.Gerilme- ¢ (MPa) 206,67 333,38
Uygulanan Yiik- P (MPa) 50,042 63,524
Hasar Yiikii- F (N) 3002,52 5717,16
Adhesive- omax (MPa) 24,7 24,7
Adherent 1- omax (MPa) 206,67 333,38
Adherent 2- emax (MPa) 206,67 333,38
7000
6000 5717.16
Z 5000
=]
= 4000
’>=_f 3002.52
. 3000
<
£ 2000
1000
0

t=2mm t=3 mm
Yapigan Kalinligi (mm)

Gorsel 7. Yapisan malzeme kalinliginin (t) hasar yiikiine etkisi

Yapistiricinin kalinligi (n) 0,1 mm, bindirme mesafesi (a) 20 mm olarak alinan, alt
ve iist malzemenin kalinlig (t) degistirilerek yapilan analiz sonuncunda kalinlik 2 mm
iken alinan hasar yiikii 3002.52 N, kalinlik 3 mm iken alinan hasar yiikii ise 5717.16 N
olarak elde edilmistir.

Yapisan malzeme kalinligina bagli olarak hasar yiikiiniin en yiiksek oldugu
baglantinin gerilme dagilimi1 Gorsel 7°de verilmistir. Yapisan kalinliginin 3 mm olmasi
durumunda yapistiricinin ¢gekme dayanimini 24,7 MPa olunca baglantinin hasar ytikii
5717.16 N oldugu tespit edilmistir. Bu tasarimda maksimum gerilme degerinin 333,38
MPa oldugu goriilmiistiir.
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Gorsel 8. =3 mm, n=0,1 mm, a=20 mm Jl¢iilerindeki modelin gerilme dagilim1

3.2 Yapistirict kalinhginin (n) baglanti dayamimina etkisi

Yapistiricr kalinliginin (n) degisimine gore uygulanan yiik, maksimum gerilme
degerleri Cizelge 7°de ve Gorsel 8’de verilmistir.

Cizelge 7. Yapistiric1 kalinlig (n) degisimine baglh olarak ortaya ¢ikan sayisal veriler

Sabit Parametreler: t=3 mm, a=20 mm, w=30 mm

n (mm) 0,1 0,2
Max. Gerilme- ¢ (MPa) 333,38 93,8
Uygulanan Yiik- P (MPa) 63,524 25,393
Hasar Yiikii- F (N) 5717,16 2285,37
Adhesive- omax (MPa) 24,7 247
Adherent 1- 6max (MPa) 333,37 93,8
Adherent 2- 6max (MPa) 333,38 93,8

Sabit Parametreler: =3 mm, a=20 mm

2000

5717.1

6000

228537
2000

Hasar Yiikii (N)

n=0,1 n=0,2
Yapistirici Kalinhg (mm)

Gorsel 9. Yapistirict kalinligt (n) degisimi ile hasar yiikii arasindaki iligki

Ikinci parametre olarak belirlenen yapistirict malzeme kalmligmin (n) degisimi
incelendiginde yapistirici kalinlig1 artinca hasar yiikiiniin azalmistir. Yapistirict kalinlhigi
degisiminin oldugu modeller incelendiginde yapistirict malzeme kalinligr 0,1 mm iken
hasar yiikii 5717.16 N, yapistirict malzeme kalinligi 0,2 mm iken hasar yiikii 2285.37
N’dur. Yapistirict malzeme kalinlig azaltildigi zaman %150 oraninda dayanim arttirdigt
gOriilmistiir.
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Yapistirict malzemenin kalinlik degisimine bagli olarak hasar yiikiiniin en yiiksek
oldugu modellemenin gerilme dagilimi Gorsel 8’de verilmistir. Iki analizin hasar
yiiklerinin karsilastirilmasi ise Gorsel 9°da verilmistir. Bu analize bakildiginda yapistirici
malzemenin ¢ekme dayaniminin 24,7 MPa elde edilmesi i¢in 5717.16 N’luk bir hasar
ylikii uygulanmistir. Bu tasarimda maksimum gerilme 333.38 MPa olarak elde edilmistir.

3.3 Bindirme Mesafesi (a) Degisiminin Dayanima EtKisi

Bindirme mesafesinin dayanima etkisini anlamak i¢in a degerini 15 mm, 18 mm, 20
mm olarak degistirerek analizler gerceklestirildi. Bindirme mesafesi (a) degisimine gore
uygulanan ylik, maksimum gerilme degerleri Cizelge 8 ve Gorsel 10°da verilmistir.

Cizelge 8. Bindirme mesafesinin (a) degisimine bagl ortaya ¢ikan degerler

Sabit Parametreler: t=3 mm, n=0,1 mm

a (mm) 15 18 20

Max. Gerilme- ¢ (MPa) 222,19 278,98 333,38
Uygulanan Yiik- P (MPa) 40,25 49,93 63,524
Hasar Yiikii- F (N) 3622,5 44937 5717,16
Adhesive- omax (MPa) 24,7 24,7 24,7

Adherent 1- omax (MPa) 222,18 278,97 333,37
Adherent 2- omax (MPa) 222,19 278,98 333,38

Sabit Parametreler: t=3 mm, n=0.1 mm

8000
. 5717.16
Z, 6000
c 4493.7
2 2000 3622.5
=]
b
5
2 2000
T
0
a=15mm a=18mm a=20mm

Bindirme mesafesinin uzunlugu (mm)
Gorsel 10. Bindirme mesafesinin (a) degisimi ile hasar yiikii arasindaki iliski
Bindirme mesafesi 15 mm iken hasar yiikii 3622,5 N, bindirme mesafesi 18 mm
iken hasar yiikli 4493,7 N, bindirme mesafesi 20 mm oldugu zaman ise analizin hasar
yiikkii 5717.16 N oldugu Gorsel 10°da gorilmistiir. Bu sebeple bindirme mesafesi

artisinin bu tip baglantilarin dayanimini arttirict yonde etki ettigi belirlenmistir. Bu
tasarim Gorsel 8’de verilmis olan tasarimdir.

3.4 Takviyenin Baglanti Dayanimina Etkisi
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Gergeklestirilen calismalara ilave olarak bindirme bolgesinde baglantiyi
takviyelendirmenin baglanti dayanimina nasil etki edecegi incelenmek istenmistir.
Takviyesiz olarak incelenen baglantilarda dayanimi en yiiksek olan numune (t=3 mm,
a=20 mm, n=0.1 mm) takviyelendirme i¢in tercih edilmistir. Dordiincii parametre olarak
ise bindirme bolgesi 1 mm kalimliginda (c) yapr ¢eligi ile takviyelendirilerek bu
baglantida yine bindirme mesafesinin (a) ve takviyenin uzunlugunun(t) degisiminin
baglant1 dayanimina etkisi incelenmistir.

Gorsel 11°de bindirme bolgesi takviyelendirilmis olan modelin sekli verilmistir.
Sekilden de anlasilacagi tlizere bu modelde bindirme bolgesi uzunlugu ile takviye
uzunlugu esit olarak alinmistir.

Gorsel 11. Takviyeli baglanti modelinin resmi (d=20 mm)

E——

d=20 mm

Gorsel 12. Takviyeli baglanti modeli bindirme bolgesi (d=20 mm)

Cizelge 9. Takviyesiz ve takviyeli modelin karsilagtiriimasi

Sabit Parametreler: t=3 mm, a=d=20 mm, n=0,1

Takviye Takviyesiz Takviyeli
Max. Gerilme- ¢ (MPa) 333,8 396,75
Uygulanan Yiik- P (MPa) 63,254 69,786
Hasar Yiikii- F (N) 5717,16 6280,74
Adhesive- omax (MPa) 24,7 247
Adherent 1- 6max (MPa) 333,38 396,75
Adherent 2- omax (MPa) 333,38 396,77
Takviye- omax (MPa) - 263,79

Sabit Parametreler: t=3 mm, a=d=20 mm, n=0,1
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6200
6300
6200
6100
B6000
5900
5800
o700
5600
5500
5400

6250,74

5717,16

Takviyesiz Baglant

Hasar Yiikii (N)

Takviyeli Baglanti

Gorsel 13. Takviyenin hasar yiikiine etkisi

s e

Gorsel 14. t=3 mm, d=a= 20 mm, c=1 mm, n=0,1 mm 6l¢iilerindeki modelin gerilme dagilimi

3.5 Takviyeli Baglantilarda Bindirme Mesafesinin (a) Dayanima Etkisi

Takviyesiz baglantilarda bindirme mesafesinin (a) dayanima olan etkisi
incelendiginde bindirme mesafesi uzunlugu 15,18,20 mm olarak alinip, baglantinin en iyi
dayanima 20 mm bindirme mesafesinde ulastig1i yapilan analizler neticesinde tespit
edilmistir. Bu sebeple takviyeli baglantt modeli i¢in de bindirme mesafesi uzunlugu
15,18,20 mm alinarak analizler gergeklestirilmistir.

Ayni1 bindirme mesafesine sahip takviyeli ve takviyesiz baglantilarin analizlerinden
elde edilen gerilme ve hasar kuvvetleri Cizelge 10 ve Gorsel 15°te verilmistir

Cizelge 10. Takviyeli baglantida bindirme mesafesinin (a) degisimine bagh elde edilen degerler

Sabit Parametreler: t=3 mm, d=20 mm, n=0,05 mm, c=1 mm
a (mm) 15 18 20
Takviyeli-Takviyesiz Takviyeli | Takviyesiz | Takviyeli | Takviyesiz | Takviyeli | Takviyesiz
Max Gerilme- (MPa) 238,34 222,19 291,65 278,98 396,77 333,38
Uygulanan Yiik- P (MPa) 42,214 40,25 54,653 49,93 69,78 63,524
Hasar Yiikii- F (N) 3799,26 3622,5 4918,77 4493,7 6280,74 5717,16
Adhesive- omax (MPa) 24,7 247 24,7 24,7 24,7 247
Adherent 1- omax (MPa) 283,33 222,18 291,64 278,97 396,75 333,37
Adherent 2- 6max (MPa) 283,34 222,19 291,65 278,98 396,77 333,38
Takviye- omax (MPa) 224,19 - 230,22 - 263,79 -
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500
= 396,77
< 400 333,38
— 283,34 291,65
< 200 . 278,98
E 222,19
S 200
(G
S
= 100

o]
a=15 a=18 a=20
M Takviyeli M Takviyesiz

Gorsel 15. Takviyeli-takviyesiz baglantilarda bindirme mesafelerinin hasar yiikiine etkisi

3.6 Takviye Uzunlugunun (d) Baglanti Dayanima Etkisi

Calismanin bu kisminda bindirme mesafesi 20 mm olarak sabit tutulmus ve takviye
uzunlugu (d) 15, 18 ve 20 mm segilerek olusturulan ti¢ farkli modelin analiz sonuglari
elde edilmis ve karsilagtirllmistir. Gorsel 16’da 18 mm takviye uzunluguna sahip modelin
bindirme bolgesinin 6nden goriiniimii, Cizelge 11°de ve Gorsel 17°de ise gergeklestirilen
analizler neticesinde tespit edilen gerilme ve hasar yiikleri verilmistir.

a =20 mm

Gorsel 16. Takviyeli bindirme bolgesinin 6nden goriiniimii (a=20 mm, d=18 mm

Cizelge 11. Takviyeli baglantida takviye uzunlugu degisimine bagl olarak elde edilen degerler

Sabit Parametreler: t=3 mm, n=0,05 mm, a=20 mm, c=1 mm

d (mm) 15 18 20
Max. Gerilme- ¢ (MPa) 228,21 280,61 396,77
Uygulanan Yiik- P (MPa) 39,915 54,61 69,78
Hasar Yiikii- F (N) 3592,35 4914,9 6280,74
Adhesive- omax (MPa) 24,7 24,7 24,7
Adherent 1- omax (MPa) 228,21 280,60 396,75
Adherent 2- omax (MPa) 228,21 280,61 227,94
Takviye- 6max (MPa) 79,724 188,61 263,79
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Gorsel 17. Takviyenin uzunlugunun hasar yiikiine etkisi

Yapilan analizlerden elde edilen veriler sonucunda takviye uzunlugu 20 mm olarak

secilen modelden (Gorsel 18) elde edilen von-Mises gerilme degerlerinin daha yiiksek oldugu
yani bu modelin diger modellere gore hasar yiikiiniin daha yiiksek oldugu tespit edilmistir.
Takviye uzunlugu 20 mm olarak yapilan analizde hasar yiikii 6280,74 olarak elde edilmistir.

Gorsel 18. t=3 mm, d=a= 20 mm, c=1 mm, n=0,1 mm &l¢iilerindeki modelin gerilme analizi
4. SONUCLAR

Bu ¢alismada, yapistirici ile birlestirilen basit bindirme baglantilarinda; yapisan
malzeme kalinligi, bindirme mesafesi, yapistirict kalinligt ve takviye malzeme
kullaniminin baglanti dayanimi iizerindeki etkileri incelenmistir. Yapisan ve takviye
malzemesi olarak yapi ¢eligi, yapistirict malzeme olarak ise Neoxil CE 92 N8 tercih
edilmistir.

Gerilme analizlerinde; yapistirici kalinh@i (n), yapisan malzeme kalinhg (t),
bindirme mesafesi (a) ve takviye elemaninin uzunlugu (d) parametrelerinin farkli
degerleri esas alinarak, yapistiricinin 24,7 MPa olan ¢ekme dayanimina ulastiginda
baglantida hasarin meydana geldigi kabul edilmistir. Degerlendirmeler von-Mises akma
Kkriteri esas alinarak gergeklestirilmistir.

Analizler, ANSYS Workbench yazilimi kullanilarak hazirlanmis 11 farkli model
iizerinde, lineer elastik davranig varsayimiyla yapilmistir. Bu modellerde; iki farkli
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yapisan malzeme kalinligi, iki farkli yapistirici kalinlig1 ve ti¢ farkli bindirme mesafesi
kullanilmistir.

[k parametre olarak degerlendirilen yapisan malzeme kalinhiginin (t) artmasinin,
modelde olusan gerilme degerlerini artirdigi goézlemlenmistir. Baglantida yapistirici
gerilme degerinin 24.7 MPa elde edilmesi i¢in uygulanan yiik t=3 mm oldugu zaman daha
fazladir. Uygulanan yiikiin artmasi hasar yiikiinii de arttirdigindan dolayr 3 mm olan
kalinlik dayanim agisindan daha etkili sonug¢ vermektedir. Yapisan malzeme kalinligini 3
mm olarak alindiginda elde edilen hasar yiikii; 2 mm olarak alinan analize kiyasla %81
oraninda artmigtir. Bu nedenle, yapisan malzeme kalinliginin artirilmasinin baglanti
dayanimimi olumlu yonde etkiledigi belirlenmistir. Bu bulgu dogrultusunda, sonraki
analizlerde yapisan malzeme kalinlig1 3 mm olarak sabitlenmistir.

Ikinci parametre olarak ele alman yapistirict kalinhigi (n) igin, 0,1 mm ve 0,2 mm
olmak tizere iki farkli deger alinarak analiz yapilmistir. Analizler sonucunda, 0,1 mm
yapistirict kalinligi kullanildiginda hasar yiikiiniin daha yiiksek oldugu ve buna bagh
olarak baglant1 dayaniminin arttig1 goriilmiistiir. Bu nedenle, sonraki analizlerde n = 0,1
mm olarak belirlenmistir.

Ucgiincii parametre olan bindirme mesafesi (a) icin 15 mm, 18 mm ve 20 mm
uzunluklarinda modeller olusturulmustur. Analiz sonuglari, bindirme mesafesi arttikca
baglantinin hasar dayanimmin da arttigini gostermistir. Ozellikle bindirme mesafesi 20
mm, yapisan kalinhigi 3 mm ve yapistirict kalinhigi 0,1 mm olan model, tim modeller
arasinda en yiiksek hasar dayanimina sahip model olarak belirlenmistir.

Analiz yapisini biraz daha farklilastirarak yapisan malzemeler arasina bir adet
takviye malzemesi kullanilmistir. Takviyeli baglanti modelindeki bindirme mesafesi ve
takviyenin uzunlugu esit alinip 15 mm, 18 mm ve 20 mm alinarak analizler yapilmistir.
Basit bindirmeli baglanti modeliyle kiyasladigimiz zaman takviyeli baglanti modelinin
hasar yiikii %9 oraninda artmistir. Takviyeli baglanti modelinin hasar dayaniminin daha
fazla oldugu bu sekilde tespit edilmistir.

Son olarak, takviye malzemesinin uzunlugu degistirilerek yapilan analizlerde,
takviye uzunlugunun bindirme mesafesiyle esit oldugu (20mm) durumda baglanti
dayaniminin en yiiksek seviyeye ulastigi tespit edilmistir. Bu durum, takviye elemaninin
uygun uzunlukta tasarlanmasinin baglanti1 performansi agisindan kritik bir etkiye sahip
oldugunu gostermektedir.
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OZET

Doértdoner (quadrotor veya quadcopter), dort pervaneli, genellikle elektrik tahrikli rotor
kullanan, ayrica uzaktan kumanda ile yonlendirilen bir insansiz hava aracidir. Dortdonerler,
tarim, eglence, kargo, gbzetleme veya saldir1 gibi ¢ok ¢esitli alanlarda sivil veya askeri
amaglarla yaygin olarak kullanilmaktadir. Dértdonerler ¢ikardiklari giiriiltiiden dolay1 ¢evreyi
rahatsiz edebilmektedir. Askeri alanda da giiriiltiisiinden dolay1 kolay tespit edilebilmesi sorun
olusturmaktadir. Bu nedenle dortdonerler ve benzeri sistemlerde giiriiltii azaltimi {izerine
caligmalar yapilmaktadir. Ancak a¢ik kaynaklarda konu ile ilgili derli toplu, agik ve net bilimsel
caligmalar smirhdir. Giriiltii azaltma yoOntemleri gelistirebilmek i¢in Oncelikle giriiltii
kaynaklarinin yeterince taninmasi gereklidir. Bu calisma ile dortdonerlerdeki giiriilti
kaynaklariin simiflandirma yapilarak detayl bir sekilde incelenmesi amaglanmistir. Giiriilti
kaynaklari, elektrik motoru giiriiltiisii, pervane giiriiltiisii, ylikleme giiriiltiisli, kanat kalinlik
giiriiltiisii, genis bant giiriiltiisii, kanat tiirblilans etkilesimi giiriiltiisii, kanat iz etkilesimi
giiriiltlisii ve tonal giiriiltiidiir. En 6nemli giiriiltii kaynaklar arasinda elektrik motoru giirtiltiisii,
pervane glriiltiisii ve tonal giirliltii yer almaktadir. Dortdoner giiriiltiisiine neden olan
kaynaklarin daha iyi anlasilabilmesi i¢in bir dortdoner tasarimlanmis, giiriiltiiye neden olan
durumlar akis benzetimi ve modal analiz yardimiyla incelenmistir. Dortdonerlerde giiriiltiiniin
optimum seviyede olabilmesi i¢in yataklama elemanlarinin hassas toleransta se¢imi ve montaji
biliyiik 6nem arz etmektedir. Rotor ve stator arasindaki hava bosluklart mekanik titresimden
kaynaklanan giiriiltiilye neden olabilmektedir. Ayrica pervane kanadinin kalinlig1 da giiriiltiiye
neden olmakta, dortdonerin genel aerodinamik giiriiltii azaltimini ve vibroakustik durumunu
etkilemektedir. Akis dinamiginin dortdoner giiriiltii azaltimi iizerinde ne gibi bir rol oynadiginin
anlasilmas1 kritik bir dneme sahiptir. Diger giiriiltii kaynaklar1 da etki derecelerine gore ele
alimmakta ve sonug ¢ikarimlarinda bulunulmaktadir.

Anahtar Kelimeler: Dortdoner giiriiltiisli, motor giiriiltiisii, pervane giiriiltiisii, tonal giirtilti,
vibroakustik, modal analiz, akis analizi ve benzetim
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1. GIRIS

Dortdoner diger bir adiyla kuadkopter olarak bilinen dort adet pervaneye ve firgasiz dogru akim
motoruna sahip olan bir insansiz hava aracidir. ilk olarak askeri ve endiistriyel kullanim igin
gelistirilmiglerdir. Dortdonerler hobiciler, fotografcilar, kameramanlar, arazi 6l¢timciileri, ilk
miidahale ekipleri ve hatta teslimat sirketleri arasinda yaygin olarak kullanilmaktadir. Uzaktan
kumanda ile yénlendirilirler. I¢lerinde en yaygin olarak kullanilan1 kuadkopterlerdir. Alti
serbestlik derecesine sahiptirler. Dortdonerler, insansiz hava aracinin beyni olan; girdileri,
ciktilar1 ve kontrolleri dengeleyen bir ugus kontroloriine sahiptirler. Jiroskoplar, ivmedlgerler,
GPS ve kameralar gibi sensorler ise dortdonerlerin daha giivenli bir sekilde u¢gmasina olanak
saglamaktadirlar. Dikey olarak inis ve kalkis yapabilme kabiliyetine sahiptirler. Dortdonerler
calisirken titresimden dolayr fir¢asiz dogru akim motoru ve buna bagli olan pervanenin
donmesiyle giiriiltii ortaya c¢ikarirlar. Bu giiriiltiiniin ortaya c¢ikmasmin sebebi ise bir
dortdonerde kullanilan fir¢asiz dogru akim motorunun montaj1 esnasinda toleranslarin diizgiin
olarak yapilmamasidir. Bu sebeple motor i¢indeki giiriiltiiniin siirekli olarak dalgalanmasindan
otiirii titresim ortaya ¢ikacak, bunun sonucunda ise giiriiltii meydana gelecektir. Bir dortdonerin
caligmasi esnasinda birden fazla giiriiltii kaynag1 ortaya c¢ikmaktadir. Tirtikli gurney flaph
diisiik giirtiltiilii dron pervanesinin karakterizasyonu iizerine yapilan bir ¢alismada, bir kanat
profilinin arka kenar yapisi olan gurney flabi ile bir baykus tiiyiinde bulunan diistik giirtiltiili
yapt olan tirtikli flabin birlestirilmesiyle yeni bir yap1 olan tirtikli gurney flab1 gelistirilmistir.
Sonuglar, yapmin gurney kanatcigi tarafindan olusturulan girdap ayrimimi azaltirken
pervanenin kaldirma katsayisini artirabildigini ve pervaneyi yavaslatarak pervane giiriiltiistinii
bastirabildigini gostermistir. Yapisinda yapilacak daha fazla degisiklikle hem verim artirilabilir
hem de giiriiltii seviyesi diisiiriilebilir oldugunu ifade etmislerdir [Noda vd., 2022]. insansiz
hava araglarinda motor giiriiltiisiiniin azaltilmasina yonelik deneysel arastirmada, ses gegirmez
malzemelerle birlikte mikro delikli panel emicilere dayali pasif giiriiltii azaltma yaklasgimini
incelemislerdir. Deneysel sonuglar, 6nerilen giiriiltii azaltma yapilariin motorun genel giirtiltii
seviyesinde Onemli bir azalma saglayabilecegini belirtmistir. Sonuglar, ses gegirmez
malzemelerle desteklenen mikro delikli bir panelin, bir motor i¢in genel giiriiltii seviyesi
azaltmada, arkasinda hava boslugu bulunan mikro delikli bir panelden daha iyi sonug verdigini
gostermistir [Qian vd., 2021]. Kaynak modu genisletmeleri kullanilarak kuadrotor tipi IHA'nin
tonal giiriiltii hesaplanmasi tizerine yapilan bir ¢calismada, gergekci parametreler kiimesiyle elde
edilen basit sonuglar, kiiciik boyutlu dort rotorlu ucaklarin ¢alismasi sirasinda olusan tonal
giiriiltiinlin esas olarak ileri ugus veya kurulum etkilerinden kaynaklanan periyodik kanat
kuvvetleri tarafindan {retildigini isaret etmektedir [Roger & Moreau, 2020]. Pervane
kanatlarmin aeroakustik analizi lizerine yapilan bir ¢alismada, iki diisiik giiriiltiilii pervane
tasarlanmigtir. Genig bant giiriiltiisii, iki pervane icin akustik enerjinin ¢ogunu olusturmustur.
Daha biiyiik bir kordu olan pervane, Reynolds sayis1 daha biiyiik oldugundan ve tiirbiilansh
kinetik enerji daha yogun oldugundan daha biiyiik genis bant giiriiltiisiine sahiptir. Ffowcs-
Williams Hawkings (FW-H) yontemi, genis bant giiriiltiisiinii iyi tahmin edemeyebilir. Kiigiik
insansiz hava araclar i¢in diisiik giirtiltiilii pervaneler tasarlanirken genis bant giiriiltiistiniin
azaltilmas1 daha 6nemlidir [Zhang vd., 2023]. Sifir olmayan hiicum acilarinda pozitif ve negatif
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itme rejimlerinde bir pervanenin aerodinamigi ve uzak alan giiriiltii emisyonlar1 iizerine yapilan
bir calisgmada, hem doénme diizleminde hem de donme diizlemine dik diizlemde yiikleme
giiriiltiisiiniin yonlendirilebilirligi, pozitif ve negatif itme kosullarinda hiicum agisindan farkl
sekilde etkilenmistir. Pozitif itme kosulunda, yiikleme giiriiltiisii pervanenin uzaga dogru
egildigi bolgede artarken, pervanenin uzaga dogru egildigi bdlgede azalmistir. Ote yandan,
negatif itme kosulunda ise tam tersi bir egilim gdzlenir; burada yiikleme giirtiltiisii pervanenin
uzaga dogru egildigi bolgede azalirken, kendisine dogru egildigi bolgede artmistir. Bu zit
egilimler, hiicum agisinin neden oldugu mutlak kanat yiikiindeki zit degisimlerden
kaynaklanmaktadir. Negatif itme kosulunda, kalinlik giiriiltiisii ve yiikleme giiriiltiisii belirli
azimut ve eksenel konumlarda yok edici bir sekilde miidahale ederek, bu konumlarda toplam
giiriiltiinlin azalmasina sebep olur [Goyal vd., 2023]. Yiiksek dogruluklu sayisal simiilasyonlar
kullanilarak 6n kenar tirtikli kanat tiirbiilans etkilesim giirtiltiisiiniin azaltilmasinin incelenmesi
iizerinde yapilan bir arastirmada sonuglar, tirtikl yiizeyler uygulandiginda rotor kanat tiirbiilans
etkilesimi giiriiltiisiiniin aracin arkasinda 5 dB ‘ye kadar azaldigin1 gostermis ve daha yiiksek
tirtik yiiksekligi-dalga boyu oranlarinin daha etkili oldugunu kanitlamaktadir [Tran & Lee,
2025]. Havada siiziilen kiiciik insansiz hava araglarinda rotorlar i¢in kanat iz etkilesimi
giiriiltiisii boliim I karakterizasyon ¢alismasi adli arastirmada; kanat iz etkilesimi giiriiltiistiniin
en diisiik bicimi, kanat izinin rotor sistemi boyunca yukar1 dogru hareket ettigi tiirbiilansli iz
durumunda ve hafif dikey inis kosullarinda meydana gelmistir [Thurman & Baeder, 2023].
Diisiik caligma giiriiltiisii ve optimize edilmis enerji tiiketimi igin dagitict govdeli dron
pervanesi lizerinde yapilan bir ¢alismada arastirmacilar, ANSYS ve Solidworks programi
kullanarak pervane giiriiltiisiini minimize etmeyi amaglamiglardir. Dagitici govdeyi
kullandiktan sonra giiriiltii seviyesinin %5 oraninda azaldigini bulmuslardir (Malapur vd.,
2022). Tasarima yonelik yeni bir yaklasim ve ¢evre dostu gelistirmelerle ve gelistirmeler
olmadan kirpilmis delta kanat performansinin kapsamli incelemesi iizerinde ANSYS Fluent
kullanilarak yapilan bir ¢alismada, Falcon-1, kanatta bulunan modifikasyondan kaynaklanan
giiriiltiide %3,48'lik azalma baz alindiginda daha iyi performans gosterdiginin sonucuna
varmuslardir (Padmanathan vd., 2025). IHA pervanelerinin kararli ve kararli olmayan yiikleme
giirtiltiisii kaynaklarinin aerodinamik analizleri {izerinde yapilan bir ¢alismada ANSYS CFX
programi kullanilmis, kanat tiirbiilans etkilesimi sonucu olusan kararli olmayan yiikleme
giiriiltlisiiniin kanat geometrisine ve devir sayisina bagl olarak degistigini bulmuslardir (Kim
vd., 2019). Cift kanatl bir dron rotor pervanesinin sayisal performans analizi {izerinde yapilan
bir ¢aligmada, 30° kanat acili 6nerilen tasarim, gelen akiskanin 6n kenar lizerinde daha fazla
kinetik enerji iliretmesine olanak tanimis ve tork iiretimine ve giiriiltilye neden olan u¢ hizi
oraninin azaltilmasina yardimci oldugunu bulmuslardir (Rajendran & Jayaprakash, 2023).

Bu yapilan ¢alismalar her bir giiriiltii kaynagmin bir dortdoner iizerinde giiriiltii azaltimi
optimizasyonunda ne derece 6énemli oldugunu ortaya koymakta ve tanimlamaktadir. Yapilacak
olan bu calismada ise sessiz dortdonerlerde giiriiltii kaynaklar1 incelenmis ve varsayimlarda
bulunulmustur.
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2. DORTDONERLERDE GURULTU KAYNAKLARI

2.1. Elektrik Motoru Giiriiltiisii

Dortdonerlerde yaygin olarak kullanilan elektrik motorlarindan biriside fir¢asiz dogru akim
motorudur. Fir¢asiz dogru akim motorunun bilesenleri ise stator, rotor, motor govde
muhafazasi, sabit miknatis, bobin ve yataktan olugsmaktadir. Elektrik motorlarindan yayilan
guiriilti mekanik merkezli, aerodinamik merkezli ve elektromanyetik merkezlidir [Gonzalez
vd., 2023]. Fir¢asiz dogru akim motorlarindaki elektromanyetik giiriiltli, esas olarak rotor ve
stator parcalar1 iizerinde etkili olan elektromanyetik kuvvet/torktaki degisikliklerden
kaynaklanir ve bu da rotorun déonmesini saglayan elektromanyetik torku meydana getirir [Xia
vd., 2017]. Mekanik giiriiltii, firgasiz dogru akim motorunun montaji esnasinda yataklama
elemanin, saftin ve govdenin yeterince hassas toleransta se¢ilmemesinden kaynaklanmaktadir.
Bu durum mekanik titresime ve giiriiltilye neden olmaktadir. Aerodinamik giiriiltiiye, motor
calisirken olusan hava akisinin hareketi sebep olmaktadir. Elektrik motorlarinda giiriiltii ve
titresim analitik hesaplamalara dayanmaktadir. Miihendislikte ses basinci, ortalama karekok
degeri (p,) ile Olclilmektedir (Gieras vd., 2018).

1 (™ , N
v |p | w@ra 5 oan @

p

Ayrica, insan igitme tepkisi 20 pPa isitme esiginden 200 Pa agr1 esigine (yani 10 milisaniyelik
bir aralik) kadar degistiginden, ses basincindaki degisimleri 6lgmek igin logaritmik 6lgek
benimsenmistir. Ses basing seviyesi (SPL) desibel (dB) cinsinden su sekilde tanimlanmaktadir
(Gieras vd., 2018).

Pe

Pre f

L, = 201logq, =20logp, + 94 dB (2)

Burada p,..r = 2x107> Pa, ortalama karekdk degerindeki referans ses basincidir. Buna uygun
olarak, ses yogunlugu seviyesi su sekilde tanimlanmaktadir (Gieras vd., 2018).
I
L; =10log;g— = 10logl + 120 dB (3)
Ire f
Burada I..; = p7er = 10712 W /m? referans ses yogunlugudur.

2.1.1. Statordan Yayilan Ses Giiriiltiisii

Elektromanyetik kuvvetteki uzay/zaman harmoniklerinin frekansi stator titresim modlarinin
dogal frekansina yakin oldugunda statordan yayilan ses 6zellikle ilgi ¢ekicidir. Bu frekansta
statorun titresim davranis1 bu 6zel mod tarafindan domine edilir ve bu moddan yayilan ses
toplam ses giiciinde dnemli rol oynar. Bu durumda, modal radyasyon verimliligi dogrudan
toplam yayilan ses giiciiniin hesaplanmasinda kullanilabilir. Denklem 8'e dayanarak statorun
dis yiizeyi Sy, radyal titresim yer degistirmesi A,,, stator ¢ekirdeginin modal radyasyon
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verimliligi o,, ve mod m i¢in statorun dis yilizeyinden yayilan ses giicli asagidaki denklemden
hesaplanabilir (Gieras vd., 2018).

WA,
T = Il = poco (W) Om Sy w (8)

2.2. Pervane Giiriultiisii

Bir dortdonerin pervanelerinin donmesiyle olusan bir giiriiltiidiir. Bir dértdoner insansiz hava
aracinda pervane giiriiltiisiinliin kaynaklarindan bazilar1 yiikleme giiriiltiisii (sabit ve sabit
olmayan), kalinlik giiriiltiisii ve genis bant giiriiltiisiidiir. Pervane kanatlar1 bir riizgar, iz veya
govdeye yakin bir gegisle karsilasirsa, akustik spektruma daha fazla harmonik igerik ekleyen
dengesiz ylikleme giiriiltiisii olusur. Genis bant giiriiltlisii de dengesiz yiikleme giiriiltiisiiniin
bir tiirtidiir ve tlirblilansin kanatla etkilesimi sonucu olusur. Girig tiirbiilans1 pervane
kanatlarinda diizensiz bir kaldirma kuvveti olusturur ve bu da genis bantl ses olarak yayilir.
Benzer sekilde, pervane sinir tabakasi tlirbiilansi, kanadin arka kenariyla etkilesime girebilir ve
genis bant giiriiltiisii olugturabilir. Kanat sinir tabakasi laminer ise, arka kenardan gelen genis
bant giiriiltiisii oldukga yiiksek olabilir. Ek olarak, milin doniisii ile iligkili tonlar aerodinamik
giiriiltiiniin tizerine eklenir (Doolan vd., 2019). Bir pervaneden gelen giiriiltii, Ffowcs-Williams
ve Hawkings (1969) denklemiyle fomiilize edilir (Williams & Hawkings, 1969). Aerodinamik
bir model uygulanarak ongoriilebilir (Zhou & Fattah, 2017).

92 T;;
p ot = [ [ =] e
0x;0x; Jy l4mr|1 — M |1 _..
_ij l(ﬂvi(”j—Vj)ﬂ?ij)"jl s
0x; Jg, 4nr|1 — M| -

9 [ [Cev; = p'Vi)m;
+%Lol 4mr|l—M,| | _ . a5 ©)

Gozlemci dogrultusundaki Mach sayist M, dir. Ffowces-Williams Hawkings (FW-H)
denkleminde integralin kapali yiizeyi Sy’dir. Zaman 7, gecikme zamam ise 7"°’dir. Aym
zamanda 7*, yayma zamani olarak ifade edilmektedir. p;;, basma gerilmesi tensoriidiir. n;,
yiizey normal birim vektoriidiir. p’(x,t) akustik basingtir. V hacimdir. p yogunluktur. p’

yogunlugun siirekli degisimidir. v hiz vektoriidiir. r radyal uzakliktir. ¢, ortamin ses hizidir
(Glegg & Devenport, 2017).

Pervane giiriiltiisiiniin daha iyi anlagilmasi i¢in Solidworks ortaminda bir dértdoner insansiz
hava araci ¢izilmis, caplar farkl ti¢ adet pervane kullanilmis ve akis simiilasyonu yapilmaistir.
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Cizelge 1. Bir dortdoner benzetiminde kullanilan pervanenin 6zellikleri

Pervane 1 Cap: 137 mm
Pervane 2 Cap: 132 mm
Pervane 3 Cap: 120 mm

0 19.08 3815 5722 7631 9539
Acoustic Power Level [d8]

Flow Trajectories 1

Gorsel 1. Pervane 1 durumunda ortaya ¢ikan akustik gii¢ seviyesi

0 1410 26820 4230 S6.40 7081
Acoustic Power Level (48]

Flow Trajectories 1

Gorsel 2. Pervane 2 durumunda ortaya ¢ikan akustik gii¢ seviyesi
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O

i)

\
\
\ .r\ \ ,/“r

\
0 917 1834 27.50 3667 4584

N

/

Acoustic Power Level [9B]

Gorsel 3. Pervane 3 durumunda ortaya ¢ikan akustik gii¢ seviyesi

Simiilasyonlarda elde edilen verilerde pervane 1 durumunda ortaya ¢ikan akustik gii¢ seviyesi
95.39 dB, pervane 2 durumunda ortaya ¢ikan akustik gii¢ seviyesi 70.51 dB ve pervane 3
durumunda ortaya ¢ikan akustik gii¢ seviyesi 45.84 dB olarak ol¢iilmiistiir. En diisiik akustik
gli¢ seviyesi pervane 3 durumunda elde edilmistir.

Ayrica tirtikli (testere disli) kanatlarin giiriiltii tizerinde ne gibi bir azaltim sagladigini gormek
icin birbirinden farkli seyrek ve siki tirtikli kanat tasarimi yapilmistir. Ayni sekilde bu
pervaneler, bir dortdoner lizerinde montajlanmis ve akis benzetimi yapilmaistir.

0 1818 3637 5455 7274 909
. #coustic Power Level (48]
v L 1

Flow Trajectories 1

Gorsel 4. Daha seyrek tirtikli ¢ift tarafli pervane

kullanilmasi durumunda ortaya ¢ikan akustik gii¢ seviyesi
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0 1186 2372 3547 4743 5929

Acoustic Power Level [dB]

Gorsel 5. Daha seyrek tirtikli ¢ift tarafli ve daha seyrek tirtikli tek tarafli

pervane kullanilmasi durumunda ortaya ¢ikan akustik gii¢ seviyesi

0 B85 1370 2054 27.38 3424
Acoustic Power Level [dB]

g7 Flow Trajectories 1

Gorsel 6. Daha siki tirtikli ¢ift tarafli ve daha siki tirtikli tek tarafli pervane

kullanilmasi durumunda ortaya ¢ikan akustik gii¢ seviyesi

Daha seyrek tirtikli ¢ift tarafli pervane kullanilmasi durumunda ortaya ¢ikan akustik gii¢ seviyesi 90.92
dB, daha seyrek tirtikli ¢ift tarafli ve daha seyrek tirtikli tek tarafli pervane kullanilmasi durumunda
ortaya c¢ikan akustik gii¢ seviyesi 59.29 dB, daha siki tirtikli ¢ift tarafli ve daha siki tirtikli tek tarafli
pervane kullanilmasi durumunda ortaya ¢ikan akustik gii¢c seviyesi 34.24 dB olarak goriilmiistiir. En
diisiik giiriiltii azaltimi, daha siki tirtikli ¢ift tarafli ve daha siki tirtikl tek tarafli pervane kullanilmasi
durumunda ortaya ¢ikmustir.

2.3. Kanat Kalinhk Giiriiltiisii

Kalinlik giiriiltiisti, pervane giiriiltiisiiniin bir kanat elemanina bitisik havanin enine yer
degistirmesinden kaynaklanan boliimii tanimlamaktadir. Sabit bir referans ¢ercevesinde bu yer
degistirme, pervane diski yakiindaki her hava elemanina periyodik olarak kiitle girisine
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esdegerdir ve bir noktadaki kiitle giris oran1 ¢evresel hiza, kanat profiline, egim ve gelis
acilaria baghdir (Hulse vd., 1966).

Kanat kalinlik giirtiltiisii Ffowcs-Williams ve Hawkings (FW-H) denklemindeki {igiincii terimle
ifade edilmektedir. Ortam yogunlugu p.,’dur. j dogrultusundaki birim vektoriin hacmi V; dir.

Yiizey normal birim vektorii n;’dir (Glegg & Devenport, 2017).

ds (2) (10)

10 P Vin
p;calmllk (x' t) = L

4‘at 0 TL'T'll—Mrl T=T*

Kanat kalinlik giiriiltiisiiniin daha iyi anlagilmasi i¢in Solidworks ortaminda bir dortdoner
insansiz hava araci ¢izilmis, kalinliklar farkli {i¢ adet pervane kullanilmis ve akis simiilasyonu
yapilmistir.

Cizelge 2. Bir dortdoner simiilasyonunda kullanilan kanat kalinliginin 6zellikleri

Pervane 1 Kalinlik: 0.5 mm Cap: 120 mm
Pervane 2 Kalinlik: 1 mm Cap: 120 mm
Pervane 3 Kalinlik: 1.5 mm Cap: 120 mm

Gorsel 7. Pervane 1 durumunda ortaya ¢ikan akustik gii¢ seviyesi
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0 1001 2001 30.02 4002 50.03
Acoustic Power Level [d8]

1
N Flow Trajectories 1

01

02021 301 4042 5052

Acoustic Power Level [dB]

Flow Trajectories 1

Gorsel 9. Pervane 3 durumunda ortaya ¢ikan akustik gii¢ seviyesi

Simiilasyonlarda elde edilen verilerde pervane 1 durumunda ortaya ¢ikan akustik gii¢ seviyesi
73,31 dB, pervane 2 durumunda ortaya c¢ikan akustik gii¢ seviyesi 50.03 dB ve pervane 3
durumunda ortaya ¢ikan akustik gii¢ seviyesi 50.52 dB olarak Slgiilmiistiir. En diisiik akustik
gii¢ seviyesi pervane 2 durumunda elde edilmistir.

2.4. Tonal Giiriiltii

Tonal giiriiltii bir dértdonerde rotorlarin donmesiyle meydana gelen bir giiriiltii kaynagidir.
Tonal giirtiltli, pervaneyi dondiiren fircasiz motor ig¢indeki ve pervane milindeki yataklama
elemanlarinin olabildigince hassas toleransta secilmemesinden kaynaklanmaktadir.

Cok rotorlu insansiz hava araci sistemlerinde pervane giiriiltiisiiniin kararl1 olmayan kanat
hareketinden kaynaklanmasi iizerine yapilan bir calismada, IHAlarda saft yapisindaki tonal
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giiriiltiiniin en O6nemli nedeni, elektrik motorlarinin periyodik hiz dalgalanmalarindan
kaynaklandigini ileri stirmislerdir (McKay & Kingan, 2019). Arka kenar tirtiklariyla birlikte
kanat profili dengesizliginin tonal giiriiltiisii iizerinde deneysel yapilan bir calismada, arka kenar
tirtiklarinin kanat profili tonal giiriiltiisiinii azaltma yetenegi oldugunu tespit etmislerdir (Chong
& Joseph, 2013). Tonal giiriiltii kararli yiikleme, kararli olmayan yiikleme ve kalinlik giiriiltiisii
tarafindan meydana getirilirken, genis bant giiriiltiisii kanat 6z giiriiltiisii ve tiirbiilans etkilesim
giirtiltisi ile iligkilidir, dolayisiyla bu bilesenleri dogru bir sekilde ayirmak gereklidir (Malkki
vd., 2024).

Cizelge 3’de fir¢asiz DC motorunda kullanilan baglanti elemanlarin tolerans tablosu verilmistir.
Tonal giiriiltiiniin daha 1yi anlasilmasi i¢in kullanilan elemanlarin Olgililerinde ¢esitli
diizenlemeler yapilmistir.

Cizelge 3. Fir¢casiz DC motorunda kullanilan baglanti elemanlarinin toleranslari

Yatak I¢ Capi 2.00 mm 2.00 mm | 2.00 mm
Mil Cap1 1.99 mm 1.98 mm | 1.97 mm

Pervane I¢ Cap1 | 1.99mm | 1.98 mm | 1.97 mm

Tolerans 0.01 mm 0.02mm | 0.03mm

T

28.76 57.52

Gorsel 10. Tolerans 0.01 mm segildiginde meydana gelen akustik gii¢ seviyesi
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o 47.87 9575
Acoustic Power Level [dB]

= Flow Trajectories 1

Gorsel 12. Tolerans 0.03 mm segildiginde meydana gelen akustik gii¢ seviyesi

Akis benzetimi sonucunda Gorsel 10, Gorsel 11 ve Gorsel 12°de goriildiigii tizere en yliksek
akustik gii¢ seviyeleri sirasiyla 57.52 dB, 77.69 dB ve 95.75 dB olarak saptanmistir. Toleransin
artmastyla birlikte tonal giirtiltli artmistir.

3. SONUCLARIN DEGERLENDIRMESI

Anilan giiriiltii kaynaklarinin akustik giic seviyeleri karsilastirilmali olarak Cizelge 4’de
verilmektedir. En diislik giiriiltii seviyesine Gorsel 6’da ulasilmistir. En yiiksek giiriilti
seviyesine Gorsel 12°de ulagilmistir. Kanatta tirtik seklinde yapilarin olmasi daha laminer bir
akis yaratacagi icin dortdoner giirliltiisiinde azalmalar meydana getirecektir. Kanadin
aerodinamik tasarimi giiriiltl azaltimina yonelik optimum bir sekilde tasarimlansa dahi,
yataklama ve baglant1 elemanlarinin saftla olan toleransinin artmasi soncunda giiriiltii seviyesi
en st diizeye ¢ikacaktir. Kanat kalinliginin optimum giiriiltii azaltimina etkisi Gorsel 8’de
goriilmiistiir. 1 mm kalinlikta en iyi giiriiltii azaltimi saptanmugtir. Diger tarafta ise pervane ¢api
diistiikge giirtiltli azalabilir.
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Cizelge 4. Bir dortdoner benzetiminde ortaya ¢ikan akustik gii¢ seviyeleri (dB)

Gorsel 1 95.39
Gorsel 2 70.51
Gorsel 3 45.84
Gorsel 4 90.92
Gorsel 5 59.29
Gorsel 6 34.24
Gorsel 7 73.31
Gorsel 8 50.03
Gorsel 9 50.52
Gorsel 10 57.52
Gorsel 11 77.69
Gorsel 12 95.75

4. SONUC

Bu calisma ile dortdonerlerdeki giiriiltii kaynaklarinin siniflandirma yapilarak detayli bir
sekilde incelenmistir. Elektrik motoru giiriiltiisii, pervane giiriiltiisii, ylikleme giiriiltiisii, kanat
kalinlik giiriiltiisii, genis bant giirtiltiisii, kanat tiirbiilans etkilesimi giirtiltiisii, kanat iz etkilesimi
giiriiltiisii ve tonal giiriiltii olmak {izere 6ne ¢ikan giiriiltii kaynaklar1 ele alinmistir. Doner
giiriiltiisiine neden olan kaynaklarin daha iyi anlasilabilmesi i¢in bir dértdoner tasarimlanmis,
giiriiltiiye neden olan durumlar akis benzetimi ve modal analiz yardimiyla incelenmistir.
Goriilmiistiir ki, dortdonerlerde giiriiltiiniin optimum seviyede olabilmesi i¢in yataklama
elemanlarinin hassas toleransta se¢imi ve montaji1 biiyiik 6nem arz etmektedir. Rotor ve stator
arasindaki hava bosluklari mekanik titresimden kaynaklanan giiriiltiiye neden olabilmektedir.
Ayrica pervane kanadinin kalinlig1 da giiriiltiiye neden olmakta, dortdonerin genel aerodinamik
giiriiltii azaltimim1 ve vibroakustik durumunu etkilemektedir. Son kisimda, anilan giiriiltii
kaynaklarinin akustik gii¢ seviyeleri karsilagtirilmali olarak tablo halinde verilmis ve minimum
ses seviyeleri i¢in bazi dnerilerde bulunulmustur.
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Ozet

Beton, diisiik 1s1l iletkenligi ve yanmaz 6zellikleri sayesinde yap1 sektdriinde en yaygin
kullanilan malzemelerden biridir. Ancak yliksek sicaklik ve yangin etkisi altinda betonun
mekanik 6zelliklerinde ciddi bozulmalar meydana gelmektedir. Bu durum, 6zellikle yiiksek
dayanimli betonlarda spalling (par¢alanma) riskini artirmakta ve yapi giivenligini tehdit
etmektedir. Son yillarda, c¢evresel siirdiiriilebilirlik ve yangin giivenligi ihtiyaglari
dogrultusunda farkl1 beton tiirlerinin gelistirilmesi 6n plana ¢ikmistir.

Hafif betonlar ve geri doniistliriilmiis agregali beton (RAC), diistik 1s1l iletkenlikleri ve
gozenekli yapilart sayesinde yangina karsi yiiksek dayanim ve spalling direnci saglamaktadir.
Kalsiyum aliiminat ¢imentolu ve refrakter betonlar, asir1 yiiksek sicakliklara dayanikli yapilar
icin uygundur. Lif takviyeli betonlar, polipropilen, ¢elik, bazalt ve cam lifleri ile spalling riskini
azaltarak yangin dayanimini artirmaktadir. Geopolimer ise yiiksek sicakliklarda dayanimlarim
koruyabilmekte ve ¢evresel siirdiiriilebilirlik agisindan avantaj sunmaktadir.

Kompozit beton sistemleri, farkli beton tiirlerini stratejik olarak bir araya getirerek, hem
mekanik performanst hem de yangin dayanimini optimize etme imkani saglamaktadir. Bu
baglamda, geri doniistiiriilmiis ve ¢evre dostu malzemelerin yangin dayanimu ile birlestirilmesi,
hem yap1 giivenligi hem de siirdiiriilebilir yap1 tasarimi agisindan 6nemli firsatlar sunmaktadir.

Anahtar Kelimeler: Yangin dayanimi, hafif betonlar, geri doniistiiriilmiis agregali
betonlar, refraktor betonlar, geopolimer betonlar.

FIRE PERFORMANCE OF CONCRETE

Abstract

Concrete is one of the most widely used materials in the construction industry due to its
low thermal conductivity and non-combustible properties. However, under high temperatures
and fire exposure, the mechanical properties of concrete deteriorate significantly. This effect is
particularly critical in high-strength concretes, where spalling poses a substantial risk and
compromises structural safety. In recent years, the development of different concrete types has
gained prominence to meet the increasing demands for environmental sustainability and fire
safety.

Lightweight concrete and recycled aggregate concrete (RAC) provide high fire
resistance and reduced spalling due to their low thermal conductivity and porous structure.
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Calcium aluminate cement-based and refractory concretes are suitable for structures exposed
to extremely high temperatures. Fiber-reinforced concretes, incorporating polypropylene, steel,
basalt, or glass fibers, help mitigate spalling and enhance fire performance. Geopolymer
concrete retains its mechanical properties under elevated temperatures while offering
environmental benefits.

Composite concrete systems, which strategically combine different types of concrete,
allow for the optimization of both mechanical performance and fire resistance. In this context,
integrating recycled and eco-friendly materials with fire-resistant concrete presents significant
opportunities for enhancing structural safety and promoting sustainable construction practices.
Keywords: Fire resistance, lightweight concrete, recycled aggregate concrete, refractory
concrete, geopolymer concrete.

1. GIRIS

Diinya niifusunun hizla artmasi ve barinma ihtiyacinin bir sonucu olarak yapilasma hizi
giderek artmaktadir [1]. Yapilasma da en g¢ok tercih edilen yapim malzemesi ise yiiksek
dayanim, malzemeye erisim kolayligi, 1s1 iletiminin diisiik olmasi, diisiik maliyet gibi bir¢cok
avantaji ile beton olmaktadir. Betonun en 6nemli 6zelliklerinden biri de yangina kars1 direngli
bir malzeme olmasidir. Ozellikle betonun diisiik 1s1l iletkenligi sayesinde yangin esnasindaki
sicaklik gecislerini yavaglatarak tasiyict sistemin belirli bir siire ayakta kalmasia olanak
saglamaktadir [2]. Ama bu O6zellik belirli sicaklik sinirlart dahilinde ortaya c¢ikmaktadir.
Yangindaki sicaklik 250-300 °C’nin iizerine ¢ikacak olursa betonda fiziksel, kimyasal ve
mekanik Ozelliklerde degisimler ortaya cikmakta ve binadaki yapisal biitiinliik hasar
gormektedir [3].

Yangin sirasinda betonda bazi degisimler meydana gelmektedir. Ilk olarak betonda nem
kayb1 olusur, daha sonra gozenekler genislemeye baslar, yanginin devam etmesi durumunda
baglayici faz bozulur ve en son olarak dayanim kaybi olusmaya baslar [4]. Sicakligin 800
°C’nin lizerine ¢ikmasi durumunda baglayicilik iizelligi kaybolarak yeniden kristallesme ve
sinterlesme gibi doniisiimler olusarak betonun mekanik 6zelliklerinin azalmasina neden olur.
Yangin sirasinda olusan degisimler betonun i¢ yapisinda sirasiyla kiitle kaybi, mikro catlak
olusumu, parcalanarak dokiilme ve son olarak da dayanimin azalmasina neden olmaktadir.
Ozellikle yiiksek dayaniml1 betonlarda gdzeneklerin az olmasi yangin esnasinda i¢ basmcin ani
artmasina ve parcalanarak dokiilme asamasimin daha siddetli yasanmasina neden olmaktadir
[5]. .

Ozel beton tiirlerinde mekanik Ozelliklerin iyilestirilmesi amaclanir. Bu nedenle
geleneksel beton karisimlarina kiyasla farkli tiir malzeme kullanimlar1 séz konusudur. Ozel
betonlarda elde edilen mekanik iyilestirmeler ¢cogu zaman yangin dayanimi agisindan olumsuz
sonuclanmaktadir. Yiiksek dayanim icin betondaki gézeneklerin azaltilmasi yangin esnasinda
ic basingta ani artis ve pargalanarak dokiilmeye neden olur. Lifli betonlarda ise yangin
esnasindaki yiiksek sicakliklarda lif yapisinin bozulmasi betonda dayanim kayiplarina neden
olmaktadir [6].

Son yillarda eski yapilarin yikilip yeniden yapilmasi yerine gii¢lendirilerek kullanim1 da
giderek yayginlasmaktadir. Ozellikle yeniden yapim maliyetleri ile giiglendirme
kiyaslandiginda giiglendirilerek yapinin kullanimina devam etmek daha avantajli olmaktadir.
Ayrica gevreci bir yaklasim ile yeniden yapim sirasindaki karbondioksit saliniminin da 6niine
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gecilmis olmaktadir. Ancak yapilarda gii¢clendirme esnasinda yaygin olarak kullanilan polimer
tiirlerinin yangin dayanimlar1 endige vericidir. Baz: tiirler i¢in sicaklik iist limitleri sadece 80
°C’dir. Bu sicakligin iizerinde bir sicaklik goriiliirse yapisal bozulma baglayarak polimer
islevini kaybetmektedir [7].

Giiniimiizde betonun yangin performansi ile tasiyici kapasite arasindaki denge onemli
bir miihendislik problemi olarak karsimiza ¢ikmaktadir. Bu ¢alismada, geleneksel beton ve
alternatif betonlarin yangin performanslarinin anlasilmasi ve gelistirilmesi i¢in yapilan
caligmalar incelenerek sunulmustur. Farkli tiir malzemlerin kullanimi1 ile beton yangin
performasinda elde edilen sonuglar sunularak, betonun mekanik o6zellikleri {izerine etkileri
incelenmistir.

2. ALTERNATIF BETON TURLERI VE YANGIN DAYANIMLARI

Fiber takviyeli polimerler (FRP) betonarme yapilarda giiglendirme ve onarim amacli
olarak tasityici sistem elemanlarinda yaygin olarak kullanilmaktadir. FRP sistemleri diger
giiclendirme teknikleri olan ¢elik levhalar ile giiclendirme [8] ve Kesit biitlime ile
giiclendirmeye [9] kiyasla daha hafif ve korozyon dayanimi yiiksektir. Ayrica ¢ok daha yiiksek
mukavemet degerlerine ulasmaktadir. Ancak yangin esnasindaki dayanimi ise oldukea diisiiktiir
[7].

FRP aslinda polimer matrisler igine gomiilii durumdaki stirekli fiberler ile ortaya
cikmaktadir. Fiberler normal kosullarda sicakliga dayaniklidir. Ancak termoset yapidaki
polimer matrisler yliksek sicaklikta bozulmaya baglar. Tablo 1’de goriildiigii gibi polimerler 80
°C sicakliga kadar stabil iken 80-100 °C sicakliklarda ise cam gegisi ve polimerin viskos hale
gelmesi gozlenir. 100-300 °C sicaklik araliginda polimer ozellikleri giderek zayiflar ve daha
yiiksek sicakliklarda ise buharlagma, tutugsma ve komiirlesme gergeklesir [10].

Tablo 1. Sicakliga bagli olarak FRP yapisal bozulma safhalar [10]

Sicaklik °C Gozlenen bozulmalar
0-80 Polimer stabil
80-100 Cam gegisi, viskoz hale gecis
100-300 Polimer 6zelliklerinin zayiflamasi
300+ Buharlagsma, komiirlesme, tutusma

FRP ile giiglendirilen betonarme yapilarda yangin esnasinda sicaklik artis ile birlikte
yapisal tastyict elemanlarda rijitlik ve dayanim kayiplar1 baglamaktadir. FRP sisteminde
polimer matrisindeki ortaya ¢ikan bozunma ile gerilme aktarimlari zayiflar sonug¢ olarak
yapinin genel stabilitesi riskli hale gelir. Tablo 2°de FRP, beton ve ¢elik malzemelerinin
sicaklik dayanimlari sunulmustur [7,11].

Tablo 2. Bazi yapisal malzemelerin sicaklik dayanimlar [7,11]

Malzeme Dayanim bozulmalarinin basladig:
sicakhik (°C)
FRP 80-100
Beton 300
Celik 400-600
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FRP ile gliclendirilmis yapilarda yangin esnasinda dayanimi artirmak ¢esitli calismalar
yapilmaktadir. Yangin dayanimini artirmak i¢in kalsiyum silikat levha, al¢1 panel, tas yiinii ve
yangina dayanikli siva gibi malzemeler kullanilmaktadir. Bu tiir malzemeler genellikle diistik
1s1 iletkenligine sahiptir. Ayrica yliksek 6zgiil 1s1 ve betonla iyi yapisma 6zelligi sayesinde FRP
malzemesinin yangin sirasinda korunmasini saglamaktadir. Genel olarak yalitimsiz binalarda
yapisal bozunma 80-100 °C aralifinda baslarken, yalitimli binalarda 400 °C sicakliga kadar
yapisal stabilite korunmaktadir [7,12].

Yangin dayanimi agisindan onemli bir beton tiirii olarak hafif betonlar karsimiza
cikmaktadir. Hafif betonlar sinterleme ile elde edilen hafif agregalar ile tiretilmektedir [13].
Biinyesinde ¢ok fazla gdzenek olmasi 1s1l iletkenliginin diisiik olmasini, diigiik 1s1l genlesme
katsayisint ve daha yiiksek 1s1l kararliligin olmasini saglamaktadir [14]. Yangin maruziyeti
sonrasinda hafif betonlarin ¢atlama dayanimi, akma dayanimi ve nihai dayanim gibi mekanik
ozelliklerini %90-95 civarinda korudugu goriilmektedir. Ayrica yangin sonrasi rijitlik ve
stineklik gibi yapisal 6zelliklerin de korundugu gozlemlenmistir [13].

Siirdiiriilebilirlik adina 6nemli bir konu olan atik malzemelerin degerlendirilmesi, beton
i¢in de son derece énemlidir. Ozellikle agregalarin geri doniisiimii giincel ve dnemli bir ¢aligma
konusudur. Geri doniistiiriilmiis agregalarin mekanik o6zellikler {izerine 6nemli etkilerinin
oldugu ge¢mis ¢alismalardan anlasilmaktadir [15,16]. Ancak sadece dayanim agisindan degil
aynt zamanda 1sil iletkenlik adina da Onemli katkilart olmaktadir. Geri doniistiirilmiis
agregadan tretilen betonlarin 1s1l iletkenligi normal betonlara gore daha diisiiktiir [17]. Yiiksek
sicakliklarda ise genlesmenin az olmasi biitiinliigiin korunmasina 6nemli katkilar saglamaktadir
[16].

Refrakter betonlar yiiksek sicakliga dayanikli agregalar ile {iretilmektedir [18].
Kompozit bir malzeme olan refrakter betonlar genis sicaklik araliklarinin olustugu, 1sil
maruziyetin yiiksek oldugu c¢imento fabrikalari, metaliirji endiistrisi gibi bir¢ok alanda
kullanilmaktadir [19]. Bu tiir betonlarda genellikle kalsiyum aliiminat ¢imentolari
kullanilmaktadir. Portland ¢imentolarina gére birgok avantaji bulunan bu ¢imento tiiriiniin
iretim maliyeti de portlan ¢imentosunun dort veya bes kati civarlarindadir [20]. Kalsiyum
alliminat ¢imentosu ile hazirlanmis karistmlarda 1000 °C’nin iizerindeki sicaklik artiglarinda
sinterlesme ve kalsiyum aliiminat fazlarinin yeniden kristallesmesi sonucu dayanim artislari
olabilmektedir [21]. Ayrica 20-800 °C sicaklik araliginda da kalsiyum aliiminat esasl
betonlarin portland ¢imentosu betonuna gore daha yliksek basing dayanimi, elastisite modiilii
ve tokluk gosterdigi goriilmektedir [22].

Yangin dayanimi agisindan Onemli bir beton tiirii de geopolimer betonlardir.
Geopolimer betonlar ilk olarak 1978 yilinda Davidovits tarafindan ii¢ boyutlu amorf
aluminosilikatlar ig¢in gelistirilmistir [23]. Prizini almis geopolimer betonu zorlu hava
kosullarina ve 1000—1200 °C sicaklik degerlerine kadar dayanabilmektedir [23]. Her ne kadar
yliksek 1silarda dayanim sagla dahi belirli sicakliktan sonra geopolimer betonlarda da dayanim
kaybi, ¢atlamalar ve dokiilmeler gerceklesir [24]. Beton ylizeyindeki dokiilmeleri azaltmak igin
de polipropilen liflerin kullanim1 olumlu sonuglar vermektedir [25].

3. SONUCLAR
Beton hayatin igerisinde vazgecilemez yap1 malzemelerinden biridir. Bu nedenle eksik
yoOnlerinin giderilerek iyilestirilmesi ve daha gilivenilir hale getirilmesi 6nemli bir husustur.
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Yangin dayanimi da betonun gelistirilmesi gereken 6nemli konulardan biridir. Yangin dayanimi
beton igerisinde kullanilan baglayici tiiriine, agrega tiiriine, lif katkisina ve i¢ yap1 durumuna
gore degiskenlik gostermektedir. Ozellikle hafif betonlar ve geri déniistiiriilmiis agrega
kullanilan betonlarin 1s1l yalitim1 6n plana ¢ikarken; refrakter betonlar veya kalsiyum aliiminat
cimentolu betonlar yiiksek sicakliklara dayaniklilik ile 6n plana ¢ikmaktadir. Geopolimer
betonlar ise hem siirdiiriilebilirlik hem de yliksek sicaklik dayanimi ile dikkat ¢ekmektedir.

Yapida malzeme se¢imi sirasinda yangina maruziyet siiresi ve yapmin kullanim
amacina baglh olarak yapilmalidir. Diisiik ve orta sicaklik seviyelerinde bir maruz kalma sz
konusu ise geri doniistiiriilmiis agrega betonu veya hafif betonlar tercih edilmelidir. Daha
yiiksek sicakliklar s6z konusu ise kalsiyum aliiminat ¢imentolu betonlar veya refraktor betonlar
tercih edilmelidir. Yiiksek dayanimli betonlarin kullanilmasi durumunda eger yangina maruz
kalma s6z konusu ise polipropilen lifler ya da ¢elik lifler kullanilmalidir.

Betonun yangin dayanimi lizerine bu degerlendirmede, farkli beton tiirlerinin avantajlari
ve dezavantajlar1 incelenmistir. Bu calismanin, yapisal giivenlik ve stirdiiriilebilirlik adina
stratejiler gelistirilmesi ve bilimsel ¢aligmalarin artirilmast adina bir farkindalik olusturmasi
amaclanmistir. Gelecek caligmalarda bahsedilen eksiklikler {izerine yapilacak aragtirmalar ile
yangina dayanikli beton tasarimi ve uygulamalarinin daha gilivenli ve verimli olmasi
saglanacaktir.
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ABSTRACT

The earthquakes centered in Kahramanmaras on February 6, 2023 caused serious
destruction across a wide area in southeastern Turkiye and brought post-disaster reconstruction
processes to the forefront of the country's agenda. This study aims to evaluate the concept of
“project area” in terms of planning, spatial adequacy, and sustainability through the Iskenderun
Mustafa Kemal Neighbourhood 3rd Stage TOKI Project, which was carried out within the scope
of reserve area applications in the post-disaster period. The study analyzed criteria such as
social facility standards, green space and parking balance, and access to education and
healthcare. The findings reveal that planning decisions focus significantly on physical needs,
but social infrastructure adequacy and participatory planning processes remain insufficient. The
study emphasizes that project areas in post-disaster reconstruction processes should focus not
only on physical but also on social and environmental resilience.

Keywords : February 6 Earthquakes, Reconstruction, Project Area, Area Analysis.

1. INTRODUCTION

Turkey is located in one of the world's most active seismic zones due to its geological
position[1,2]. The two major earthquakes that occurred on February 6, 2023, centered in
Kahramanmaras, caused a major disaster in terms of both loss of life and destruction. This
destruction is the largest in Turkey's earthquake history. As a result of these earthquakes, 11
provinces were directly affected, more than 52,000 lives were lost, millions of people were left
homeless, and many settlements were completely destroyed. Therefore, the cities affected by
the earthquake had to be replanned[2-5].

In the post-disaster period, the state's priority policy was to rapidly produce housing and
meet shelter needs. For this reason, many reserve housing areas were designated in coordination
with the Ministry of Environment, Urbanization, and Climate Change (CSB) and the Housing
Development Administration (TOKI). These areas, located outside disaster-prone regions, have
become the primary tools for reconstruction in places that are safe in terms of ground conditions
and where infrastructure can be established[6-8]. In this process, the need for rapid housing
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production has often overshadowed elements such as social infrastructure planning,
environmental sustainability, and community participation.

This study analyzes how the reconstruction process took shape at the project area scale,
using the Mustafa Kemal Neighbourhood 3rd Stage TOKI Project in the Iskenderun district of
Hatay province after the February 6 earthquakes as an example (Figure 1). The aim of the study
is to evaluate the spatial outcomes of post-disaster reconstruction policies and to determine the
physical adequacy level of project areas and their compliance with planning principles.

2 / \ >
. !‘ ¢ 4 /, A ‘
\\ 7

Figure ‘1. Planning area
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2.MATERIALS AND METHODS

The material for the study consists of statistical information regarding the plan data,
distribution of social facilities, parking lot and green area sizes for the Iskenderun Mustafa
Kemal Neighbourhood 3rd Stage TOKI Project Area. Current data obtained from the Housing
Development Administration (TOKI), Iskenderun Municipality, and the Ministry of
Environment, Urbanization, and Climate Change were analyzed in the NETCAD environment.

The study area is located near the Mediterranean coast, within the urban fabric, at
36°33'56.2* north latitude and 36°09'21.9” east longitude. The neighborhood population is
17,412 as of 2024. According to TOKI data, the Phase 3 project area consists of 6 islands and
a total of 669 residences. This area is covered by a 1/1000 scale implementation zoning plan,
and the floor area ratio (FAR) values range from 1.50 to 1.70.

The study adopted an evaluation approach based on planning analysis. First, the plan
data were examined within the scope of the Spatial Plans Construction Regulation, the Planned
Areas Zoning Regulation, the Parking Regulation, and the Law on the Transformation of Areas
at Risk of Disaster (6306) [9-14]. Subsequently, the quantities of social facilities, green areas,
and parking lots in the project area were compared with the per capita standards stipulated in
the legislation.
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In addition, field observations and plan explanations obtained from municipal technical
units were used to support the findings of the study. This method revealed both the spatial
planning integrity and the deficiencies in implementation.

3. FINDINGS AND DISCUSSION

The analysis revealed that the spatial organization of the project area is quite orderly,
but the social amenities fall short of standards. The area features a road gradient ranging from
5 to 25 meters. Looking at the research findings, there are two 25-meter roads parallel to the
area boundary in the aforementioned road gradation. Within the area, there are five different
road widths: 15 meters, 12 meters, 10 meters, 7 meters, and 5 meters (Figure 2). This situation
is advantageous in terms of the transportation network and roads within the area boundary.

-

Figure 2. Transport network

Contrary to the situation in the transportation network, the distribution of social
infrastructure around the project is not homogeneous. Four different green areas have been
identified in the planning area. Despite this, the amount of green space per person falls below
the standards specified in the Planned Areas Zoning Regulations. Furthermore, there is no

sports area, and the nearest sports facility is 500 meters away and can only serve a portion of
the area (Figure 3).
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Figure 3. Green spaces

When examining the educational areas, it was observed that a primary school was
located within a 500-metre service radius, but the secondary school area was inadequate due to

distance. Although the secondary school area appeared adequate within a 2,500-metre service
radius, it did not provide spatial continuity in terms of accessibility (Figure 4).

Figure 4. Educational facilities
There is no healthcare facility within the project area. However, as there is a state

hospital located 1,500 metres away, access to basic healthcare services can be considered
adequate (Figure 5).
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Figure 5. Health facilities

In terms of places of worship, adequacy has been ensured within a 250-metre service
radius (Figure 6).

Figure 6. Places of worship

Car park analyses reveal a significant shortfall in the project area. Although a total of
669 parking spaces are required for 669 residential units, the current capacity is only 428 spaces.
This represents a shortfall of 241 spaces. Similarly, while the green space area is 16,286 m?, the
required amount is 20,740 m?, indicating a shortfall of approximately 4,454 m?. These
circumstances cause serious green space and parking problems.

Another noteworthy point in terms of planning is that, despite the increase in green
space, the production of quality public spaces remains limited. Most of the existing parks and
pedestrian axes consist of small-scale areas with poor access connections that do not support
shade or social use. This finding indicates that the projects focus on physical adequacy but fall
short in terms of social sustainability.

In post-disaster reconstruction processes, factors such as speed, cost, and safe housing
production become priorities. However, this rapid implementation model often overshadows
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important principles such as participatory planning, preservation of local identity, and social
integration. In the case of Mustafa Kemal Neighbourhood, the planning carried out by TOKI
using a standard project approach did not sufficiently consider local social dynamics.

Although the fundamental principle targeted in the post-earthquake process was the
construction of resilient cities, housing production and physical infrastructure elements have
predominantly come to the fore in the project areas. However, for post-disaster recovery to be
sustainable, not only housing but also education, health, social life and economic employment
opportunities must be spatially integrated.

The lack of parking spaces and green areas observed in the Iskenderun example is
indicative of this lack of comprehensive planning. Furthermore, considering the geographical
and climatic characteristics of the area, ecological planning approaches (rainwater
management, microclimate regulation, green corridors) have not been sufficiently integrated.
This situation poses a risk in terms of long-term sustainability.

4. CONCLUSIONS AND RECOMMENDATIONS

This study, which aims to examine the reconstruction policies implemented after the 6
February earthquakes at the project area scale, presents a comprehensive analysis based on the
Iskenderun Mustafa Kemal Neighbourhood 3rd Stage TOKI Project. The findings show that
post-disaster planning focused on speed and shelter needs, while not sufficiently considering
social infrastructure and environmental sustainability.

According to the results obtained, the most critical deficiencies in the project area are
the lack of green space, parking, and sports facilities. This situation has negative effects on
quality of life and urban ecology. In the planning process, a minimum requirement of one
parking space per dwelling and a standard of 10 m? of green space per person should be
considered. Revision plans should be made for areas falling below these standards. In addition,
functions can be transferred from islands with excess green space to areas with insufficient
space. The main strategies recommended for sustainable reconstruction are listed below. These
are;

* Energy efficiency and renewable energy systems (e.g. solar panels) should be
integrated into project areas.

* Participatory planning processes should be strengthened, and residents' suggestions
should be incorporated into the design.

* Social service areas, particularly children's playgrounds, sports facilities and cultural
centres, should be increased.

* Environmental management policies (waste separation, water recovery, green
infrastructure) should be implemented.

* Transport planning should be redesigned to include pedestrian-priority and cycle lanes.

The project area is not only a physical housing production but also a planning tool
representing the reconstruction of society. Therefore, each reserve area application should be
designed with sensitivity to local needs, environmental sustainability, and socio-cultural
identity. Thus, post-disaster reconstruction can achieve the potential to produce resilient and
sustainable cities.
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MALZEME VE CEVRESEL ETKi ACISINDAN JEOPOLIiMER BETONLARDA
GUNCEL GELISMELER
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Ozet

Geleneksel Portland ¢imentosunun liretiminde ortaya ¢ikan yiiksek karbon emisyonlari,
ingaat sektoriinde siirdiiriilebilir malzeme arayislarini hizlandirmistir. Bu agidan jeopolimer
beton (JPB), ugucu kiil, yiiksek firin clirufu, metakaolin ve ¢esitli endiistriyel atiklarin alkali
aktivasyonu ile elde edilen, ¢evre dostu ve yiiksek performansli bir alternatif olarak one
cikmaktadir. Literatiirde yapilan g¢aligmalar, bu malzemelerin jeopolimer betonun basing
dayanimi, dayaniklilik ve mikro yapisini 6nemli dl¢tlide iyilestirdigini gostermektedir. Ayrica
yasam dongiisii analizleri, alkali aktivatorlerin iiretim yontemi ve enerji karmasina bagli olarak
JPB’nin kiiresel 1smnma potansiyelinde %64’e varan azalma saglayabildigini ortaya
koymaktadir. Son yillarda ise konu ile ilgili yaym sayilarinda hizli bir artis oldugu,
aragtirmalarin  6zellikle malzeme optimizasyonu, dayaniklilik ve mikro yap1 iizerinde
yogunlastig1 goriilmektedir. Bununla birlikte, uzun donem saha performansi, standartlagsma ve
maliyet etkinligi konularinda 6nemli eksiklikler bulunmaktadir. Genel olarak jeopolimer beton,
stirdiiriilebilirlik ve yiiksek performans agisindan konvansiyonel betona giiclii bir alternatif
sunmakta ve ingaat sektoriinde yesil doniisiim icin stratejik bir potansiyel tasimaktadir.
Anahtar Kelimeler: Jeopolimer beton, siirdiiriilebilirlik, ugucu kiil, metakaolin, yiiksek firin
ciirufu.

RECENT DEVELOPMENTS IN GEOPOLYMER CONCRETES IN TERMS OF
MATERIALS AND ENVIRONMENTAL IMPACT

Abstract

The high carbon emissions resulting from the production of conventional Portland
cement have accelerated the search for sustainable materials in the construction sector. In this
regard, geopolymer concrete (GPC), produced by the alkali activation of fly ash, ground
granulated blast furnace slag, metakaolin, and various industrial wastes, emerges as an
environmentally friendly and high-performance alternative. Studies in the literature
demonstrate that these materials significantly improve the compressive strength, durability, and
microstructure of geopolymer concrete. Moreover, life cycle assessments reveal that, depending
on the production method of alkaline activators and the energy mix, GPC can achieve up to a
64% reduction in global warming potential. In recent years, there has been a rapid increase in
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the number of publications on this subject, with research focusing particularly on material
optimization, durability, and microstructure. However, there are still notable gaps regarding
long-term field performance, standardization, and cost-effectiveness. Overall, geopolymer
concrete offers a strong alternative to conventional concrete in terms of both sustainability and
high performance, and it holds strategic potential for the green transformation of the
construction industry.

Keywords: Geopolymer concrete, sustainability, fly ash, metakaolin, ground granulated blast
furnace slag.

4. GIRIS

Ingaat sektorii, diinya ekonomisinin énemli bir pargasidir [1]. Ancak bu 6zelliginin yan1
sira yliksek miktarlarda atik tiretimi ve CO2 gaz1 emisyonuna neden olmaktadir [2]. Beton ise
diisiik maliyet, malzemeye erisim kolayligi, farkli uygulama tiirlerine olanak tanimasi gibi
avantajlar1 sayesinde diinya genelinde kullanilan en yaygin yapi malzemesidir [3]. Betonun
temel liretim malzemesi olan ¢imentonun iiretimi, ingaat sektoriindeki CO2 gazi saliniminin
onemli bir miktarini olusturmaktadir. Cimento iiretimi esnasinda agiga ¢ikan CO2 gazi
antropojenik emisyonlarin yaklagik olarak %6-7’sini olusturmaktadir [4,5]. Buna ek olarak
cimento tiretimi siraisnda kullanilan dogal hammaddelerin agir tiiketimi, ¢evresel bozulma ve
ekosistemlerin degisimine neden olmaktadir [6].

Artan sanayilesme ve buna bagli olarak artan kentsel yapilasma ile beton talebi
artmaktadir. Artan beton talebi ardinda ise ¢evresel sorunlar giderek daha derinlesmektedir. Bu
nedenle siirdiiriilebilir ve c¢evre dostu malzemelerin gelistirilmesi artik kagmilmaz bir
zorunluluk haline gelmistir [7]. Jeopolimer teknolojisi, ¢evre dostu bir alternatif olarak
karsimiza ¢ikmaktadir. 1978’de Joseph Davidovits tarafindan kavramsallastirilan
jeopolimerler, ¢evresel avantajlari, yiiksek mekanik dayanimlari ve atik degerlendirme
potansiyelleri nedeniyle giiniimiizde yogun sekilde arastirilmaktadir [8]. Jeopolimer beton
(JPB) aliiminosilikat kaynakli endiistriyel ve tarimsal yan iiriinlerin (ugucu kiil, metakaolin,
piring kabugu kiilii, yiiksek firin ciirufu v.b.) kullanilmasiyla iiretilir. JPB iiretiminde kullanilan
alkali aktivatorler ise baglayict bir yapr olusmasina katki saglarlar. Bu baglayicilar,
polikondensasyon reaksiyonu ile silikon-oksi-aliiminat zincirleri meydana getirmekte ve bunun
sonucu olarak malzemenin dayanimini artirmaktadir [9]. JPB’nin iiretimi esnasinda agiga ¢ikan
CO: gaz1 geleneksel portlan ¢imentosu tiretimi esnasinda agian ¢ikan gazdan yaklasik olarak
%64 daha azdir [10]. Bu 6zelligi ile JPB ¢evre dostu ve siirdiiriilebilir bir malzeme olarak
karsimiza ¢ikmaktadir.

JPB’nin performansi iizerindeki onemli faktorlerden biri kullanilan malzemelerin
icerigindeki kalsiyum miktaridir. Diisiik kalsium igerikli malzemeler (F sinifi ugucu kiil, silika
dumani, kirmizi ¢amur, kalsine kaolin, pirin¢ kabugu kiilii), yiiksek kalsiyum icerikli
malzemelere (C smifi ugucu ki, yiiksek firin ciirufu) gore farkli mekanik 6zellikler
sergilemektedir [11,12]. Yiiksek firin ciirufu, alkali aktivatorlerle daha hizli ¢éziinmekte ve
buna bagl olarak betonun erken dayanimini artirmakta, islenebilirligi iyilestirmektedir [13].
Ayrica nanomalzemeler ve nanokil katkilari, mikro bosluklar1 doldurarak dayanimi ve
dayaniklilig1 artirmakta ve jeopolimer baglayicinin jel olusumunu hizlandirmaktadir [14,15].

JPB’nin yiiksek basing dayanimi, yangin direnci ve asidik kosullara dayaniklilik gibi
bircok avantaji1 bulunmaktadir. Ancak normal beton yine de bazi 6zelliklerinin 1yilestirilmesi

231



MCADEy,

»

\ LONFERg,
o ¥z,

A\
EITIEN

AVRASYA 14th INTERNATIONAL CONFERENCE ON APPLIED SCIENCES October 17-19, 2025 - TBILISI
CONFERENCE BOOK - ISBN : 978-625-5694-42-3

gerekmetedir. Bu nedenle lif takviyeli JPB de onemli bir arastirma konusu olmaktadir. Fiber
takviyeli polimerler (FRP) veya dogal seliilozik lifler (keten, sisal, bambu v.b.) kullanimi1
betonun ¢ekme mukavemetini, egilme mukavemetini, siinekligini ve enerji soniimlemesini
artirirken, ¢atlak olusumu ve donati ihtiyacini azaltmaktadir [16-18]. Bu sayede JPB’nin
stirdiirtilebilirligi ve yapisal verimliligi artmaktadir [12].

Bu calismada JPB ile ilgili giincel ¢calismalar degerlendirilmistir. Genel olarak malzeme
ile ilgili gelismeler ve ¢evresel etkiler dikkate alinarak degerlendirmeler yapilmstir.

5. JEOPOLIMER BETONLARDA GELISMELER
Son yillarda JPB ¢aligmalarina ilgi giderek artmaktadir. Sekil 1°de yillara gore JPB ile
ilgili galismalarin sayilari paylasiimigtir [19].
JEOPOLIMER BETON CALISMALARI
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Sekil 1. Yillara gore jeopolimer beton ¢alismalari [19]

JPB’nin iiretiminde farkli puzolanik baglayicilar kullanilabilmektedir. Bunlardan biride
metakaolindir. Metakaolin JPB teknolojisinde en ¢ok kullanilan aliiminosilikatlardan biridir
[20]. Metakaolin, kaolinitin isimli dogal kil mineralinin belirli sicaklik araliklarinda
kalsinasyonu sonucu ortaya ¢ikmaktadir. Bu aktif aktif yapidaki baglayici, alkali ¢ozeltiler
sayesinde c¢oziinerek jeopolimerlesme siireci ile baglayicilik zincirleri olusmasini
saglamaktadir [21,22]. Metakaolin esasli jeopolimerler yiiksek basing dayanimi, diisiik
gecirgenlik, asit direnci, yiiksek yangin dayanimi gibi bir¢ok mekanik 6zellige sahiptir. Ayrica
metakaolinin diisiik kalsinasyon sicakligi sayesinde enerji tiiketimi de azalmakta cevreci bir
malzeme ortaya ¢ikmaktadir [23]. Gegmis yillarda yapilan ¢alismalar Metakaolinin tek basina
ya da ugucu kiil, yliksek firin ciirufu gibi diger endiistriyel yan tirtinler ile kullanilmasinin uygun
oldugu gostermistir. Yiiksek firin ciiriifu ile birlikte kullanimi erken yas dayanimini artirirken,
ucucu kiil ile birlikte kullanimi ise uzun vadeli dayanim kazanimlari saglamaktadir [24,25].

JPB iiretiminde kullanilan bir diger endiistriyel yan fliriinde yiiksek firin ctirufudur.
Yiiksek firin clirufu demir-gelik iiretimi esnasinda yan iriin olarak elde edilen bir baglayict
malzemedir [26]. Yiiksek firin ciirufu oldukga yiiksek bir reaktiviteye sahip olmasi nedeniyle
onemli bir baslangi¢c malzemesidir. Jeopolimer baglayici olusumuna katki saglayarak yiiksek
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mekanik 6zellikler elde edilmesini saglamaktadir. Normal protlan ¢cimentosuna gore daha diistik
enerji ile uretilmesi karbon ayak izini diistirmektedir. Ayrica demir-gelik sektoriinde ortaya
cikan atik bir malzeme olmasi da atiklarin degerlendirilmesi adina ¢evre dostu bir malzeme
olmasini saglamaktadir [27]. Yiiksek firin cilirufu siilfat saldirisina karsi daha yiiksek direng
gostermekte, ince taneli boyutu sayesinde daha diisiik gecgirgenlik ve suya karst dayaniklilik
saglamaktadir [28,29]. I¢ yapinin daha iyi anlagilmasi igin Sekil 2°de SEM goriintiisii
verilmistir. Hidratasyon siirecindeki 1sinin azalmasi ise termal ¢atlak olusumunu azaltmaktadir.
Bu sayede yiiksek hacimli dokiimler ve zorlu g¢evresel kosullar i¢in 6nemli bir alternatif
olusturmaktadir.

A

20pm EHT= 5004V Mags 500X 20pm EHT« 5004V Mage 500X

WO = 6.0mm Signal A = InLens Dete: 260t 2002 r Wo= 60mm Signal A= InLens Dot 35 O aiat
a) Metakaolin b) Yiiksek firin ciirufu

Sekil 2. SEM goriintiileri; a) Metakaolin, b) Yiiksek firin ciirufu [30]

Ugucu kiiller JPB iiretiminde kullanilan, komiirle ¢alisan termik santrallerde komiir
yanmasi sonucu olusan ve baca gazlariyla kazanlardan ¢ikan ince pargaciklardan meydana
gelen endiistriyel bir yan iriindiir [31,32]. Ugucu kiillerin jeopolimer beton iiretimi igin en
onemli Ozelligi puzolanik reaksiyon gostermesidir. Ugucu kiiller kalsiyum hidroksit ile
reaksiyon gostererek betonun mekanik ozelliklerine katki saglamaktadir. Ugucu kiiller bu
ozelligi ile uzun yillardir portland ¢imentosuna ikame olarak da kullanilmaktadir [32,33].
Ucgucu kil icerikli jeopolimerlerin oda sicakliginda diisiik dayanim sergilemektedir. Ancak kiir
sicakligr ile dayanim dogru orantilidir. Bu durum ugucu kiil kullanimini sinirlandirmaktadir
[34]. Ugucu kiil ¢evresel agidan da bir ¢ok avantaji bir arada saglamaktadir. Ugucu kiiller atik
malzeme oldugu icin diisiik maliyetlidir. Ayrica beton icerisinde ¢imento yerine kullanilmasi
CO2 gaz1 salinimimi azaltmaktadir. Aktivasyon igin gerekli olan sodyum silikat ¢ozeltisinin
diger alternatiflerine gore ugucu kiilde daha az olmasi1 da 6nemli bir ¢cevre dostu ozelligidir
[35,36].

JPB igerisinde atik malzemelerin kullanimi 6nemli bir ¢alisma alanidir. Mermer tozu,
cam tozu, bazalt tozu v.b. bircok atik malzemenin kullanimi sayesinde ¢evresel kirlenme
onlenirken portland ¢imentosu iiretimi sirasinda agigan ¢ikan sera gazlari da azalmis olur [37].
Mermer dolomit ve kiregtaginin yiiksek sicaklik ve basing altinda yeniden kristallesmesi ile
olusmaktadir. Giiniimiizde mermer Misir, italya, Hindistan, Tiirkiye gibi bircok iilkede
¢ikarilmaktadir. Mermerler, dogal tas ocaklarindan bloklar halinde ¢ikarilarak fabrikalarda
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islenmektedir. Bu islemler esnasinda ortaya ¢ikan mermer tozu ise atik bir maddedir [38].
Mermer tozunun beton igerisinde kullanimi g¢ekirdeklenme, bosluk doldurma ve benzeri
faydalar saglamaktadir. Ayrica ¢imentonun aliiminyum fazi ile reaksiyon gosterebilecek 6zel
bir kimyasal aktiviteye de sahiptir [39]. Bu nedenle ¢gimentoya ikame olarak kullaniminin uygun
oldugu goriilmektedir [40]. Birgok ¢alismada ugucu kiil, silis dumani, metakaolin gibi
endiistriyel yan iiriinler ile birlikte kullanilmistir [41].

6. SONUCLAR

Jeopolimer betonlar, son yillarda siirdiiriilebilir yapim malzemeleri agisindan 6nemli bir
alternatif olarak goriilmektedir. Portland ¢imentosunun iiretimi sirasinda harcanan enerji, sera
gazi salmimi ve dogal kaynaklarin tiikketimi dikkate alindiginda, jeopolimer betonlar hem
cevreci yoniiyle hem de mekanik kazanimlari ile 6nemli avantajlar saglamaktadir.

Jeopolimer betonlarin sagladig1 dikkate deger avantajlar bu yonde ¢aligmalart artirmis
ve malzeme acisindan gelismeler yasanmstir. Ozellikle metakaolin, ugucu kiil, yiiksek firin
clirufu, mermer tozu ve cam tozu gibi endiistriyel atiklar ve yan {irlinler jeopolimer beton
iretiminde kullanilmaya calisilmistir. Sonu¢ olarak bir¢ok ¢alismada bu malzemelerin
jeopolimer betonun performansini artirdig1 goriilmiistiir. Cevresel agidan ise bu malzemelerin
kullanim1 ile endiistriyel atiklarin degerlendirilmesi saglanmis, ayni zamanda c¢imento
kullanimini azaltarak karbon emisyonunu azaltmaya katki saglamistir.

Sonug olarak jeopolimer betonlar geleneksel betonlara gore performans: yiikse ve
stirdiiriilebilir bir beton tiiriidiir. Baz1 dezavantajlar1 giderilerek énemli bir yapim malzemesi
olarak kullamm alanlar1 genisletilebilir. Ozellikle oda sicakliginda kiir kosullarmin
saglanabilmesi 6nemli bir adim olacaktir. Ayn1 zamanda genel uygulamalar i¢in konu ile ilgili
standartlar ve uygulama klavuzlari artirilarak dogru ve etkili uygulamalar gergeklestirilmelidir.
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ABSTRACT

One of the most urgent needs following disasters is shelter. Although tent cities offer a
quick solution, their unplanned establishment leads to infrastructure, security, and social
life problems. This study aims to emphasise the importance of creating pre-disaster tent
city plans. The study compares international standards (Sphere Project, UNHCR Shelter
Guidelines) with practices in Tiirkiye, creating and analysing a Tent City Plan for the Arsuz
district of Hatay as an example. The Arsuz plan identifies four different proposed areas,
with capacities ranging from 1,500 to 6,000 people. The diversity of transport links, the
adequacy of infrastructure facilities, and the absence of flood risks are the strengths of the
plan. Its weaknesses are the lack of building stock data and the insufficient disaster
awareness of the public. The findings reveal that the development of pre-disaster tent city
plans is critical for local authorities and disaster management agencies. In conclusion, the
experiences gained from the Arsuz example offer an applicable and scalable model for
disaster management in Tiirkiye.

Keywords : Emergency Shelter, Tent City, Post-Disaster Living, Disaster in Development
Plans.

1. INTRODUCTION

One of the most fundamental needs arising after disasters is the rapid provision of
safe and healthy shelter. Earthquakes, floods, fires and other types of disasters render
residential areas uninhabitable, creating a shelter need for a large number of people in a
short period of time [1,2]. In this context, tent cities stand out as one of the fastest methods
that can be implemented among temporary shelter solutions. However, unplanned and
sudden setups lead to problems such as inadequate infrastructure, fire safety risks, lack of
social amenities, and hygiene issues, making post-disaster life difficult [3,4].

The UNHCR Shelter Guidelines, developed at the international level, define the
criteria that post-disaster temporary shelter areas must meet in terms of capacity,
infrastructure, space per person, and social services [5-7]. However, in Tiirkiye, tent city



ACADEg
¥
s

»

ONFERg
w b e,
Ky 5,

AVRASYA 14th INTERNATIONAL CONFERENCE ON APPLIED SCIENCES October 17-19, 2025 - TBILISI

-
e
Z,
=
z
=

CONFERENCE BOOK - ISBN : 978-625-5694-42-3

planning is generally carried out immediately after the disaster, under crisis conditions and
with limited data, which leads to delays in implementation and failure to meet standards.
The 6 February 2023 Kahramanmaras Earthquakes, in particular, clearly revealed the lack
of pre-disaster preparedness plans, resulting in significant problems in meeting the
temporary shelter needs of millions of people [8,9].

This study highlights the importance of preparing pre-disaster tent city plans and,
in this context, presents a sample plan and Tent City Plan prepared for the Arsuz district of
Hatay (Figure 1).
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Figure 1. Arsuz Geographical Location Map

The Arsuz Tent City Plan has been developed taking into account both geographical
conditions and population density, with a capacity calculated to provide shelter for tens of
thousands of people across four different areas. The plan's strengths, weaknesses and
feasibility are being evaluated and compared with international standards. Thus, the
prepared planning approach to post-disaster shelter needs is being discussed in terms of
both Tiirkiye's disaster management policies and local governments' disaster preparedness
processes.

2. MATERIALS AND METHODS)

This study employs both a literature review and a sample plan analysis approach as
its methodology. In the first stage, international standards and guidelines related to the
planning of temporary shelter areas after disasters were examined. In this context, the
Sphere Project Humanitarian Standards and UNHCR Shelter Guidelines were particularly
taken into account, and criteria such as minimum space per person, infrastructure
requirements, health and social facility standards were determined [10]. In addition, reports
on temporary shelter centres prepared by AFAD in Tiirkiye and relevant legislation
(Zoning Law No. 3194, Disaster Law No. 7269) were reviewed [11,12].

In the second stage, the Arsuz Tent City Plan that was created was examined. The
plan covers 12,500 hectares of the Arsuz district in Hatay province. This plan proposes
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four separate tent city areas in different regions, primarily in the Akgali, Gokmeydan,
Giilcihan and Karaagag¢ neighbourhoods (Figure 2). The sizes of these areas range from
33,000 m? to 85,000 m?, and capacity calculations indicate accommodation possibilities
ranging from 1,500 to 6,000 people. The study conducted a comparative assessment of the
areas in question, taking into account their size, population capacity, geographical location,
accessibility, and distance from disaster risks.

Tent City e

Tent City
Area No.3

Tent City
Area No.2

Tent City
Area No.1

Figure 2. Tent Cities

In the third stage, the objective-target-action matrix and SWOT (Strengths,
Weaknesses, Opportunities, Threats) analysis included in the Arsuz tent city plan were
systematically examined. Strengths, weaknesses, opportunities and threats were identified.
Thus, both the strengths of the Arsuz tent city plan and the areas requiring improvement
were revealed.

In the final stage, recommendations were made for the development of pre-disaster
tent city plans in light of the findings, and how these could be integrated into Tirkiye 's
disaster management system was discussed.
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3. FINDINGS AND DISCUSSION

The Arsuz Tent City Plan examined in this study offers a comprehensive approach
to post-disaster shelter needs. The plan proposes four separate tent city areas at different
points in the district. These areas differ in terms of size, capacity and geographical
conditions. The first area has an area of 33,000 m? and is expected to have a capacity of
approximately 1,500-2,000 people. The second area, located in the GoOkmeydan
neighbourhood, has an area of 70,000 m? and is planned to accommodate 3,500—4,000
people. The third area is located between Giilcihan—Madenli-Asagikepirge and has an area
of 60,000 m? with a capacity of approximately 3,000 people. The fourth area stands out as
the largest, covering 85,000 m? in Karaaga¢ Mabhallesi, and is designed to accommodate
5,500-6,000 people. The common features of these areas include their distance from flood
risks, proximity to transport networks, and the integration of health facilities and social
amenities.

The SWOT analysis prepared to highlight the strengths and weaknesses of the plan
is presented in Table 1.

Table 1. Arsuz Tent City Plan SWOT Analysis

Strengths Weaknesses Opportunities Threats
The variety of transport The public's lack of Opportunities for )
) ) ) ) ) ) Risk of ground
connections (road, rail, awareness of disasters, cooperation with public ) i
o ) o liquefaction
proximity to ports) lack of education institutions and NGOs
Adequate infrastructure o Easy access to resources ] .
o Absence of building . . Rapid growth in the
facilities (water, (equipment, vehicles, . .
o stock data city's population
electricity) personnel)
Selecting tent city ]
] Inadequacy of ground ] ] The health risks posed by
locations away from Rapid response capacity ]
) ) surveys and ) ) riverbeds and water
flood and torrential rain ) following a disaster
) improvement works sources
risks
) Insufficient public Potential for integration ) )
Planning of health and ) ) ) Odour, flies and disease
) o awareness of emergency  into national disaster o
social facilities B risks in the area
assembly areas management policies

As seen in the table, the plan's strongest aspects are its transport options,
infrastructure adequacy and the selection of areas away from flood risks. However, the lack
of building stock data, insufficient public awareness of disasters and inadequate ground
improvements are notable weaknesses. Furthermore, while opportunities for inter-
institutional cooperation could enhance the plan's feasibility, threats such as soil
liquefaction and rapid population growth pose risks during implementation.

Overall, the findings indicate that the Arsuz Tent City Plan offers a sufficient and
scalable model in terms of capacity, but requires improvement in terms of data gaps and
public awareness.
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The Arsuz Tent City Plan stands out as a model project in the context of disaster
preparedness in Tiirkiye. The fact that the plan has been developed in four different areas
offers a significant advantage in terms of capacity diversity and geographical distribution
in possible disaster scenarios. Furthermore, proximity to transport networks, the relative
adequacy of infrastructure facilities, and the integration of health and social amenities are
among the plan's strengths.

However, when compared to international standards, this plan also has some
notable shortcomings. According to the Sphere Standards, temporary shelter areas after a
disaster should provide at least 3.5-4.5 m? of living space per person. The capacity
calculations in the Arsuz tent city plan are consistent with the area sizes. However, the
UNHCR Shelter Guidelines set minimum criteria for the distribution of health, education,
security, and social facilities, and the Arsuz tent city plan should be detailed according to
these criteria.

Another point of discussion is the lack of public awareness of disasters and building
stock data. Although the plan includes spatially correct locations, shortcomings in social
preparedness may limit the effectiveness of its implementation. This is because the
sustainability of post-disaster tent cities is directly related not only to area size and capacity
but also to public participation and awareness levels. Therefore, the proposed tent city areas
in Arsuz must be introduced to the public, supported by educational programmes, and
building stock data must be updated.

Furthermore, the plan's feasibility must also be assessed in terms of ground surveys
and geological risks. Ground liquefaction and potential flood risks are seen as factors that
could threaten the long-term safety of tent city areas. This situation is directly related to
the ‘safe ground selection’ criterion emphasised in the Sphere Standards. The Arsuz tent
city plan must be based on more detailed microzoning and risk analyses at this point.

In conclusion, the Arsuz Tent City Plan can be considered an important example
that local authorities should develop in the pre-disaster preparedness process. However, in
order to bring it into line with international standards, capacity calculations need to be
clarified, infrastructure details need to be strengthened, and social awareness efforts need
to be increased. In this way, the plan can become not only a spatial preparedness document,
but also a comprehensive model that can be integrated into Tiirkiye 's disaster management
strategies.

4. CONCLUSIONS AND RECOMMENDATIONS

This study highlights the importance of pre-prepared tent city plans in addressing
the critical post-disaster need for shelter. The Arsuz Tent City Plan examined is a
noteworthy example developed at the local government level in Tiirkiye as part of pre-
disaster preparedness. The plan has the capacity to provide shelter for tens of thousands of
people across four different areas. Proximity to transport networks, location away from
flood risks, and the planning of social amenities are among the model's strengths.
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However, when compared to international standards, the plan has some
shortcomings. The lack of clear calculations of the amount of space per person, the lack of
building stock data, the insufficient disaster awareness of the public, and the limited ground
surveys stand out as significant weaknesses. Addressing these shortcomings will increase
the plan's feasibility and sustainability.

Based on the findings of the study, the following recommendations have been
developed:

» Widespread Use of Prepared Plans: Pre-disaster tent city plans should be prepared
and regularly updated in all provinces and districts throughout Tiirkiye.

* Compliance with International Standards: Criteria for space per person,
infrastructure, health, and social services should be integrated into the plans in accordance
with Sphere and UNHCR standards.

« Strengthening Spatial Analyses: Microzoning, ground surveys, and risk maps
should be used as fundamental criteria in selecting tent city locations.

* Social Participation and Awareness: Informing the public during the pre-disaster
period and introducing assembly areas will increase the effectiveness of the plans.

» Data Integration: Data such as building stock, population density, and
infrastructure capacity should be kept up to date and integrated into tent city plans.

 Institutional Coordination: Coordination between AFAD, municipalities,
ministries, and civil society organisations should be strengthened to increase the feasibility
of the plans.

In conclusion, the Arsuz example provides an applicable and scalable model for
how ready-made tent city plans can be developed in disaster management in Tiirkiye.
Preparing such plans before a disaster strikes will not only solve the accommodation
problem during a crisis but will also contribute to rapid response in disaster management,
efficient use of resources, and increased social resilience.
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OZET

Enerji verimliligi, glinlimiizde artan enerji maliyetleri ve ¢cevresel kaygilar nedeniyle sanayi
tesisleri icin biiyiik nem tagimaktadir. Ozellikle fosil yakitlarin yogun olarak kullanildig
kazan sistemlerinde, atik 1sinin geri kazanimi hem ekonomik fayda saglamakta hem de
emisyonlar1 azaltarak c¢evresel silirdiiriilebilirlige katkida bulunmaktadir. Bu dogrultuda,
kazanlardan ¢ikan baca gazi enerjisinin yeniden degerlendirilmesini saglayan
ekonomizerler, enerji geri kazanim sistemlerinin temel bilesenlerinden biridir. Bu
calismada, diiz borulu ve double S finli borulu olmak tizere iki farkli ekonomizer tasarimi
1s1 transferi agisindan karsilastirilmistir. Is1 transfer analizleri SolidWorks Flow Simulation
programi kullanilarak yapilmig, performans Olgiimleri ise FireCAD yazilimi ile
gergeklestirilmistir. Elde edilen sonuglar, double S finli borulu tasarimin ylizey alanini
artirarak 1s1 transferini 6nemli 6lciide 1yilestirdigini ve buna bagh olarak kazan verimini
artirdigin1 gostermektedir. Calisma, boru geometrisinin enerji geri kazanimi lizerindeki
etkisini ortaya koyarak, daha verimli kazan sistemlerinin tasarimi i¢in 6nemli bir referans
sunmaktadir.

Anahtar Kelimeler: Ekonomizer, Is1 degistiriciler, Is1 transferi

ABSTRACT

Energy efficiency is of great importance for industrial facilities due to increasing energy
costs and environmental concerns today. Especially in boiler systems where fossil fuels are
used extensively, the recovery of waste heat provides both economic benefits and
contributes to environmental sustainability by reducing emissions. Accordingly,
economizers, which enable the re-evaluation of flue gas energy from boilers, are one of the
key components of energy recovery systems. In this study, two different economizer
designs, straight tube and double S finned tube, were compared in terms of heat transfer.
Heat transfer analyzes were performed using the SolidWorks Flow Simulation program,
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and performance measurements were made with FireCAD software. The results obtained
show that the double S finned tubular design significantly improves heat transfer by
increasing the surface area and accordingly increases boiler efficiency. The study reveals
the impact of pipe geometry on energy recovery, providing an important reference for the
design of more efficient boiler systems.

Key Words: Economizer, Heat exchangers, Heat transfer

1. GIRIS

Ist degistiriciler, birbirine karigmadan farkli sicakliklardaki akiskanlar arasinda 1s1
aligverisini gergeklestiren sistemlerdir (Akmese B. 2023). Bu ekipmanlar, enerji verimliligi
ve proses kontrolii agisindan bir¢ok endiistriyel uygulamada kritik oneme sahiptir.
Kullanim alanlar1 arasinda termik santraller, merkezi 1sitma sistemleri, kimya ve ilag

sanayi, otomotiv sektorii, metalurji (6zellikle demir-gelik tiretimi) ve enddistriyel sogutma
sistemleri yer almaktadir (Akmese B. 2023).

Is1 degistiricilerin tasarimi ve sec¢imi, uygulamanin gereksinimlerine gore degiskenlik
gosterir (Ceri, B., Koca, T. 2022). Secim kriterleri arasinda;

. Akiskan sayisi ve tiirii,

. Akiskanlarin termofiziksel 6zellikleri (viskozite, 6zgiil 1s1, 1s1 iletkenligi vb.),

. Faz degisimi olup olmamasi (6rnegin buharlasma, yogusma),

. Akas yonleri (kars1 akis, paralel akis, capraz akis),

. Is1 transfer mekanizmasi (duvar gecisli, dogrudan temash vb.) gibi parametreler yer
alir.

Bu degiskenler dogrultusunda, boru demetli, kabuk-boru tipi, plakali, serpantinli, hava
sogutmali veya rejeneratif gibi farkli tipte 1s1 degistiriciler kullanilabilir.

Ekonomizerler, kazandan ¢ikan atik baca gazinin i¢erdigi 1siy1 kullanarak kazan besleme
sistemindeki akiskani 1sitan bir tiir 1s1 degistiricilerdir (Balikei, A., Ceri, B., Koca, T. 2022).
Bu sistemler, baca gazlarindaki termal enerjinin bir boliimiinii geri kazanarak suya aktarir
ve boylece yakit tiiketimini azaltirken kazan verimliligini artirir. Ekonomizerler; kizgin
yag kazanlari, buhar kazanlari, sicak su sistemi ve kizgin su sistemlerinde yaygin olarak
kullanilmakta olup, tesisin ihtiyacina gore 1sitma ve sicak su temininde 6nemli bir rol
oynar.

Ekonomizerlerde elde edilen 1s1, sadece kazan besleme suyunu 1sitmak icin degil, ayni
zamanda tesislerde 1sitma, banyo veya yikama gibi kullanim amaglartyla suyu 1sitmak i¢in
de kullanilabilir (Citir, H., 2013). Geri kazanilan 1sinin hava veya bagka bir gazin
1sitilmasinda kullanilmasi durumunda, ekonomizer yerine hava 1siticilari tercih edilir.

Ekonomizerler yapilarina gore farkl alt tiirlere ayrilir:

1.1.Diiz veya Firkete Borulu Ekonomizerler

. Genellikle kat1 ve s1vi1 yakitli (komiir, fuel-oil vb.) sistemlerde, baca gazi kirliliginin
yiiksek oldugu ortamlarda kullanilir (Cakar, N. 2022).
. Bu yapy, yiiksek sicakliktaki kirli gazlardan 1s1 geri kazanimi i¢in uygundur.

1.2 .Kanatli Borulu Ekonomizerler
246
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Temiz yanma gazlari iireten sistemler i¢in tasarlanmaistir.

Dogalgaz, LPG gibi yakitlarda ortaya ¢ikan daha temiz baca gazlarindan etkin 1s1
geri

kazanimi saglar.

1.2.1. Helezon ve spiral Borulu Ekonomizerler

. Yapisal olarak daha dayaniklidir ve baca gazlarindaki kirlilikten minimum
etkilenir.
. Bu nedenle, her tiir yakitla calisan sistemlerde giivenle kullanilabilir.

Ekonomizerler, kazan sistemlerinin enerji verimliligini artirmak ve atik 1s1y1 geri kazanmak
acisindan son derece Onemli ekipmanlardir. Asir1 sicaklik degisimlerini 6nlemek igin
besleme suyu eckonomizerlerde isitilarak kazana gonderilir (Cakar, N. 2022). Dogru
tasarim, uygun boru sec¢imi, malzeme kalitesi ve baca gaz1 o6zelliklerine uygun
yapilandirma ile hem yakit tasarrufu saglanir hem de c¢evresel etkiler azaltilir.

Ekonomizerlerin ¢alisma prensibi;
. Sicak baca gazi, kazan ¢ikisindan sonra ekonomizerin girisine yonlendirilir.

. Ekonomizerin i¢inden ise soguk besleme suyu ters yonde (karsi akisli sistemlerde)
veya ayni yonde (paralel akish sistemlerde) sirkiile edilir.

. Gaz ve su arasinda 1s1 transferi gergeklesir:
Baca gazi sogurken,
Besleme suyu 6n 1sitilir.

. On 1sitilmis su, kazana gonderilerek daha az enerji ile buharlastirilir. Bu da yakat
tasarrufu ve verim artig1 saglar.

EKONOMIZER BACA GAZI
GiRis SICAKLIGI
ECONOMIZER FLUE GAS
ENTRY TEMPERATURE
240°C DOGALGAZ
KAZANI
BESI SUYU EKONOMIZER  BEsisuvu GASFIRED
DEGM?R SICAKLIGI ECONOMIZER SICAKLIGI BOILERS
DR FEEDWATER FEEDWATER
et TEMPERATURE TEMPERATURE .
FEED WATER 102'¢ 135°¢ .
EKONOMIZERBACA GAZI
CIKIS SICAKLIGI
ECONOMIZER FLUE GAS
EXIT TEMPERATURE
130°C
B

Gorsel 1. Ekonomizer Calisma Prensibi

Bu tip 1s1 degistiricilerinde, akiskanlardan biri i¢ borudan, digeri ise i¢ ve dis boru
arasindaki bosluktan farkli yonlerde akar. Is1 transfer verimini artirmak amaciyla seri veya
paralel bagli ¢esitli tasarim uygulamalart gelistirilmistir. Bir¢ok farkli sistemde kullanim
alan1 bulur. Teorik hesaplamalari, diger 1s1 degistirici tiplerine gére daha kolaydir; ayrica,
kolay sokiiliip takilabilme 6zelligi temizlik ve bakim islemlerini de pratik hale getirir.

1.3.  Boru Tiplerine Gore Ekonomizer Cesitleri

247



¢

»

ACADEg
¥
s

ONFER
u“‘\ . M‘:‘.r

»

AVRASYA 14th INTERNATIONAL CONFERENCE ON APPLIED SCIENCES October 17-19, 2025 - TBILISI

-
e
Z,
=
z
=

CONFERENCE BOOK - ISBN : 978-625-5694-42-3

1.3.1. Diiz Borulu Ekonomizerler

Komiir, fuel oil, vb. yakitlardan kaynaklanan goreceli olarak kirli olan duman gazlarindan
1s1 geri kazanmak i¢in kullanilirlar. Diigiik seviyedeki basing sartlarinda diiz borulu, yiiksek
basinglarda ise dirsek doniis (U) borulu tipleri kullanilir (Citir, H., 2013).

b 5

Gorsel 2. Diiz Borulu Ekonomizer

Bu 151 degistiricilerinde, bir akiskan i¢ borudan, digeri ise borular arasindaki bosluktan zit
yonlerde akar. Is1 transferini maksimize etmek i¢in farkli tasarimlar uygulanabilir ve
cihazlar seri veya paralel sekilde baglanabilir. Cesitli sistemlerde kullanilabilen bu tip 1s1
degistiricilerin hesaplamalar1 diger tiirlere gore daha basittir ve kolay sokiiliip
takilabildikleri i¢in temizlikleri de oldukga pratiktir.

Gorsel 3. Diiz Boru

1.3.2. Double S Finli Borulu Ekonomizerler

Endiistriyel kazan sistemlerinde, genellikle kanatli borulu ekonomizerler tercih
edilmektedir. Bu tip ekonomizerlerde, sistemin ¢alisma sicakligina bagl olarak boru ve
kanat malzemesi uygun sekilde se¢ilmektedir.

Duman gazindan suya 1s1 transferi gerceklestiginde, 1s1 iletimi duman gazi tarafinda su
tarafina kiyasla oldukga diisiik olur. Bu nedenle, duman gazi tarafinda kanatli borular
kullanilarak 1s1 transfer ylizey alani artirilmakta ve bdylece toplam 1s1 gecis miktari
yukseltilmektedir. Ancak kanatli borulu yapilar, toz ve partikiil igerigi yiiksek olan
ortamlardan olumsuz etkilenir. Bu nedenle, kat1 yakitla ¢alisan kazanlarda kanatli borulu
ekonomizerlerin kullanim1 6nerilmez. Siv1 yakith sistemlerde, olusabilecek kurum ve atik
birikimini 6nlemek amaciyla kanatciklar arasi mesafe genis tutulur, boylece temizlik
ithtiyact azaltilir ve 1s1 transfer performansi korunur. Tiim kanatli ekonomizer modellerinde,
diizenli temizlik ve bakim yapilabilmesi i¢in hava veya buharla ¢alisan kurum temizleme
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»

sistemleri entegre edilmistir. Bu sayede sistemin uzun siire verimli ¢alismasi
saglanmaktadir.

Gorsel 4. Double S Finli Boru

2. MATERYAL VE METOD
2.1. Ekonomizer Tasarim Analizi

Yapilan analizlere gore, 1s1 degistiricilerin tasariminda en belirleyici parametreler
performans ve boyutlaridir. Tasarimsal olarak 2 farkli analiz yapilmistir.

Is1 transfer ve akis hizi 6l¢iim icin kullanilan FireCAD programi sayesinde 1s1 transfer
degerlendirilmesi yapilmistir ve analiz ¢alismalar yiiriitilmustiir. Calisma sonucunda
analiz ve modelleme islemi Solidworks Flow Simiilasyon programinda yapilmistir.

Analizde kullanilan kazanin kapasitesi 14000Nm?’tiir.
2.1.1 Diiz Borulu Ekonomizer Parametreleri

Yapilan analizdeki parametreler;

Su giris sicakligr 102°C’de 5 bar ile gerceklestirilmistir.

Gaz giris sicakligi 200°C’de 1 bar ile gergeklestirilmistir.
Boru boyu L:1000 milimetre

Boru ¢ap1 ©50.8 mm’dir.

Gaz giris hiz1 v=6.59m/sn’dir.

Yapilan analiz sonucunda gaz ¢ikis sicakligl 126.5°C ¢ikmastir.
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FireCAD programindan alinan verilere gore; basing kaybi 9,52 kg/cm2, 1sitma yiizey alani

141,98m2 bulunmustur.

Tomparature (0]

CutPlot 1 contours
CutPlot 2 contours
Moration = 644
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Gorsel 5. Diiz Boru Tasarim Parametresi

File AddFuel Print Run Help
NEHo¢0%90Q
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Gorsel 6. Ekonomizer Performans EtKisi

Temperature [°C]

Cut Plot 1: contours
Cut Plot 2: contours
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Gorsel 7. Diiz Borulu Ekonomizer Sicaklik Analiz Gosterimi

P 0 @ akine 24 men 00 M5
@ m Bte 000 M tnt b am b

Gorsel 8. Diiz Borulu Ekonomizer Hiz Analiz Gosterimi

2.1.2 Double S Borulu Ekonomizer Parametreleri
Yapilan analizdeki parametreler;
Su giris sicakligi 102°C’de 5 bar ile gerceklestirilmistir.
Gaz giris sicaklig1 200°C’de 1 bar ile gergeklestirilmistir.
Boru boyumuz L: 750 milimetre
Boru ¢ap1 ©¥42.4 mm’dir.
Gaz giris hiz1 v=6.38m/sn’dir

Yapilan analiz sonucunda gaz ¢ikis sicakligi 127°C ¢ikmustir.

Gorsel 9. Double S Finli Boru Tasarim Parametresi
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Gorsel 10. Ekonomizer Performans Etkisi

FireCAD programindan alinan verilere gore; basing kayb1 6,9 kg/cm2, 1sitma yiizey alan
203,52 m2 bulunmustur.
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e 178.60
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Cut Plot 1: contours 102.00
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Iteration = 231 Cut Plot 1: contours
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Gorsel 11. Double S Finli Borulu Ekonomizer Sicaklik Gosterim Analizi
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2828
25613
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1.885
1.571
1.257
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0314
o
Velocity [m/s)

Cut Plot 1: contours
Cut Plot 2: contours

Iteration = 231

CutPlot 1: contours
Cut Plot 2: contours

Rteration = 231

Gorsel 12. Double S Finli Borulu Ekonomizer Hiz Gosterim Analizi

3. SONUCLAR VE DEGERLENDIRME

Yapilan Solidworks Flow Simulation analizi ile FireCAD ekonomizer performans 6l¢iim
programi sonuglarina gore;

Basing kaybinin en diisiik degeri double s finli borulunun oldugu sistemde olmustur. Basing
kayb1 diiz borulu sistemde 9.52kg/cm?, double s finli boruda ise 6.9 kg/cm? olmustur.

Ayni sicakliga sahip gaz ve su akigkanlarinda farkli ylizey alanlar1 verileri tespit edilmistir.
Diiz borulu ekonomizerde 141.98m?, double s finli borulu ekonomizerde 203.52m? elde
edilmistir.

Baca gazindan ¢ikan gazin sicakligi da diiz borulu ekonomizerde 127.75 oC, double S finli
borulu ekonomizerde 127.89 oC ¢ikmustir. Yani 2 sistemde de baca gazi ¢ikis sicakligi
neredeyse ayni degerlere sahip olmustur.

Yapilan analizler 1s181nda boru tipini degistirerek maliyet acisindan azalmalar meydana
gelmistir. Kazan verim artisini en iyi saglayan diiz borulu ekonomizer ile elde edilmistir.
Kazan verimi artis1 sayesinde yakit tiiketiminde azalmalar meydana gelmistir. Diisiik baca
gaz1 sicakligl sayesinde emisyon degerlerinde azalma saglanmistir. Bu sayede daha ¢evreci
sistemler olusturulabilmektedir.
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OZET

Enerji, is yapabilme yetenegi olarak tanimlanmaktadir. Baska bir ifadeyle, enerji bir
sistemin ya da nesnenin is yapabilme kapasitesini belirleyen bir 6zelliktir. Giliniimiizde
enerji kaynaklarinin giderek azalmasi ve enerji maliyetlerinin artmasi, enerji verimliligi
kavramini her zamankinden daha 6nemli hale getirmistir. Ozellikle sanayi tesislerinde ve
enerji liretiminde kullanilan kazan sistemleri, biiylik miktarda enerji tiiketmekte ve 6nemli
Olciide atik 1s1 liretmektedir. Bu sistemlerde enerji kayiplarini en aza indirerek verimliligi
artirmak, hem ekonomik kazang¢ saglamakta hem de ¢evresel etkileri azaltmaktadir. Bu
baglamda, atik 1s1 geri kazanim sistemlerinden biri olan ekonomizerler, enerji verimliligini
artirmada 6nemli bir rol tistlenmektedir.

Bu calismada, ekonomizer sistemlerinde kullanilan farkli boru tiplerinin (diiz boru ve finli
boru) 1s1 transfer performansina olan etkileri teorik ve sayisal analizler yardimiyla
incelenmistir. Boru tipi, 1s1 transfer yiizeyi iizerinde dogrudan etkili olan bir parametre
olup, sistem verimliligi iizerinde belirleyici rol oynamaktadir. Ozellikle finli borular,
artirllmig ylizey alani sayesinde daha yliksek 1s1 transferi saglayabilmekte, bu da daha
kompakt ve verimli sistemlerin tasarlanmasina olanak tanimaktadir. Analizler, Solidworks
Flow Simulation ve FireCAD programlar1 kullanilarak gerceklestirilmistir. Solidworks
Flow Simulation ile borular igerisindeki akigkan davranisi, sicaklik dagilimlari ve 1s1 akist
gibi parametreler incelenmis; FireCAD yazilimi ile ise kazan ve ekonomizer sisteminin
genel 1s1l performansi hesaplanmistir. Elde edilen veriler 1s181nda, farkli boru tiplerinin
sistem performansina etkisi karsilagtirmali olarak degerlendirilmistir.

Anahtar Kelimeler: Kazan, Ekonomizer, Is1 degistiriciler

ABSTRACT

Energy is defined as the ability to do work. In other words, energy is a property that
determines the capacity of a system or object to do work. Today, the gradual decrease in
energy resources and the increase in energy costs have made the concept of energy
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efficiency more important than ever. Boiler systems, especially those used in industrial
facilities and energy production, consume large amounts of energy and produce significant
waste heat. Increasing efficiency by minimizing energy losses in these systems provides
both economic gains and reduces environmental impacts. In this context, economizers, one
of the waste heat recovery systems, play an important role in increasing energy efficiency.

In this study, the effects of different pipe types (straight pipe and finned pipe) used in
economizer systems on heat transfer performance were examined with the help of
theoretical and numerical analysis. The type of pipe is a parameter that has a direct effect
on the heat transfer surface and plays a decisive role in the efficiency of the system. Finned
pipes, in particular, can achieve higher heat transfer due to their increased surface area,
which allows for the design of more compact and efficient systems. The analyses were
performed using Solidworks Flow Simulation and FireCAD programs. With Solidworks
Flow Simulation, parameters such as fluid behavior, temperature distributions and heat flux
in pipes were examined; With FireCAD software, the general thermal performance of the
boiler and economizer system was calculated. In the light of the data obtained, the effect
of different pipe types on system performance was evaluated comparatively.

Key Words: Boiler, Economizer, Heat exchangers

1. GIRIS

Is1 degistiricileri, farkli sicakliklarda olan ve birbirine karigsmayan akiskanlar arasindaki 1s1
transferini saglayan cihazlardir (Ceri, B., Koca, T.,2022). Is1 degistiricilerinin kullanim
alanlarina Ornek olarak; termik santraller, 1sitma, ila¢ endiistrisi, tasitlarda, demir celik
endistrisi, sogutma tesisatlar1 vb. verebilir. Kullanim yerlerine gore degisik tiplerde
imalatlar1 yapilabilmektedir. Is1 degistiricisi seciminde etkili faktorler; akiskan sayisi,
akiskanin yapisal ozellikleri, akiskanlarin faz degisimleri, akiskanin akis sekli, 1s1 transfer
mekanizmasi gibi etkenlerdir.

Is1 degistiricilerinde 1s1 tasinim katsayisinin yiiksek olmasi istenilmektedir (Akmese,
2023). Is1 degistiricilerinde, borularin i¢ yiizeyinden yiiksek basingh gazlar gecerken, dis
ylzeyinde daha diisilk basingli gazlar dolasir. Bu durum, boru igindeki 1s1 transfer
katsayisinin dis tarafa gore daha yiiksek olmasina neden olur. Borunun dis yiizeyindeki 1s1
transfer katsayisini artirmak i¢in, boru {lizerine ¢apraz akis yonlendirmesi uygulanabilir.

Enerji geri kazanimi, hem maliyetleri diistlirerek isletmelerin rekabet giiciinii korumas1 hem
de emisyonlar1 azaltarak cevresel siirdiiriilebilirligin saglanmasi acisindan giiniimiizde
biiyiik 6nem tasimaktadir. Bu cercevede, 6zellikle fosil yakit tiikketiminin yogun oldugu
kazan sistemlerinde, enerji verimliligini artirmaya yonelik teknolojiler biiylik 6nem
kazanmistir. Bu teknolojilerin basinda yer alan ekonomizerler, atik baca gazlarindaki 1sinin
geri kazanilmasinda etkin bir rol oynar.

Ekonomizerler, kazan sistemlerinden ¢ikan yiiksek sicakliktaki baca gazlarmin igerdigi
atik 1s1y1 geri kazanarak, bu 1s1y1 kazan besleme suyuna aktaran 1s1 degistirici cihazlardir
(Balikei, A., Ceri, B., Koca, T. (2022). Bu sayede, su kazana girmeden 6nce belirli bir
sicakliga ulasir ve bu 6n 1sitma islemi sayesinde yakat tiikketimi azalirken sistem verimliligi
artar. Ekonomizerlerde kazanilan 1s1, kazan besleme suyuna verilebilecegi gibi, tesiste
1s1tma, banyo, yikama, vb. amaglar i¢in kullanilacak suya da verilebilir. (Citir, H., (2013).
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Cakar, N. (2022) calismasinda ekonomizer tasariminda LMTD ve &-NTU yontemleri
kullanilmis, 120 kanat¢ikli serpantinli, 6 gegisli ve 5 siral1 bir sistem tasarlamistir. Etkenligi
0,71 olan bu sistemde, bakir malzeme tercih edilmistir. 500 litrelik su, 435 saniyede
20°C'den 60°C'ye 1s1t1lmis, baca gazi sicakligi 71,2°C’den 50°C’ye diisiiriilmiistiir. Sistem,
ANSYS CFD ile analiz edilmis ve teorik sonuglarla uyumlu bulunmustur. Ozagdas, E.
(2020) c¢alismasinda, dogal gazla calisan bir kazanda olusan atik baca gazi 1sisindan
yararlanilarak bir ekonomizer tasarlanmis ve sistemin ekonomik verimliligi incelemistir.
Tasarim siirecinde logaritmik ortalama sicaklik farki ve NTU yontemi kullanilmistir.
Ekonomizer, paslanmaz c¢elik yatay borulardan olusturulmus olup, yogusmasiz tiptedir.
Sistemin uygulanabilirligi, kazan bacalarindaki 1s1 kaybinin geri kazanimi ile
degerlendirilmis ve amortisman siiresi ile ekonomik émrii analiz edilmistir.

Enerji geri kazanimi saglayan bu sistemler, basta buhar kazanlar1 olmak iizere, kizgin yag,
sicak su ve kizgin su kazanlarinda yaygin olarak kullaniimaktadir.

gaz damperi

baca

by pass \ /
Kl EKONQUIZER

e / o=

m
|

Gorsel 1. Tipik Bir Ekonomizer Uygulamasi Yerlesim Semasi

Ekonomizerlerde 1s1 transferi esas olarak konveksiyon yoluyla ger¢eklesmektedir. Duman
gazlarina gore, suyun 1s1 iletim katsayis1 daha yliksek oldugundan, sistemdeki toplam 1s1
transfer katsayisi, genellikle duman gaz tarafindaki katsayiya yakin degerlerde olusur. Bu
katsaymin degeri; duman gazinin giris hiz1 ve sicakligi, ekonomizerin geometrik tasarima,
1s1 transfer yiizeylerinin temizlik durumu gibi birgok faktdre bagli olarak degisiklik
gostermektedir.

Is1 transferini artirmak amaciyla, 6zellikle duman gaz tarafinda kanatli borular tercih
edilmektedir. Bu tiir borular, yiizey alanini artirarak 1s1 gegisini iyilestirirken, ayni zamanda
yiizey sicakliklarini yiikselttigi i¢in yogusma riskini de azaltir. Bu da ozellikle diisiik
sicaklik korozyonunun oniine gecilmesinde 6nemli bir avantaj saglar. Tipik olarak,
ekonomizerlerde duman gazi hiz1 4 ila 15 m/s araliginda segilir.

1.4. Boru Tiplerine Gore Ekonomizer Cesitleri
1.1.1 Diiz Borulu Ekonomizerler

Komiir, fuel oil, vb. yakitlardan elde edilen nispeten kirli duman gazlarindan 1s1 geri
kazanimi amaciyla kullanilirlar. Citir, H., (2013). Diisiik basingl sistemlerde diiz borulu
tipler, yiiksek basingli uygulamalarda ise dirsek doniislii (U borulu) tipler tercih edilir.
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Gorsel 2. Diiz Borulu Ekonomizer

Bu tip 1s1 degistiricilerinde, akigkanlardan biri i¢ borudan, digeri ise i¢ ve dis boru
arasindaki bosluktan farkli yonlerde akar. Is1 transfer verimini artirmak amaciyla seri veya
paralel bagli ¢esitli tasarim uygulamalar1 gelistirilmistir. Birgok farkli sistemde kullanim
alan1 bulur. Teorik hesaplamalari, diger 1s1 degistirici tiplerine gore daha kolaydir; ayrica,
kolay sokiiliip takilabilme 6zelligi temizlik ve bakim islemlerini de pratik hale getirir.

Duman Gazi [

_\nm
3 o
5 @

,_

N |-Su Girigi

-
|
|_Duman
Cilagt

Gorsel 4. Diiz Borulu Ekonomizer Sematik Gosterimi
1.1.2 Finli Borulu Ekonomizer

Finli borular ¢esitleri farkli imalat yontemleriyle iiretilerek kullanima sunulur. Finli
borular;
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Standart Punta Kaynakl1
Stirekli Kaynakli

Yiiksek Frekans Kaynakli
G-Finli

L- Finli seklinde siniflandirilirlar.

Bu sistemlerde, 1s1 transfer ylizeyini artirmak amaciyla borularin dis ylizeyine fin
(kanatgik) adi verilen ince metal yiizeyler eklenir. Bdylece daha fazla 1s1 transferi
saglanarak enerji verimliligi artirilir.

Gorsel 5. Finli Boru

2. MATERYAL VE METOD
2.1. Diiz Borulu Ekonomizer Parametreleri

Yapilan analizdeki parametreler;

Su giris sicakligi 102°C’de 5 bar ile gerceklestirilmistir.

Gaz giris sicaklig1 200°C’de 1 bar ile gergeklestirilmistir.
Boru boyu L:1000 milimetre

Boru c¢ap1 ©50.8 mm’dir.

Gaz giris hiz1 v=6.59m/sn’dir.

Yapilan analiz sonucunda gaz ¢ikis sicakligr 126.5°C ¢ikmaistir.
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Gorsel 6. Diiz Boru Tasarim Parametresi
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! Performance Details
-w:fp?, X VeterOutTemp 12054
s-Counter GasOulTemplichal) 12775
WaterPass-Parallel Total Draft Loss
Ductifidh WaterPressDrop
Ductlength HeatLoad
Heating Surf Area
Gas Mass Vel
Overall HTC 0%
Water Flow 4140
Unis - MKS
MKS

Kgh, Temp-deg
sMassFlow-kghr GasMassVeloc:

.

Gorsel 7. Ekonomizer Performans EtKisi
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Gorsel 8. Diiz Borulu Ekonomizer Sicaklik Analiz Gosterimi

Gorsel 9. Diiz Borulu Ekonomizer Hiz Analiz Gosterimi
2.2. Finli Borulu Ekonomizer Parametreleri
Yapilan analizdeki parametreleri;
Su giris sicakligi 102°C’de 5 bar ile gerceklestirilmistir.
Gaz giris sicaklig1 200°C’de 1 bar ile gergeklestirilmistir.
Boru boyu L: 750 milimetre
Boru ¢ap1 ©926.9 mm’dir.
Gaz giris hiz1 v=8.16m/sn’dir

Yapilan analiz sonucunda gaz ¢ikis sicaklig 128°C ¢ikmustr.

1547

130
o
=
=

.S

Gorsel 10. Finli Boru Tasarim Parametresi
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Gorsel 11. Ekonomizer Performans Etkisi

Gorsel 12. Finli Borulu Ekonomizer Sicaklik Gosterim Analizi
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Gorsel 13. Finli Borulu Ekonomizer Hiz Gosterim Analizi

3. SONUCLAR VE DEGERLENDIRME

Yapilan Solidworks Flow Simation analizi ve FireCAD ekonomizer performans 6lgiim
programi sonucunda;

Basing kaybi en diisiik Double S Finli Borulunun oldugu sistemde olmustur. Basing kaybi
diiz borulu sistemde 9.52kg/cm?, finli borulu sistemde 9.53kg/cm? olmustur.

Ayni sicakliga sahip gaz ve su akiskanlarinda farkli ylizey alanlar1 elde edilmistir. Diiz
borulu ekonomizerde 141.98m?, finli borulu ekonomizerde 132m? elde edilmistir.

Baca gazindan ¢ikan gazin sicakligi da diiz borulu ekonomizerde 127.75 oC, finli borulu
ekonomizerde 129.31 oC’ ye ¢cikmuistir. Yani 2 sistemde de baca gazi ¢ikis sicakligi hemen
hemen ayn1 degerlere sahip olmustur.

4. GENEL DEGERLENDIRME VE SONUCLAR

Yapilan analizler 15181nda boru tipini degistirerek maliyet acisindan azalmalar meydana
gelmistir. Kazan verim artisini en iyi saglayan diiz borulu ekonomizer ile elde etmisizdir.
Kazan verimi artis1 sayesinde yakit tilkketiminde azalmalar meydana gelmistir. Diisiik baca
gazi sicaklig1 ve buna bagli olarak azalan emisyon degerleri saglanmistir. Bu sayede daha
cevreci sistemler olusturulabilmektedir.

Yapilan analiz sonucunda en iyi hizt finli borulu ekonomizerde elde edilmistir. Finli
Boruda basing kayiplar ve 1s1 transferi artmaktadir.

Ekonomizer, baca gaz1 sicakligini diisiirdiigli i¢in, baca gazinda bulunan fazla hava da
sogutularak disar1 atilmaktadir. Bu sekilde hava fazlalik katsayisinin artisindan
kaynaklanan verim kayb1 6nemli miktarda azaltilmaktadir.
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OZET

Yapistirict ile birlestirilen baglantilarin mekanik davraniglari, baglantiy1 olusturan
yapisan ylizeyler ile yapistirict malzemenin 6zelliklerine ve geometrik sekillerine bagl
olarak degiskenlik gostermektedir. Bu ¢alismada, yapistirici malzeme olarak Neoxil CE 92
N8, yapisan ve takviye elemani olarak ise yapi celigi kullanilmistir. Analizlerde, sonlu
elemanlar yontemiyle ¢calisgan ANSYS Workbench yazilimi tercih edilmistir.

Yapilan analizlerde; bindirme mesafesi (a), yapistirict kalinligr (n), yapisan
malzeme kalinlig1 (t) ve takviye uzunlugu (d) gibi parametrelerin baglanti dayanimina
etkileri incelenmis, elde edilen sonuclar karsilastirmali olarak degerlendirilmistir.

Anahtar Kelimeler: Basit bindirmeli baglanti, Yapistirict baglanti, Bindirme mesafesi,
Takviye uzunlugu,

ANALYSIS OF THE EFFECTS OF REINFORCEMENT METAL USAGE IN
THE OVERLAP REGION ON THE STRENGTH OF ADHESIVE-BONDED
JOINTS

ABSTRACT

The mechanical behavior of adhesively bonded joints varies depending on the
properties and geometrical configurations of the adherend surfaces and the adhesive
material. In this study, Neoxil CE 92 N8 was used as the adhesive material, while structural
steel was employed as both the adherend and reinforcement material. The analyses were
conducted using the ANSYS Workbench software, which is based on the finite element
method.

In the analyses, the effects of parameters such as overlap length (a), adhesive
thickness (n), adherend thickness (t), and reinforcement length (d) on the joint strength
were examined, and the results obtained were comparatively evaluated.

Keywords: Single lap joint, Adhesive joint, Overlap length, Reinforcement length
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4. GIRIS

Yapistirict baglama, ylizeyler arasinda katilasarak kimyasal bir bag olusturan
yapistirici bir malzeme kullanilarak iki ylizeyi bir arada tutma, bir biitiin olusturma
islemidir.

Yapistiricilarin makine ve yap1 elemanlarinin baglantilarinda kullanimi giderek
artmaktadir. Ozellikle uzun zaman periyotlarinda baglanti giivenirliliginin
gerektirdigi havacilik, uzay, otomotiv, altyap: sistemi, tip, elektronik paketleme,
spor, insaat ve deniz endiistrilerinde yapistiricilar, giin gectikce geleneksel baglanti
yOntemleri olan civata, per¢in, lehim ve kaynagin yerini almaktadir (Adin,2007).

Malzemelerin birlestirilmesinde yapistirict kullanmak, mekanik baglanti
elemanlar1 kullanilmasina kiyasla daha fazla avantaj sunar. Yapistirici, yik ve
gerilmeleri birlesim ylizeyinin tamamina yayarak dinamik ve statik yiiklerin diizgiin
dagilmasini saglar, gerilmelerin bir noktada yogunlagsmasini engeller. Bu sebeple,
yapistirict ile birlestirilmis baglantilar mekanik yontemlerle (kaynak, per¢in, lehim)
birlestirilen baglantilara goére biikiilme ve titresime karst daha dayaniklidir
(Solmaz,2018).

Bir yapistirict ASTM tarafindan ‘yiizey temasi ile malzemeleri bir arada
tutabilen madde’ olarak tanimlanmistir (ASTM D1002, 1983). Yapistiricinin bir
baska tanimi ise, ‘yiizeylere uygulandiginda onlari bir arada tutabilen ve ayrilmay1
onleyen polimerik malzemedir. (Adams and Wake, 1984).

Bu calismada basit bindirmeli bir baglantida bindirme bdlgesinde takviye
malzeme kullaniminin baglanti dayanimina olan etkileri incelenmistir. Calismada
takviye malzeme kullanimina ilave olarak yapisan malzeme ve yapistirict kalinhigi,
bindime bolgesi ve takviye uzunlugunun dayanima olan etkileri de analiz edilmistir.

5. MATERYAL VE METOT

Bu calismada yapistirici ile birlestirilmis basit bindirmeli baglantilar sayisal
olarak analiz edilmistir. Basit bindirmeli baglantinin geometrik modeli, teknik
resimleri (Gorsel 1) Ansys Workbench’te olusturulmustur. Gorsel 1°de gosterilen
model baz alinarak, yapisan malzeme kalinligi (t), bindirme mesafesi (a) ve
yapistirict kalinligi (n) degerleri degistirilip (Cizelge 1 ve Cizelge 2) farkh
parametrelerde toplam 9 analiz ger¢eklestirilmistir.

T — B
T 2 =
| . e

Gorsel 1. Baglant1 Tasarim1 ve Teknik Cizimi
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Yapisan malzemelerin kalinligini (t) 2 mm ve 3 mm olarak degistirilerek farkli
Olciilerde secilmistir. t kalinliginin degisimi Cizelge 1’de verilmistir. Yapistirici
icin bindirme mesafesi (a) ve yapistirict kalinligt (n) Cizelge 2°de verilmistir.

Cizelge 1. Yapisan malzemenin kalinlik dlgiileri
t(mm) t(mm)
2,00 3,00
Cizelge 2. Yapistirici i¢in bindirme mesafesi ve kalinlik dlgiileri
Yapistirict Bindirme Mesafesi
Kalnhg: a=15 mm a=18 mm a=20 mm
Ny (mm) 0,1 0,1 0,1
nz (mm) 0,2 0,2 0,2

Bu parametrelere ek olarak bindirme bolgesinde takviye malzemesi kullanilarak

bu takviye malzemesinin uzunlugu (d) degistirilip analizler gergeklestirilmistir.
Takviyeli baglantt modelinin resmi Gorsel 2°de ve Gorsel 3’°te verilmistir. Takviye
malzemesinin uzunlugunun degisimi Cizelge 3’te verilmistir.

Gorsel 2. Takviyeli baglantt modelinin resmi

a =20 mm

Gorsel 3. Takviyeli bindirme bdlgesinin 6nden goriiniimii

Cizelge 3. Takviye uzunlugunun 6lgiileri

d (mm)

d (mm)
18

d (mm)
15

20
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Yapisan malzeme ve takviye malzemesi olarak yapi ¢eligi, yapistirict malzeme
olarak NEOXIL CE 92 N8’in 6zellikleri kullanilmistir. Yap: celiginin 6zellikleri

Cizelge 4’te NEOXIL CE 92 N&’in oOzellikleri ise Cizelge 5 ve Gorsel 4’te
verilmigtir.

Cizelge 4. Yapisan malzemelere ait mekanik 6zellikler

. Malzeme
Ozellikler
Yapi Celigi
Elastite Modiilii (MPa) - E 200000 2
Cekme Mukevemeti (MPa) — ou 4602
Akma Mukavemeti (MPa) — oy 2508
Kayma Modiilii (MPa) - G 769232
Poisson Orani - v 0,308
2 Ansys Workbench

Cizelge 5. Yapistiriciya ait mekanik 6zellikler

. Malzeme
Ozellikler
Neoxil CE92N8
Elastite Modiilii (MPa) - E 4152°
Poisson Orani - v 0,35°
Cekme Mukavemeti (MPa) — o, 24,7°
Kayma Modiilii (MPa) - G 1540

b Solmaz, 2008

a0 y =4130.Ix+ 1.0021
25 R =09845
20 l|_-_-t"""!l- —— Gelme Grafii

—— Dafrazal (Cekme
Grafiz))

@ (MPa)

o 0.001 0002 0002 0004 O00DD5 0008

= (%)

Gorsel 4. NEOXIL CE 92 N8’in gerilme-sekil degistime diyagrami (Solmaz, 2008).

Analizde  kullanilacak  geometri ANSYS  Workbench  iizerinden
olusturulmustur. Yapisan malzeme ve yapistirict malzeme 6zellikleri programa
tanimlanmistir. Modelin meshlenmis goriintilisii Gorsel 5°te verilmistir.
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Gorsel 5. Ornek mesh yapisi

Modeller olusturulduktan sonra geometri sonlu elemanlara boliinerek sinir
sartlar1 uygulanmis (Gorsel 6) ve analiz yapilmistir. Analizde sinir sartlart Gorsel
5’te goriilldigli lizere iist yapisan parca tek taraftan ankastre mesnet olarak
sabitlenmis olup alt ve iist yapisan parcalar egilme momentini engellemek igin alt
ve Ust ylizeylerinden uy=0 olacak bicimde 5 mm mesafede sabitlenmistir. Alt
yapisan parca eksenel ¢ekme yiikiine maruz birakilmastir.

e ——

>
"-"—7\
Gorsel 6. Ornek sinir sartlar

Yapistirict  birlestirmeli baglanti  yiiklendiginde yapistirict tabakasinda i
eksenli gerilme durumu olusmaktadir. Es deger gerilmeler (ces), Von Mises akma
kriterine gore hesaplanmis ve bu es deger gerilmeler yapistirici tabakanin herhangi
bir noktasinda yapistiricinin ¢ekme dayanimina (oneoxit = 24,7 MPa) ulastiginda
hasarin meydana geldigi kabul edilmistir.

6. BULGULAR VE TARTISMA
Bu arastirmada, yapistirici ile birlestirilen baglantilarin mekanik davranislarini

derinlemesine incelemek amaciyla ANSYS Workbench programinda modellemesi
yapilan basit bindirmeli baglantilarda, bindirme mesafesi, yapistiricinin kalinliginin
degistirilmesi, bindirme kalinliklari, baglantinin takviyelendirilmesi saglanarak
farkli parametrelerde eksenel ¢ekme yiikii altinda lineer elastik gerilme analizi
yapilmistir.
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3.1 Yapisan malzeme (adherent) kalinhiginin (t) dayanima olan etkisi

Parametre olarak belirlenen t degerinin degisimi nedeniyle uygulanan hasar
yiikii, maksimum gerilme degerleri ve bu degerlerin hangi elemanlarda meydana
geldigi Cizelge 6 ve Gorsel 6’da verilmistir.

Cizelge 6. Yapisan malzeme kalinligina (t) bagli olarak ortaya ¢ikan degerler

Sabit Parametreler: n=0,1 mm, a=20 mm, w=30 mm

t (mm) 2 3
Max.Gerilme- ¢ (MPa) 206,67 333,38
Uygulanan Yiik- P (MPa) 50,042 63,524
Hasar Yiikii- F (N) 3002,52 5717,16
Adhesive- 6max (MPa) 24,7 24,7
Adherent 1- emax (MPa) 206,67 333,38
Adherent 2- emax (MPa) 206,67 333,38
7000
6000 5717.16
Z. 5000
‘2 4000
’>5_ 3002.52
~ 3000
<
é 2000
1000
0
t=2mm t=3 mm

Yapisan Kaliligr (mm)

Gorsel 7. Yapisan malzeme kalinliginin (t) hasar yiikiine etkisi

Yapistiricinin kalinligi (n) 0,1 mm, bindirme mesafesi (a) 20 mm olarak
alinan, alt ve iist malzemenin kalinlig (t) degistirilerek yapilan analiz sonuncunda
kalinlik 2 mm iken alinan hasar yiikii 3002.52 N, kalinlik 3 mm iken alinan hasar
yikii ise 5717.16 N olarak elde edilmistir.

Yapisan malzeme kalinligina bagh olarak hasar yiikiiniin en ytiksek oldugu
baglantinin gerilme dagilimi1 Gorsel 7°de verilmistir. Yapisan kalinliginin 3 mm
olmasi durumunda yapistiricinin ¢gekme dayanimini 24,7 MPa olunca baglantinin
hasar yiikii 5717.16 N oldugu tespit edilmistir. Bu tasarimda maksimum gerilme
degerinin 333,38 MPa oldugu goriilmiistiir.
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Gorsel 8. =3 mm, n=0,1 mm, a=20 mm Jl¢iilerindeki modelin gerilme dagilim1

3.2 Yapistiricr kalinhginin (n) baglanti dayamimina etkisi

Yapistiricr kalinliginin (n) degisimine gore uygulanan yiik, maksimum gerilme
degerleri Cizelge 7°de ve Gorsel 8’de verilmistir.

Cizelge 7. Yapistirici kalinligi (n) degisimine bagl olarak ortaya ¢ikan sayisal veriler

Sabit Parametreler: t=3 mm, a=20 mm, w=30 mm

n (mm) 0,1 0,2
Max. Gerilme- ¢ (MPa) 333,38 93,8
Uygulanan Yiik- P (MPa) 63,524 25,393
Hasar Yiikii- F (N) 5717,16 2285,37
Adhesive- omax (MPa) 24,7 24,7
Adherent 1- 6max (MPa) 333,37 93,8
Adherent 2- 6max (MPa) 333,38 93,8

Sabit Parametreler: t=3 mm. a=20 mm

5717.1

2285,37

cEBEEE

n=0,1 n=0,2

Hasar Yiikii (N)

Yapistirict Kahinhg (mm)

Gorsel 9. Yapistiric kalinligi (n) degisimi ile hasar yiikii arasindaki iligki

Ikinci parametre olarak belirlenen yapistirict malzeme kalinligiin (n) degisimi
incelendiginde yapistirict kalinli§i artinca hasar yikiinlin azalmistir. Yapistirict
kalinlig1 degisiminin oldugu modeller incelendiginde yapistirict malzeme kalinlhig:
0,1 mm iken hasar yiikii 5717.16 N, yapistirict malzeme kalinlig1 0,2 mm iken hasar
yiikii 2285.37 N’dur. Yapistirict malzeme kalinligr azaltildigi zaman %150 oraninda
dayanimi arttirdig1 goriilmistir.
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Yapistirict malzemenin kalinlik degisimine bagli olarak hasar yiikiiniin en
yiiksek oldugu modellemenin gerilme dagilimi1 Gorsel 8’de verilmistir. iki analizin
hasar yiiklerinin karsilastirilmasi ise Gorsel 9°da verilmistir. Bu analize bakildiginda
yapistirict malzemenin ¢ekme dayaniminin 24,7 MPa elde edilmesi i¢in 5717.16
N’luk bir hasar yiikii uygulanmistir. Bu tasarimda maksimum gerilme 333.38 MPa
olarak elde edilmistir.

3.3 Bindirme Mesafesi (a) Degisiminin Dayanima Etkisi

Bindirme mesafesinin dayanima etkisini anlamak i¢in a degerini 15 mm, 18 mm,
20 mm olarak degistirerek analizler gerceklestirildi. Bindirme mesafesi (a) degisimine
gore uygulanan yiik, maksimum gerilme degerleri Cizelge 8 ve Gorsel 10°da
verilmistir.

Cizelge 8. Bindirme mesafesinin (a) degisimine bagl ortaya ¢ikan degerler

Sabit Parametreler: t=3 mm, n=0,1 mm

a (mm) 15 18 20
Max. Gerilme- ¢ (MPa) 222,19 278,98 333,38
Uygulanan Yiik- P (MPa) 40,25 49,93 63,524
Hasar Yiikii- F (N) 3622,5 4493,7 5717,16
Adhesive- omax (MPa) 24,7 24,7 24,7
Adherent 1- omax (MPa) 222,18 278,97 333,37
Adherent 2- omax (MPa) 222,19 278,98 333,38

Sabit Parametreler: t=3 mm, n=0.1 mm

8000

s 5717.16
Z 6000
< 4493.7
2 4000 3622.5
Hes
pS
5
2 2000
o

0

a=15mm a=18mm a=20mm

Bindirme mesafesinin uzunlugu (mm)

Gorsel 10. Bindirme mesafesinin (a) degisimi ile hasar yiikii arasindaki iligki

Bindirme mesafesi 15 mm iken hasar yiikii 3622,5 N, bindirme mesafesi 18
mm iken hasar yiikii 4493,7 N, bindirme mesafesi 20 mm oldugu zaman ise analizin
hasar yiikii 5717.16 N oldugu Gorsel 10°da goriilmiistiir. Bu sebeple bindirme
mesafesi artisinin bu tip baglantilarin dayanimini arttirict yonde etki ettigi
belirlenmistir. Bu tasarim Gorsel 8’de verilmis olan tasarimdir.
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3.4 Takviyenin Baglanti Dayanimina Etkisi

Gergeklestirilen caligmalara ilave olarak bindirme bolgesinde baglantiy1
takviyelendirmenin baglanti dayanimina nasil etki edecegi incelenmek istenmistir.
Takviyesiz olarak incelenen baglantilarda dayanimi en yiiksek olan numune (t=3
mm, a=20 mm, n=0.1 mm) takviyelendirme i¢in tercih edilmistir. Dordiincii
parametre olarak ise bindirme bélgesi 1 mm kalinhiginda (c) yapr geligi ile
takviyelendirilerek bu baglantida yine bindirme mesafesinin (a) ve takviyenin
uzunlugunun(t) degisiminin baglanti dayanimina etkisi incelenmistir.

Gorsel 11°de bindirme bdlgesi takviyelendirilmis olan modelin sekli
verilmistir. Sekilden de anlasilacagi tizere bu modelde bindirme bdlgesi uzunlugu ile
takviye uzunlugu esit olarak alinmistir.

Gorsel 11. Takviyeli baglant1 modelinin resmi (d=20 mm)

E

d=20 mm

Gorsel 12. Takviyeli baglant1 modeli bindirme bolgesi (d=20 mm)

Cizelge 9. Takviyesiz ve takviyeli modelin karsilastiriimasi

Sabit Parametreler: t=3 mm, a=d=20 mm, n=0,1

Takviye Takviyesiz Takviyeli
Max. Gerilme- ¢ (MPa) 333,8 396,75
Uygulanan Yiik- P (MPa) 63,254 69,786
Hasar Yiikii- F (N) 5717,16 6280,74
Adhesive- omax (MPa) 24,7 24,7
Adherent 1- omax (MPa) 333,38 396,75
Adherent 2- omax (MPa) 333,38 396,77
Takviye- 6max (MPa) - 263,79
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Sabit Parametreler: t=3 mm, a=d=20 mm, n=0,1

6400

6280,74
6300
__ 6200
= 6100
= 6000
$ ss00
» 5800 5717,16
@ 5700
T 5600
5500
5400

Takviyesiz Baglanti Takviyeli Baglanti

Gorsel 13. Takviyenin hasar yiikiine etkisi

Gorsel 14. t=3 mm, d=a= 20 mm, c=1 mm, n=0,1 mm dl¢iilerindeki modelin gerilme dagilimi

3.5 Takviyeli Baglantilarda Bindirme Mesafesinin (a) Dayamima Etkisi

Takviyesiz baglantilarda bindirme mesafesinin (a) dayanima olan etkisi
incelendiginde bindirme mesafesi uzunlugu 15,18,20 mm olarak alinip, baglantinin
en iyi dayanima 20 mm bindirme mesafesinde ulastigi yapilan analizler neticesinde
tespit edilmistir. Bu sebeple takviyeli baglanti modeli i¢in de bindirme mesafesi
uzunlugu 15,18,20 mm alinarak analizler gerceklestirilmistir.

Ayni bindirme mesafesine sahip takviyeli ve takviyesiz baglantilarin

analizlerinden elde edilen gerilme ve hasar kuvvetleri Cizelge 10 ve Gorsel 15°te
verilmistir

Cizelge 10. Takviyeli baglantida bindirme mesafesinin (a) degisimine bagh elde edilen degerler

Sabit Parametreler: t=3 mm, d=20 mm, n=0,05 mm, c=1 mm
a (mm) 15 18 20
Takviyeli-Takviyesiz Takviyeli | Takviyesiz | Takviyeli | Takviyesiz | Takviyeli | Takviyesiz
Max Gerilme- (MPa) 238,34 222,19 291,65 278,98 396,77 333,38
Uygulanan Yiik- P (MPa) 42,214 40,25 54,653 49,93 69,78 63,524
Hasar Yiikii- F (N) 3799,26 3622,5 4918,77 4493,7 6280,74 5717,16
Adhesive- omax (MPa) 24,7 24,7 24,7 24,7 24,7 24,7
Adherent 1- omax (MPa) 283,33 222,18 291,64 278,97 396,75 333,37
Adherent 2- 6max (MPa) 283,34 222,19 291,65 278,98 396,77 333,38
Takviye- omax (MPa) 224,19 - 230,22 - 263,79 -
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500

& 400
=
= 283,34 291,65
> 300 , ’ 278,98
E 222,19
'S 200
[G]
7S
< 100

0

a=15 a=18

W Takviyeli W Takviyesiz

396,77

I ]
a=20

Gorsel 15. Takviyeli-takviyesiz baglantilarda bindirme mesafelerinin hasar yiikiine etkisi

3.6 Takviye Uzunlugunun (d) Baglanti Dayanima Etkisi

Calismanin bu kisminda bindirme mesafesi 20 mm olarak sabit tutulmus ve
takviye uzunlugu (d) 15, 18 ve 20 mm segilerek olusturulan ii¢ farkli modelin analiz
sonuclari elde edilmis ve karsilastirilmistir. Gorsel 16’da 18 mm takviye uzunluguna
sahip modelin bindirme bdlgesinin 6nden goriiniimii, Cizelge 11°de ve Gorsel 17°de
ise gerceklestirilen analizler neticesinde tespit edilen gerilme ve hasar yiikleri

verilmistir.

a =20 mm

Gorsel 16. Takviyeli bindirme bolgesinin 6nden goriiniimii (=20 mm, d=18 mm

Cizelge 11. Takviyeli baglantida takviye uzunlugu degisimine bagl olarak elde edilen degerler

Sabit Parametreler: t=3 mm, n=0,05 mm, a=20 mm, c=1 mm

d (mm) 15 18 20
Max. Gerilme- ¢ (MPa) 228,21 280,61 396,77
Uygulanan Yiik- P (MPa) 39,915 54,61 69,78
Hasar Yiikii- F (N) 3592,35 4914,9 6280,74
Adhesive- omax (MPa) 24,7 24,7 24,7
Adherent 1- omax (MPa) 228,21 280,60 396,75
Adherent 2- 6max (MPa) 228,21 280,61 227,94
Takviye- omax (MPa) 79,724 188,61 263,79
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500
o 396,77
o 400
E © 300 228,21 269,57
1™ o r
Q
O 2 200
2 100
=

0

15 20

18
Takviyenin uzunlugu (mm)

Gorsel 17. Takviyenin uzunlugunun hasar yiikiine etkisi

Yapilan analizlerden elde edilen veriler sonucunda takviye uzunlugu 20 mm olarak
secilen modelden (Gorsel 18) elde edilen von-Mises gerilme degerlerinin daha yiiksek
oldugu yani bu modelin diger modellere gore hasar yiikiiniin daha yiiksek oldugu tespit
edilmistir. Takviye uzunlugu 20 mm olarak yapilan analizde hasar yiikii 6280,74 olarak
elde edilmistir.

Gorsel 18. t=3 mm, d=a= 20 mm, ¢c=1 mm, n=0,1 mm 6l¢iilerindeki modelin gerilme analizi
4. SONUCLAR

Bu caligmada, yapistirict ile birlestirilen basit bindirme baglantilarinda;
yapisan malzeme kalinligi, bindirme mesafesi, yapistirict kalinligi ve takviye
malzeme kullaniminin baglanti dayanimi iizerindeki etkileri incelenmistir. Yapisan
ve takviye malzemesi olarak yap celigi, yapistirici malzeme olarak ise Neoxil CE
92 N8 tercih edilmistir.

Gerilme analizlerinde; yapistirici kalinhgi (n), yapisan malzeme kalinhg (t),
bindirme mesafesi (a) ve takviye elemaninin uzunlugu (d) parametrelerinin farkl
degerleri esas alinarak, yapistiricinin 24,7 MPa olan ¢gekme dayanimina ulastiginda
baglantida hasarin meydana geldigi kabul edilmistir. Degerlendirmeler von-Mises
akma Kriteri esas alinarak gerceklestirilmistir.
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Analizler, ANSYS Workbench yazilimi kullanilarak hazirlanmis 11 farkli
model iizerinde, lineer elastik davranig varsayimiyla yapilmistir. Bu modellerde; iki
farkli yapisan malzeme kalinligy, iki farkli yapistirict kalinligr ve ti¢ farkli bindirme
mesafesi kullanilmigtir.

Ik parametre olarak degerlendirilen yapisan malzeme kalmh@min (t)
artmasinin, modelde olusan gerilme degerlerini artirdig1 gézlemlenmistir. Baglantida
yapistirict gerilme degerinin 24.7 MPa elde edilmesi i¢in uygulanan yiik t=3 mm
oldugu zaman daha fazladir. Uygulanan yiikiin artmasit hasar yiikiini de
arttirdigindan dolayr 3 mm olan kalinlik dayanim agisindan daha etkili sonug
vermektedir. Yapisan malzeme kalinligin1 3 mm olarak alindiginda elde edilen hasar
yiikii; 2 mm olarak alinan analize kiyasla %81 oraninda artmistir. Bu nedenle,
yapisan malzeme kalinliginin artirilmasinin baglanti dayanimini olumlu yonde
etkiledigi belirlenmistir. Bu bulgu dogrultusunda, sonraki analizlerde yapisan
malzeme kalinlig1 3 mm olarak sabitlenmistir.

Ikinci parametre olarak ele alinan yapistirier kalinhigi (n) icin, 0,1 mm ve 0,2
mm olmak tizere iki farkli deger alinarak analiz yapilmistir. Analizler sonucunda, 0,1
mm yapistirict kalinligr kullanildiginda hasar yiikiiniin daha yiiksek oldugu ve buna
baglh olarak baglanti dayaniminin arttigi goriilmiistir. Bu nedenle, sonraki
analizlerde n = 0,1 mm olarak belirlenmistir.

Ugiincii parametre olan bindirme mesafesi (a) icin 15 mm, 18 mm ve 20 mm
uzunluklarinda modeller olusturulmustur. Analiz sonuglari, bindirme mesafesi
arttikca baglantinin hasar dayanimmin da arttigin1 gostermistir. Ozellikle bindirme
mesafesi 20 mm, yapisan kahnhg 3 mm ve yapistirict kahmhg 0,1 mm olan
model, tiim modeller arasinda en yliksek hasar dayanimina sahip model olarak
belirlenmistir.

Analiz yapisini biraz daha farklilastirarak yapisan malzemeler arasina bir adet
takviye malzemesi kullanilmistir. Takviyeli baglanti modelindeki bindirme mesafesi
ve takviyenin uzunlugu esit alinip 15 mm, 18 mm ve 20 mm alinarak analizler
yapilmistir. Basit bindirmeli baglanti modeliyle kiyasladigimiz zaman takviyeli
baglanti modelinin hasar ylikii %9 oraninda artmistir. Takviyeli baglanti modelinin
hasar dayaniminin daha fazla oldugu bu sekilde tespit edilmistir.

Son olarak, takviye malzemesinin uzunlugu degistirilerek yapilan
analizlerde, takviye uzunlugunun bindirme mesafesiyle esit oldugu (20mm) durumda
baglanti dayaniminin en yiiksek seviyeye ulastigi tespit edilmistir. Bu durum, takviye
elemaninin uygun uzunlukta tasarlanmasinin baglanti performans: agisindan kritik
bir etkiye sahip oldugunu gostermektedir.
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Abstract

Glutathione (GSH), the primary antioxidant in cellular redox homeostasis, plays a role in
critical biological processes such as cell growth, protein synthesis, and the cell cycle.
Therefore, accurate measurement of GSH content is of fundamental importance in determining
biological mechanisms. Among the various analytical approaches used in the determination of
glutathione, electrochemical methods offer notable advantages such as low cost, rapid analysis,
minimal or no pretreatment, and compatibility with diverse sample matrices. In this study, a
sensitive, selective, and cost-effective electrochemical sensor was developed for the
quantification of GSH using minimal sample volumes. The sensor was fabricated by modifying
a pencil graphite electrode (PGE) with a copper-based metal-organic framework (Cu-BTC),
and its performance was comprehensively optimized in terms of adsorption time, modifier
concentration, pH, deposition time, and applied potential. The optimized sensor exhibited a
wide linear detection range (1-1500 pmol L), a low detection limit of 0.16 umol L™, and
excellent long-term stability for up to 60 days. In interference tests with co-existing compounds
such as amino acids, urea, and inorganic ions, it was determined that the sensor exhibited high
selectivity. Furthermore, the recovery experiment yielded a recovery rate of 98.67% in the
dietary supplement sample, confirming the practical applicability of the proposed sensor.

Keywords: Glutathione, copper metal-organic framework (MOF), electrochemical sensor.
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MEVSIMSEL INCELENMESI
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OZET:

Dogal radyasyonun en biiyiik kaynagi olan Radon (***Rn) gazi, uranyum (***U) dogal radyoaktif
serisinin bozunumu sonucu olusan radyoaktif bir gazdir. Radon gazi toprak, kayag, yeralt1 suyu,
atmosfer ve yapt malzemelerinden bulundugu ortama salinmaktadir. Radon gaz1 ve bozunma
iirlinleri, suda ¢oziinerek cevresel radyasyon seviyelerini artirabilmekte ve sudaki partikiillere
baglanarak biyolojik dokularda birikim potansiyeli tasimaktadir. Bu da sucul organizmalar ve
ekosistem tizerinde negatif etkiler olusturabilmektedir. Sucul ekosistemlerdeki radon
miktarinin ve dagilimmnin belirlenmesi, su kalitesi ve radyolojik risk degerlendirmeleri
acisindan onemlidir. Bu ¢aligmada, Istanbul’da kentsel ve endiistriyel faaliyetlerin yogun
oldugu Hali¢ bolgesinden alinan su 6rneklerinde radon (**Rn) konsantrasyonlarinin mevsimsel
degisimi incelenmistir. Caligma kapsaminda 2025 yilinda ilkbahar (Nisan) ve yaz (Temmuz)
olmak iizere iki farkli mevsimde 12 istasyondan ornekler toplanmistir. Hali¢ ekosisteminden
alinan drnekler AlphaGUARD Aktif Radon Olgiim Cihazi kullanilarak analiz edilmis ve 2Rn
konsantrasyon degerleri hesaplanmistir. Ayn1 zamanda 6rnekleme bolgesindeki ylizey suyunun
sicaklik, tuzluluk, ¢oziinmiis oksijen ve pH degerleri ¢oklu parametre cihazlariyla 6l¢iilmiis ve
bu degerler ile radon gazi arasindaki korelasyon belirlenmistir. Calisma sonucunda elde edilen
veriler, hem kentsel etkilerin sucul ekosistemler tizerindeki radon dinamiklerine etkisini
anlamak hem de cevresel risk degerlendirmeleri yapmak agisindan 6nemlidir. Calisma dort
mevsimi kapsayacak sekilde tamamlandiktan sonra biitlinciil olarak incelenip literatiirdeki
benzer ¢alismalar ile karsilastirilacaktir.

Anahtar Kelimeler: Radon-222, Radyoaktivite, Halig
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SEASONAL DETERMINATION OF RADON (RN-222) CONCENTRATIONS IN THE
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ABSTRACT:

Radon gas (***Rn), the largest source of natural radiation, is a radioactive gas formed as a result
of the decay of the natural radioactive series of uranium (***U). Radon gas is released into the
environment from soil, rock, groundwater, the atmosphere, and building materials. Radon gas
and its decay products can dissolve in water, increasing environmental radiation levels, and
bind to particles in water, carrying the potential to accumulate in biological tissues. This can
have negative effects on aquatic organisms and ecosystems. Determining the amount and
distribution of radon in aquatic ecosystems is important for water quality and radiological risk
assessments. In this study, the seasonal variation in radon (***Rn) concentrations was examined
in water samples taken from the Golden Horn region of Istanbul, where urban and industrial
activities are intense. Water samples were collected from 12 stations in two different seasons
spring (April) and summer (July) in 2025 during the study. Samples taken from the Golden
Horn ecosystem were analyzed using the AlphaGUARD Active Radon Measurement Device,
and ???Rn concentration values were calculated. At the same time, the temperature, salinity,
dissolved oxygen, and pH values of surface water in the sampling area were measured using
multi-parameter devices, and the correlation between these values and radon gas was
determined. The data obtained as a result of the study are important both for understanding the
effect of urban impacts on radon dynamics in aquatic ecosystems and for conducting
environmental risk assessments. After the study is completed covering all four seasons, it will
be comprehensively examined and compared with similar studies in the literature.

Keywords: Radon-222, Radioactivity, Golden Horn
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IKi BOYUTLU Agl VE Aul MALZEMELERININ TERMOELEKTRIK
OZELLIKLERI
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OZET

Termoelektrik etki, 1s1 enerjisini dogrudan elektrik enerjisine veya elektrik enerjisini 1s1 farkina
dontistiirebilen bir fiziksel olgudur ve temel olarak Seebeck, Peltier ve Thomson etkilerini
kapsar. Bu etki, malzeme icerisindeki serbest tastyicilarin (elektron veya bosluklarin) sicaklik
gradyan1 boyunca hareket etmesiyle ortaya cikar. Termoelektrik malzemelerin performansi
genellikle boyutsuz termoelektrik kalite faktorii (ZT) ile ifade edilir: ZT=«S20T,
burada S Seebeck katsayisi, o elektriksel iletkenlik, k toplam 1s1l iletkenlik ve T mutlak
sicakliktir. Yiikksek ZT degerine sahip malzemeler, verimli enerji doniisiimii saglayarak atik 1s1
geri kazanimi, sogutma ve enerji hasadi gibi uygulamalarda biiyiik 6nem tasir. Son yillarda
nano yapilandirma ile termoelektrik performansin artirilmasi iizerine yogun arastirmalar
yapilmaktadir. Ozellikle grafenin kesfinden sonra biiyiik 6nem kazanan iki boyutlu yapilar bu
alanda 6ncii olmaktadir.

Bu caligmada iki boyutlu Agl ve Aul yapilarinin termoelektrik 6zellikleri yogunluk fonksiyonel
teori kullanilarak incelenmistir. Agl ve Aul tek tabakalarinin stabil fazlari elde edilmis yapisal
parametreleri hesaplanmistir. Bu malzemelerin termoelektrik 6zellikleri kapsaminda Seebeck
katsayisi, termal iletkenligi ve elektriksel iletkenlikleri hesaplanmis ve yiiksek Seebeck
katsayisi ile diisiik termal iletkenlik gosterdigi bulunmustur. Bu sonuglar ise Agl ve Aul tek
tabakalarinin ytliksek termoelektrik 6zellik gosteren malzemeler oldugunu dogrulamaktadir. Bu
caligmanin hem nanoteknolojide termoelektrik malzeme iiretimi konusunda hem de deneysel
caligmalara yol gosterici olacagini dngdérmekteyiz.

Anahtar Kelimeler : Termoelektrik malzemeler, Agl, Aul,iki boyutlu yapilar,Seebeck katsayisi
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SYNTHESIS AND CHARACTERIZATION OF BIO-BASED POLYMER
NANOCOMPOSITES FOR ENVIRONMENTAL APPLICATIONS

Prof. Dr. Arjun Mehta, Dr. Kavita Ramesh, Anil Verma
Department of Chemical Engineering, Indian Institute of Technology Delhi, India

Abstract

This study explores the synthesis and detailed characterization of bio-based polymer
nanocomposites tailored for environmental purposes, such as pollutant removal and sustainable
barrier materials. The research focuses on biodegradable polymer matrices integrated with
naturally derived or eco-friendly nano-fillers through solution casting and melt blending
techniques. Advanced characterization methods such as FTIR, SEM, and XRD reveal improved
mechanical, thermal, and barrier properties compared to neat polymers. Environmental
performance assessments show enhanced adsorption of heavy metals and organic contaminants,
facilitating efficient water and soil remediation. The work also addresses key challenges in
scaling up production, discussing cost, functionalization, and lifecycle impacts. Findings
demonstrate that bio-based nanocomposites exhibit significant promise for replacing
petroleum-based materials in environmental engineering and conservation applications. The
paper encourages further multidisciplinary research to develop application-specific
nanocomposite formulations that can be adopted globally.

Keywords: bio-based polymers, nanocomposites, environmental applications, sustainable
materials, pollutant removal
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INVESTIGATION OF CATALYTIC ACTIVITY IN TRANSITION METAL OXIDES
FOR GREEN HYDROGEN PRODUCTION

Assoc. Prof. Dr. Priya Nair, Rajesh Menon, Prof. Dr. Harish Venkatesh, Dr. Sandeep
Choudhary, Ryo Tanaka
Department of Chemistry, Kyushu University, Japan

Abstract

This paper investigates the catalytic performance of transition metal oxides in water-splitting
reactions for green hydrogen production. The study explores various oxide catalysts including
Fe, Co, Ni, and Mn oxides, deployed as thin films and powders, and evaluates their activity
under solar-powered electrolysis and thermochemical conditions. The research combines
experimental electrochemical measurements, surface analysis, and kinetic modeling to
understand reaction pathways and identify structural factors influencing efficiency. Key
findings reveal that certain doped oxides significantly lower activation energy and increase
hydrogen evolution rates, especially under visible light irradiation. The environmental benefits
of these materials are considered, particularly regarding energy efficiency and sustainability.
The paper concludes with recommendations for further improving catalyst stability, cost-
effectiveness, and scale-up potential, supporting broader adoption of green hydrogen
technologies in energy transitions.

Keywords: catalytic activity, transition metal oxides, green hydrogen, water splitting,
sustainable energy
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DESIGN OF NOVEL ORGANOMETALLIC COMPLEXES AS EFFICIENT
PHOTOCATALYSTS UNDER VISIBLE LIGHT

Dr. Neha Kapoor
Department of Materials Science, University of Tokyo, Japan

Abstract

This study presents the design, synthesis, and photophysical characterization of novel
organometallic complexes aimed at efficient photocatalysis under visible light illumination.
The research employs rational ligand design and metal center selection to optimize electronic
transitions and catalytic properties. Characterization techniques such as UV-Vis spectroscopy,
cyclic voltammetry, and photoreactivity assays are used to assess structure-function
relationships. The complexes demonstrate enhanced decomposition of organic dyes and
pollutants and facilitate oxidation-reduction reactions relevant to solar fuel production.
Mechanistic studies indicate improved charge separation and light absorption compared to
existing photocatalysts. Challenges in catalyst stability, scalability, and recyclability are
addressed. The results show that these organometallic complexes offer a promising route for
clean energy and environmental remediation technologies, especially in low-resource and solar-
rich regions.

Keywords: organometallic complexes, photocatalysis, visible light, ligand design,
environmental remediation
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ENHANCED SUPERCAPACITOR PERFORMANCE USING GRAPHENE-BASED
HYBRID MATERIALS

Prof. Dr. Kenji Nakamura, Dr. Aiko Matsuda
Department of Materials Science, University of Tokyo, Japan

Abstract

The development of graphene-based hybrid materials has catalyzed major advances in
supercapacitor technology. This study synthesizes and characterizes several graphene
composites combined with conductive polymers, metal oxides, and carbon nanotubes.
Electrochemical tests reveal significantly improved specific capacitance, energy density, and
charge-discharge cycling stability. The research evaluates how nano-structural tuning and
interface engineering maximize ions' mobility and storage capacity. Environmental impact
analyses suggest that these hybrids can be manufactured with lower energy input and raw
materials compared to conventional electrodes. The scalability, cost efficiency, and future
integration with renewable energy systems are discussed. The findings position graphene-based
hybrids as leading candidates for next-generation high-power energy storage solutions.

Keywords: supercapacitors, graphene hybrid materials, energy storage, nano-structural tuning,
cycling stability
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ELECTROCHEMICAL SYNTHESIS AND CHARACTERIZATION OF CERIUM-
DOPED OXIDE FILMS FOR SENSOR APPLICATIONS

Assoc. Prof. Dr. Haruto Yamashita, Ayaka Fujimoto, Takuya Morimoto
Department of Applied Chemistry, Kyoto University, Japan

Abstract

This work explores the electrochemical synthesis and properties of cerium-doped oxide thin
films tailored for advanced sensor applications. The films are produced via pulsed
electrodeposition, allowing precise control over dopant concentration and film thickness.
Extensive characterization—including Raman spectroscopy, XPS, and electrical conductivity
measurements—demonstrates high sensitivity towards gases such as hydrogen, ammonia, and
NOX. The study details how cerium doping modifies the electronic structure, enhances surface
reactivity, and improves sensor selectivity. Long-term stability and response times are
compared under laboratory and simulated environmental conditions. The research underscores
the potential of cerium-doped oxides for use in environmental monitoring, industrial safety, and
healthcare diagnostics, especially as part of portable sensing technologies.

Keywords: cerium-doped oxides, thin films, sensor applications, electrochemical synthesis,
gas sensitivity
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DEVELOPMENT OF ADVANCED THERMALLY STABLE POLYIMIDES FOR
SPACE MATERIALS

Dr. Naoki Sugahara, Prof. Dr. Emi Kobayashi, Hanae Watanabe
Institute of Space Materials Science, Osaka University, Japan

Abstract

This research develops novel polyimide materials with enhanced thermal stability and
mechanical robustness specifically for space applications. The synthesis process involves
incorporating aromatic and heterocyclic monomers to improve polymer backbone integrity. The
polyimides demonstrate elevated glass transition temperatures, oxidation resistance, and
resilience under extreme radiation conditions. Characterization by TGA, DMA, and high-
altitude simulation chambers confirm superior property retention compared to standard
aerospace polymers. The work addresses material compatibility for satellite structures, payload
enclosures, and lightweight construction. Environmental sustainability and recyclability are
considered to align with green space initiatives. Conclusions support further customization for
commercial and scientific missions, paving the way for new generations of space-qualified
polymeric materials.

Keywords: polyimides, thermal stability, space materials, polymer synthesis, radiation
resistance
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SPECTROSCOPIC ANALYSIS OF METAL-LIGAND INTERACTIONS IN RARE
EARTH COMPLEXES

Assoc. Prof. Dr. Viktar Kuzniatsou, Dr. Hanna Barysava, Aliaksandr Ramanau
Department of Chemistry, Belarusian State University, Belarus

Abstract

This paper examines the structure and bonding dynamics in rare earth metal complexes via
advanced spectroscopic techniques, including NMR, EPR, and X-ray absorption. The study
investigates ligand field effects, electron transfer characteristics, and their implications for
luminescent and catalytic properties. Results highlight significant variations in metal-ligand
bonding with different chelating agents, offering insights into tailored molecular design for
applications in optoelectronics and catalysis. The findings further elaborate on the role of
solvation and temperature in modulating complex stability and reactivity. Methodological
innovations are introduced for real-time spectroscopic monitoring. These discoveries contribute
to the rational design of functional rare earth complexes for industrial and research utilization.

Keywords: rare earth complexes, metal-ligand interactions, spectroscopy, catalytic properties,
molecular design
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STRUCTURAL AND OPTICAL CHARACTERIZATION OF SILVER-DOPED ZINC
OXIDE NANOPARTICLES

Dr. Maryia Karatkevich, Prof. Dr. Pavel Zhurko, Dzmitry Asanau
Department of Physics, Belarusian State University, Belarus

Abstract

This study details the synthesis and comprehensive characterization of silver-doped zinc oxide
nanoparticles for potential optoelectronic and photonic applications. Chemical precipitation and
sol-gel methods are used to incorporate silver ions precisely, and the resulting nanoparticles are
characterized by XRD, TEM, UV-Vis, and PL spectroscopy. The research reports on size
distribution, morphological features, and optical bandgap modifications as a function of silver
concentration. Enhanced photoluminescence, stability, and antimicrobial properties are
observed, suggesting suitability for sensors, UV-blocking coatings, and transparent electronics.
Environmental, biological, and scalability aspects are analyzed to optimize real-world
implementation. The study calls for further investigation into doping mechanisms and surface
functionalization to unlock broader application possibilities.

Keywords:  silver-doped, zinc oxide, nanoparticles, optical characterization,
photoluminescence
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UNDERSTANDING THE MECHANICAL BEHAVIOR OF NOVEL COMPOSITE
MATERIALS UNDER HIGH STRESS CONDITIONS

Prof. Dr. Karim Bensalem
Ahmed Ziane
Department of Materials Engineering, University of Algiers, Algeria

Abstract

This research explores the mechanical performance of newly developed composite materials
when subjected to extreme stress conditions. The study comprehensively investigates the
effects of fiber and matrix arrangements, interfacial bonding strength, and the influence of
nano-fillers on enhancing durability. Using a combination of tensile, compressive, and impact
testing, it examines failure modes and deformation mechanisms, offering insight into the
structural integrity of these advanced composites. The work also employs finite element
modeling to predict performance under various loading strategies. The analyses indicate the
composites maintain superior mechanical resilience, making them promising candidates for
automotive, aerospace, and civil engineering applications. The findings are vital for optimizing
composite design, enabling targeted development for high-stress environments.

Keywords: composite materials, high stress, mechanical behavior, structural integrity, finite
element modeling
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ADVANCES IN NANOSTRUCTURED CERAMIC COATINGS FOR HIGH-
TEMPERATURE APPLICATIONS

Assoc. Prof. Dr. Samira Haddad
Department of Ceramic Engineering, University of Batna 1, Algeria

Dr. Mourad Belkacem
Department of Ceramic Engineering, University of Batna 1, Algeria

Leila Ould Amar
Department of Ceramic Engineering, University of Batna 1, Algeria

Abstract

This paper investigates the synthesis and properties of nanostructured ceramic coatings
designed for high-temperature environments. The research details novel fabrication processes
such as plasma spraying and sol-gel methods, optimizing coating thickness and microstructure
for maximum thermal resistance. The thermomechanical analysis demonstrates significant
improvements in oxidation resistance and adherence under cyclic heat exposure. Additionally,
the study addresses the role of dopants and layered architectures in inhibiting crack formation
and degradation. The coatings’ performance is further validated in simulated industrial
conditions, showcasing their suitability for turbine blades, heat shields, and energy conversion
devices. The results support the implementation of these advanced ceramics in harsh thermal
environments, while providing guidelines for further development.

Keywords: ceramic coatings, nanostructures, high-temperature, thermal stability, fabrication
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SYNTHESIS AND CHARACTERIZATION OF BIODEGRADABLE POLYMER
BLENDS FOR MEDICAL USE

Noureddine Boukhalfa
Department of Biomedical Engineering, University of Milan, Italy

Prof. Dr. Farida Benamara
Department of Biomedical Engineering, University of Milan, Italy

Yuki Matsumoto
Department of Biomedical Engineering, University of Milan, Italy

Abstract

This research focuses on producing and characterizing biodegradable polymer blends tailored
for medical applications, including drug delivery and tissue engineering. Through solvent
casting and melt blending methods, various natural and synthetic polymers are combined and
analyzed for cytocompatibility, mechanical strength, and degradation rates. The research
employs spectroscopy, thermal analysis, and scanning electron microscopy for thorough
material assessment, revealing excellent biocompatibility and customizable degradation
profiles. The study highlights optimization strategies for target drug release kinetics and
scaffold architectures to facilitate regenerative medicine. Results emphasize the potential of
biodegradable blends for safe, effective biomedical devices, advancing clinical application
prospects and sustainability in medical technology.

Keywords: biodegradable polymers, medical devices, characterization, tissue engineering,
drug delivery
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ENHANCING THE ELECTRICAL CONDUCTIVITY OF GRAPHENE-BASED
COMPOSITES

Hiroshi Tanaka
Department of Physics, Kyoto University, Japan

Assoc. Prof. Dr. Keiko Sato
Department of Physics, Kyoto University, Japan

Abstract

The study investigates methods to enhance the electrical conductivity of graphene-based
composites for electronic and energy storage applications. By varying graphene morphology
and concentration within polymer matrices, the research evaluates electrical transport
mechanisms via four-point probe and impedance spectrometry. The influence of interfacial
engineering, dopants, and hybridization with metal nanoparticles is examined for conductivity
optimization. Results demonstrate that tailored dispersion and surface functionalization
markedly improve charge carrier mobility, thermal stability, and overall electrical performance.
The findings have direct implications for flexible electronics, batteries, and sensors.
Recommendations for scalable fabrication and further functional studies are provided to support
commercial adoption.

Keywords: graphene composites, electrical conductivity, charge transport, doping, flexible
electronics
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DEVELOPMENT OF LIGHTWEIGHT METAL ALLOYS FOR AUTOMOTIVE
INDUSTRY

Dr. Akira Fujimoto
Department of Metallurgical Engineering, University of Tokyo, Japan

Abstract

This paper describes recent progress in the design and fabrication of lightweight metal alloys
for use in automotive manufacturing. Experimental alloys comprising aluminum, magnesium,
and titanium are synthesized using casting and powder metallurgy techniques, and their
physical and mechanical properties are systematically tested. The research assesses tensile
strength, ductility, and corrosion resistance, optimizing compositions for vehicle safety and fuel
efficiency. Microstructural analysis via electron microscopy is included to correlate alloying
elements with performance enhancements. The study identifies several promising alloy
formulations suitable for chassis, engine, and structural components, contributing to weight
reduction and sustainability initiatives.

Keywords: lightweight alloys, automotive industry, magnesium, aluminum, mechanical
properties
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OPTIMIZATION OF THERMOELECTRIC MATERIALS FOR ENERGY
HARVESTING

Assoc. Prof. Dr. Yumi Kagawa
Department of Materials Science, Osaka University, Japan

Abstract

This study presents strategies to optimize thermoelectric materials for improved energy
harvesting in sustainable technology systems. The research covers fabrication of nanostructured
semiconductors, enhancement of Seebeck coefficient, and minimization of thermal
conductivity using controlled doping technigques. Analytical models combine experimental data
with simulation to predict conversion efficiency under varying temperature gradients.
Performance testing under realistic operational conditions confirms elevated energy output and
operational stability. Applications in wearable electronics, remote sensors, and renewable
energy systems are discussed. The findings demonstrate significant progress toward efficient,
cost-effective thermoelectric energy solutions.

Keywords: thermoelectric materials, energy harvesting, nanostructures, Seebeck coefficient,
doping
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CORROSION RESISTANCE IMPROVEMENT IN ADVANCED STEEL GRADES

Dr. Martijn de Vries
Department of Engineering Materials, Delft University of Technology, Netherlands

Lars van den Berg
Department of Engineering Materials, Delft University of Technology, Netherlands

Sander Visser
Department of Engineering Materials, Delft University of Technology, Netherlands

Femke de Groot
Department of Engineering Materials, Delft University of Technology, Netherlands

Abstract

This research evaluates corrosion resistance enhancements in advanced steel grades developed
for marine and industrial uses. The effects of alloy composition, surface treatments, and
environmental exposures are investigated through a combination of immersion experiments and
electrochemical analysis. Results show that alloying with chromium, molybdenum, and nickel
significantly improves resistance to pitting and uniform corrosion. Surface passivation and
nano-coating techniques are also compared for long-term durability. The paper presents
guidelines for optimal material selection, processing, and maintenance schedules to extend the
service life of steel structures in aggressive environments.

Keywords: steel grades, corrosion resistance, alloying, surface treatments, durability
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3D PRINTING OF FUNCTIONAL POLYMER COMPOSITES FOR INDUSTRIAL
APPLICATIONS

Prof. Dr. Anneke Jansen
Department of Polymer Engineering, Eindhoven University of Technology, Netherlands

Abstract

The paper reviews engineering approaches for 3D printing of functional polymer composites
targeted at industrial applications. Material selection is based on evaluating thermal,
mechanical, and electrical properties suited for end-use demands. The research describes novel
printing techniques including multi-material extrusion and in-situ curing, analyzing their effects
on composite integrity and performance. Case studies in aerospace, automotive, and biomedical
sectors demonstrate the economic, design, and sustainability benefits of additive
manufacturing. The study addresses scaling challenges for large-scale production and
recommends integration strategies for advanced digital design workflows.

Keywords: 3D printing, polymer composites, additive manufacturing, performance, industrial
production
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UNDERSTANDING THE IMPACT OF NURSING INTERVENTIONS ON PATIENT
RECOVERY RATES

Prof. Dr. Ahsan Malik, Dr. Sana Qureshi, Ali Raza,
Hamid Ali
Aga Khan University, Pakistan

Abstract

This study explores the relationship between specific nursing interventions and patient recovery
rates across multiple hospital settings. The research employed a mixed-methods approach,
utilizing quantitative data from over 400 patient records sourced from post-surgical and medical
inpatient units, complemented by in-depth interviews with frontline nurses. The analysis
focused on the frequency, type, and adherence to evidence-based nursing interventions, such as
early mobilization, patient education, wound care protocols, and psychosocial support, as well
as their direct association with clinical recovery indicators including length of stay, incidence
of complications, and patient-reported outcomes. Results revealed a statistically significant
correlation between the structured implementation of critical nursing practices and enhanced
recovery rates, particularly in reducing hospital-acquired infections, readmission, and recovery
time after major procedures. The findings underscore the essential role of nurse-led initiatives
in multidisciplinary care teams and highlight the value of ongoing professional development
and policy support to optimize intervention delivery. The study concludes that investment in
nursing capacity-building and the integration of standardized care pathways can substantially
advance patient outcomes, recommending further multicenter research to standardize best
practices in diverse healthcare settings.

Keywords: nursing interventions, patient recovery, evidence-based practice, clinical outcomes,
hospital care
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EVALUATING THE EFFECTIVENESS OF COMMUNITY HEALTH NURSING
PROGRAMS IN RURAL AREAS

Assoc. Prof. Dr. Farah Naz
Allama Igbal Open University, Pakistan

Abstract

This research assesses the performance of community health nursing programs implemented in
rural districts, focusing on maternal and child health, vaccination coverage, and chronic disease
management. Employing program evaluation methodologies, the study triangulated health
outcome statistics, nurse field reports, and surveys of beneficiaries to generate a comprehensive
impact profile. The results demonstrate increased immunization rates, improved prenatal visit
adherence, and a reduction in unmanaged hypertension and diabetes cases. Notably, community
nursing interventions also fostered health literacy, empowered women in family health
decision-making, and expanded access to preventive services. Yet, significant barriers related
to resource allocation, nurse workload, and outreach in remote regions persisted. The
conclusion affirms that community health nursing programs are integral to rural healthcare
improvement and calls for policy interventions to address staffing and infrastructure gaps,
reinforcing the importance of community engagement in sustainable rural health development.

Keywords: community nursing, rural health, program evaluation, public health, healthcare
access
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NURSES' ROLE IN PROMOTING MENTAL HEALTH AWARENESS AMONG
ADOLESCENTS

Dr. Maria Lopez
Universidad de los Andes, Colombia

Catalina Rojas
Universidad de los Andes, Colombia

Sofia Alvarez
Universidad de los Andes, Colombia

Abstract

This paper investigates the proactive roles nurses play in advancing mental health awareness
and early intervention among adolescent populations. Through focus groups with secondary
school nurses and a cross-sectional survey involving over 500 high school students, the research
identifies nursing-led strategies, such as psychoeducation workshops, peer-support initiatives,
and early symptom screening, that contribute to destigmatizing mental illness and increasing
help-seeking behaviors. Data analysis reveals that students exposed to regular nurse-facilitated
education sessions displayed significantly higher mental health literacy and willingness to
access school-based health resources. The study highlights the necessity of cross-sector
collaboration between health and education sectors, suggesting the integration of mental health
promotion into standard school curricula and emphasizing ongoing training in youth mental
health for school nurses. Ultimately, strengthening the school nursing infrastructure offers
substantial potential for addressing unmet adolescent mental health needs at the community
level.

Keywords: mental health, adolescents, health education, school nursing, awareness
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ASSESSING THE QUALITY OF CARE IN INTENSIVE CARE UNITS THROUGH
NURSING AUDITS

Claudia Herrera, Prof. Dr. Ignacio Soto
Universidad de Buenos Aires, Argentina

Abstract

This study examines the effectiveness of nursing audit methodologies in evaluating and
enhancing quality of care in intensive care units (ICUs). Using a multi-institutional case study
approach involving four tertiary care hospitals, the research systematically audited nursing
records, adherence to care bundles, and incident reporting over a twelve-month period.
Quantitative outcomes demonstrated that regular audits facilitated improvements in infection
control, medication management, and compliance with ICU protocols. Qualitative feedback
from staff revealed that audit practices not only heightened accountability but also promoted a
culture of collective problem-solving and professional growth. The implementation of audit
findings was linked to a marked reduction in adverse patient events and improved satisfaction
among both staff and patients' families. The study concludes by recommending the
institutionalization of nursing audits as a continuous quality improvement strategy in critical
care environments and the provision of targeted audit training for nurse leaders.

Keywords: intensive care, nursing audit, quality of care, patient safety, continuous
improvement
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THE INFLUENCE OF CONTINUOUS PROFESSIONAL DEVELOPMENT ON
NURSING PERFORMANCE

Isabel VVargas
Dr. Felipe Molina
Pontificia Universidad Catolica de Chile, Chile

Abstract

This research explores the impact of continuous professional development (CPD) programs on
the clinical competencies and performance of hospital nurses. Through structured observations,
competency assessments, and semi-structured interviews with CPD participants, the study
found that targeted educational interventions—including simulation training, workshops, and
interdisciplinary  collaboration—significantly = enhanced nurses” technical  skills,
communication abilities, and confidence in patient care settings. The findings reveal a positive
association between CPD engagement and improved patient care metrics, including reduced
error rates and higher patient satisfaction scores. The study also discusses organizational
facilitators and barriers to CPD participation, highlighting leadership support and protected
learning time as critical enablers. In conclusion, the authors advocate for the formal integration
of CPD into institutional policy and resource planning, emphasizing its centrality to workforce
retention, adaptation to evolving medical standards, and sustained improvement in care quality.

Keywords: nursing education, professional development, workforce training, performance,
competency
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EXPLORING PATIENT SATISFACTION LEVELS IN HOSPITAL NURSING
SERVICES

Marie Santos
Assoc. Prof. Dr. Juan dela Cruz
University of the Philippines, Philippines

Abstract

This study evaluates patient satisfaction with nursing services in a major metropolitan hospital.
Using validated patient satisfaction questionnaires, the researchers collected and analyzed data
from over 600 recently discharged patients, focusing on key service dimensions such as nurse-
patient communication, responsiveness, empathy, and professionalism. The results indicate that
clear communication and compassionate bedside care are the most influential factors in overall
satisfaction, while areas related to nurse availability and wait times require further
improvement. Demographic variables such as age and education also affect satisfaction ratings.
The findings underscore the importance of patient-centered care approaches, ongoing feedback
collection, and regular staff training to enhance the patient experience. The study advocates that
patient satisfaction metrics should be systematically integrated into hospital quality
management practices.

Keywords: patient satisfaction, nursing services, hospital care, patient-centered care, service
quality
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NURSES’ PERCEPTIONS OF TELEHEALTH IMPLEMENTATION DURING
PANDEMIC TIMES

Dr. Angelica Reyes
Ramon Bautista
University of Sdo Paulo, Brazil

Abstract

Focusing on the COVID-19 pandemic, this paper examines nurses' perceptions and experiences
with telehealth adoption in both acute and primary care settings. Through qualitative interviews
with front-line nurses, the study identifies perceived benefits of telehealth—including
continuity of care, greater accessibility for vulnerable patients, and reduced infection risks—as
well as challenges such as digital literacy barriers, technology fatigue, and the limitations of
remote assessment for critical conditions. Nurses stress that successful telehealth integration
depends heavily on institutional support, adequate training, and clear communication protocols.
The findings offer strategic recommendations for designing telehealth programs that meet both
provider and patient needs, emphasizing equity, data privacy, and professional collaboration to
optimize remote healthcare delivery.

Keywords: telehealth, nursing, pandemic, digital health, COVID-19
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INVESTIGATING THE RELATIONSHIP BETWEEN NURSE STAFFING AND
PATIENT SAFETY OUTCOMES

Lea Fernando, Prof. Dr. Michael Tan, Cristina Lopez
National University of Singapore, Singapore

Abstract

This study investigates the association between nurse staffing levels and patient safety
outcomes in high-volume hospital environments. Using retrospective analysis of staffing logs
and adverse event records, the research demonstrates that higher nurse-to-patient ratios
correlate with significant reductions in falls, medication errors, and patient mortality. The
analysis also considers contextual factors such as nurse skill mix, unit acuity, and staff turnover.
The authors discuss resource allocation challenges and policy implications, advocating for
evidence-based staffing standards and the adoption of real-time workload monitoring systems.
The conclusion emphasizes that optimal nurse staffing is a fundamental determinant of patient
safety, highlighting the need for ongoing research and advocacy to shape safe staffing policies
across healthcare systems.

Keywords: nurse staffing, patient safety, hospital outcomes, healthcare policy, workforce
planning
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STRATEGIES FOR IMPROVING NURSING CARE IN CHRONIC DISEASE
MANAGEMENT

Dr. Josefa Mendoza
Assis. Prof. Dr. Ricardo Pineda
Angela Cruz
Universidad Nacional Autonoma de México, Mexico

Abstract

This paper reviews and analyzes strategies for enhancing nursing care in the management of
chronic diseases such as diabetes, hypertension, and COPD. Drawing on case studies and
clinical practice guidelines, the research highlights multidisciplinary coordination, patient
education, and regular monitoring as central strategies. The effective use of technology—such
as electronic health records and remote monitoring devices—is also examined for its impact on
care continuity and early intervention. Barriers to implementation, including limited resources
and patient adherence challenges, are discussed with recommendations for targeted nurse
training, patient engagement initiatives, and system-level reforms. The findings argue that
empowering nurses as coordinators of chronic disease management not only improves health
outcomes but also optimizes healthcare system efficiency.

Keywords: chronic disease management, nursing care, patient education, multidisciplinary
care, clinical guidelines

307



MADE,,

»

| CONFERg,
o ¥z,

A\
EITIEN

AVRASYA 14th INTERNATIONAL CONFERENCE ON APPLIED SCIENCES October 17-19, 2025 - TBILISI
CONFERENCE BOOK - ISBN : 978-625-5694-42-3

PHARMACEUTICAL NANOPARTICLE DELIVERY SYSTEMS FOR TARGETED
CANCER THERAPY

Prof. Dr. Adeel Khan
Dr. Maria Igbal
Assis. Prof. Dr. Salman Ahmed
Department of Pharmacy, Aga Khan University, Pakistan

Abstract

This study presents advanced pharmaceutical nanoparticle delivery systems engineered for
targeted cancer therapy, addressing limitations of conventional treatments such as off-target
toxicity and limited drug bioavailability. The research focuses on nanoparticle formulations
including liposomes, dendrimers, and polymeric micelles designed to enhance drug solubility,
stability, and tumor site specificity. Experiments utilize surface modifications with targeting
ligands (e.g., antibodies, peptides) to improve selectivity and cellular uptake in tumor cells,
verified by in vitro and in vivo analyses. Safety profiles, pharmacokinetics, and therapeutic
efficacy are assessed with comparative studies showing increased tumor suppression and
reduced systemic side effects. The paper discusses translation challenges, regulatory
considerations, and strategies for scaling up nanoparticle drug production. Emphasis is placed
on multidisciplinary approaches integrating nanotechnology, pharmacology, and oncology to
optimize personalized cancer treatments. These findings demonstrate that nanoparticle-based
delivery offers significant potential to transform the future landscape of cancer therapy.

Keywords: nanomedicine, targeted delivery, cancer therapy, nanoparticles, drug
bioavailability
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ADVANCES IN HERBAL MEDICINE FORMULATIONS AND THEIR
PHARMACOLOGICAL EFFECTS

Dr. Hina Shah
Assoc. Prof. Dr. Farhan Ali
Department of Pharmacognosy, University of Karachi, Pakistan

Abstract

This research explores advances in herbal medicine formulations, focusing on novel extraction,
standardization, and blending methods that maximize pharmacological efficacy and safety. The
study reviews a spectrum of phytochemicals isolated from plants with anti-inflammatory,
antioxidant, and antimicrobial properties, and assesses their bioactivity through cell-based and
animal models. Innovative delivery vehicles such as encapsulation and controlled-release
systems are trialed to improve stability and bioavailability of active plant ingredients.
Comparative clinical evaluations highlight reduced side effects, improved patient compliance,
and synergistic efficacy with conventional therapies. The research highlights advances in
molecular-level understanding of mechanisms, quality control standards, and the regulatory
landscape required for pharmaceutical integration. Conclusions advocate for continued
development of scientifically validated herbal medicines and their application in integrative
medicine.

Keywords: herbal medicine, phytochemistry, pharmacological effects, formulation,
integration
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NOVEL SYNTHETIC ROUTES FOR ANTI-DIABETIC DRUGS AND THEIR
BIOAVAILABILITY

Prof. Dr. Rizwan Qureshi
Dr. Sana Tariq
Dr. Imran Bashir
Department of Pharmaceutical Chemistry, University of Hyderabad, India

Abstract

The study details innovative synthetic pathways for the development of anti-diabetic drugs designed to
improve molecular stability, selectivity, and absorption profiles. A variety of strategies involving green
chemistry principles, catalytic methodologies, and high-throughput screening are employed to
synthesize novel compounds with optimal pharmacokinetic characteristics. Bioavailability is quantified
through in vitro permeability assays and in vivo pharmacokinetic tests, demonstrating improved
absorption and extended half-life compared to existing therapies. The work examines glycemic control
effects, metabolic safety, and side-effect profiles, with particular attention on formulation optimization
for oral delivery. The research underlines challenges like cost-effectiveness, scalability, and regulatory
hurdles. The study suggests future research directions in personalized anti-diabetic therapy, highlighting
the growing role of innovative synthetic chemistry in combating diabetes worldwide.

Keywords: anti-diabetic, synthesis, bioavailability, pharmacokinetics, drug design
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APPLICATION OF LIPOSOMAL CARRIERS IN ANTIVIRAL THERAPY

Dr. Mei-Ling Chen
Assis. Prof. Dr. Wei-Hao Lin
Department of Pharmaceutical Sciences, National Taiwan University, Taiwan

Abstract

This research examines the use of liposomal carriers as a platform for effective antiviral drug
delivery, focusing on improving drug targeting, uptake, and retention in infected tissues.
Experimental liposomal formulations encapsulate a variety of antiviral agents, enhancing their
stability and prolonging systemic circulation. Methods include characterization of particle size,
surface charge, and encapsulation efficiency using imaging and analytical techniques.
Preclinical and clinical data show increased antiviral activity, minimized toxicity, and improved
patient compliance. Mechanisms such as immune modulation and fusion with cellular
membranes are investigated, supporting robust drug delivery in challenging viral infections.
The study reviews manufacturing processes, regulatory issues, and advances in personalized
liposomal therapy. Liposomal carriers are positioned as a promising frontier for both current
and future antiviral strategies.

Keywords: liposomes, antiviral therapy, drug delivery, nanocarriers, clinical efficacy

311



| CONFERg,
\“\k ¥z,

ACADEy,
A\
EITIEN

»

AVRASYA 14th INTERNATIONAL CONFERENCE ON APPLIED SCIENCES October 17-19, 2025 - TBILISI
CONFERENCE BOOK - ISBN : 978-625-5694-42-3

PHARMACOKINETIC MODELING OF NEW ANTI-INFLAMMATORY
COMPOUNDS

Prof. Dr. Chun-Yi Huang
Department of Pharmacology, National University of Singapore, Singapore

Abstract

The paper presents comprehensive pharmacokinetic modeling and simulation of newly
synthesized anti-inflammatory compounds to optimize dosage regimens and predict clinical
performance. Utilized models include compartmental analysis, nonlinear mixed-effects
modeling, and physiologically-based pharmacokinetic models validated with experimental
absorption, distribution, metabolism, and excretion data. Results reveal significant differences
in compound bioavailability and clearance rates, suggesting tailored dosing for special
populations. The simulations are correlated with efficacy and safety profiles to support rational
clinical trial design. The study emphasizes the synergy between experimental pharmacokinetics
and computational modeling, underscoring its value in early-phase drug development. Policy
implications include regulatory support for modeling and simulation in pharmaceutical
approval processes.

Keywords: pharmacokinetics, anti-inflammatory, drug modeling, dosage regimen, simulation
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EVALUATION OF DRUG INTERACTIONS IN POLYPHARMACY AMONG
ELDERLY PATIENTS

Dr. Salim Al-Mabhri
Department of Clinical Pharmacy, Sultan Qaboos University, Oman

Abstract

This study analyzes the prevalence and clinical consequences of drug-drug interactions among
elderly patients experiencing polypharmacy in hospital and primary care settings. Data are
collected via electronic medical records, structured patient interviews, and automated drug
interaction screening tools. The analysis identifies common interaction patterns, risk factors,
and associated adverse drug events, highlighting the complexity of managing multifaceted
medication regimens in older adults. Clinical guidelines for medication reconciliation, patient
education, and pharmacist intervention are proposed to minimize risks and improve safety. The
study draws attention to the need for multidisciplinary approaches and continuous monitoring

in elderly patient care, offering a knowledge base for policy development and clinical practice
optimization.

Keywords: polypharmacy, drug interactions, elderly, clinical pharmacy, medication safety
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DESIGN AND DEVELOPMENT OF SUSTAINED-RELEASE ORAL DOSAGE
FORMS

Prof. Dr. Khalid Al-Riyami
Department of Pharmaceutics, Oman Medical College, Oman

Dr. Mariam Al-Busaidi
Department of Pharmaceutics, Oman Medical College, Oman

Dr. Saif Al-Hinai
Department of Pharmaceutics, Oman Medical College, Oman

Abstract

This research focuses on the formulation strategies and industrial development of sustained-
release oral dosage forms to improve therapeutic efficacy and patient adherence. Innovative
matrix systems, polymer blends, and osmotic delivery mechanisms are designed, tested for
release kinetics, and optimized through in vitro dissolution and in vivo bioavailability studies.
The paper examines applications for cardiovascular, diabetic, and neuropharmacological
medications, presenting data on enhanced steady-state plasma concentrations and reduced
dosing frequency. Manufacturing challenges, stability testing, and regulatory considerations are
discussed, with emphasis on cost-effectiveness and scalability for the local pharmaceutical
sector. The study concludes that sustained-release formulations significantly enhance
medication management for chronic diseases, supporting personalized therapeutic approaches.

Keywords: sustained-release, oral dosage forms, drug development, formulation, kinetics
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INVESTIGATING THE ANTICANCER POTENTIAL OF MARINE-DERIVED
COMPOUNDS

Dr. Layla Al-Farsi
Assis. Prof. Dr. Nasser Al-Hadhrami
Department of Pharmacognosy, University of Nizwa, Oman

Abstract

This study investigates the bioactivity and pharmacological mechanisms of marine-derived
compounds for anticancer therapy. Collection and extraction protocols utilize unique marine
sources including sponges, algae, and marine bacteria from Oman’s coastal regions. Bioassays
in cell lines and animal models indicate cytotoxic, apoptotic, and anti-metastatic properties,
with molecular docking and pathway analysis identifying novel compound classes and
molecular targets. The challenges of sustainable sourcing, scale-up of extraction, and regulatory
approval are explored. The research underscores marine environments as hotspots for drug
discovery and the integration of marine-based therapeutics into cancer treatment pipelines.
Implications for personalized medicine and conservation strategies are discussed.

Keywords: marine-derived compounds, anticancer, pharmacognosy, drug development,
cellular mechanisms
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INNOVATIVE STRUCTURAL DESIGN APPROACHES FOR EARTHQUAKE-
RESISTANT BUILDINGS USING ADVANCED SIMULATION TOOLS

Prof. Dr. Nurzat Sadykova
Department of Civil Engineering, Kyrgyz Technical University, Kyrgyzstan

Assoc. Prof. Dr. Bakytbek Tursunov
Department of Civil Engineering, Kyrgyz Technical University, Kyrgyzstan

Aizada Kalykova
Department of Civil Engineering, Kyrgyz Technical University, Kyrgyzstan

Abstract

Recent advancements in earthquake-resistant building design have leveraged sophisticated
simulation tools to enhance structural resilience. This paper systematically reviews innovative
design methodologies incorporating finite element analysis (FEA), computational fluid
dynamics (CFD), and performance-based design to optimize structural response under seismic
loads. Emphasis is placed on integrating shear walls, cross-bracing, and base isolation
techniques for energy dissipation and torsional stability. The utility of Building Information
Modeling (BIM) and structural health monitoring (SHM) technologies is explored concerning
risk assessment and real-time damage prediction. Challenges related to material costs,
implementation complexity, and code compliance in developing nations are discussed. Through
case studies and simulation data, the study highlights improvements in safety margins for
critical infrastructure including hospitals and emergency facilities. It proposes a framework for
interdisciplinary collaboration among engineers, architects, and computational scientists
aiming to produce cost-effective, sustainable earthquake-resistant designs adaptable to diverse
geotechnical conditions. Finally, policy implications for advancing seismic safety regulations
with simulation-driven evidence are considered.

Keywords: earthquake-resistant design, structural simulation, finite element analysis, seismic
energy dissipation, building information modeling
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OPTIMIZATION OF HYDROPOWER TURBINE BLADES THROUGH
COMPUTATIONAL FLUID DYNAMICS ANALYSIS

Dr. Ulan Bekturov
Nursultan Tashiev
Zhypargul Aitmatova
Department of Mechanical Engineering, Kyrgyz National University, Kyrgyzstan

Abstract

Hydropower remains a pivotal renewable energy source, wherein turbine blade design critically
influences system efficiency and reliability. This study employs computational fluid dynamics
(CFD) to optimize turbine blade geometries for enhanced hydrodynamic performance and
reduced cavitation. CFD simulations explore variables such as blade curvature, angle of attack,
and surface roughness, assessing their effects on fluid flow, pressure distribution, and turbulent
wake formation. The research integrates multi-objective optimization algorithms targeting
maximized power output and durability in variable flow conditions. Results demonstrate
significant efficiency gains through refined blade shapes, offering potential for extending
turbine lifespan and decreasing maintenance costs. Application considerations for integration
into existing hydropower facilities in Kyrgyzstan's topographically challenging regions are
discussed. This work contributes valuable insights guiding the next generation of hydropower
technology toward sustainable and efficient energy production.

Keywords: hydropower, turbine blade, computational fluid dynamics, blade optimization,
renewable energy
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SMART SENSOR INTEGRATION FOR IMPROVED ROAD SAFETY IN
AUTONOMOUS VEHICLE SYSTEMS

Assoc. Prof. Dr. Aibek Mamatov , Tilek Kudaibergenov, Asel Zhantoro
Department of Electrical Engineering, Asmara University, Eritrea

Abstract

The integration of smart sensor networks into autonomous vehicle systems plays a critical role
in enhancing road safety and operational efficiency. This paper investigates the deployment of
multi-modal sensors including LIDAR, radar, and ultrasonic devices, and their algorithmic
fusion to improve object detection, environmental perception, and decision-making processes.
Utilizing simulation models and field tests conducted in Eritrean traffic environments, the study
analyzes sensor accuracy, latency, and reliability under diverse weather and lighting conditions.
Outcomes indicate substantial improvements in collision avoidance and pedestrian safety when
applying advanced sensor fusion algorithms. The research addresses limitations in sensor
coverage and the need for real-time data processing capabilities to ensure fail-safe operation.
The paper advocates for policy frameworks encouraging sensor technology standardization and
infrastructure upgrades to support autonomous vehicle adoption in developing countries. These
findings underscore the future potential of sensor-enhanced autonomous transport systems for
safer urban mobility.

Keywords: autonomous vehicles, smart sensors, road safety, sensor fusion, traffic management
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DEVELOPMENT OF LOW-COST SOLAR WATER HEATING SYSTEMS FOR
RURAL COMMUNITIES

Prof. Dr. Mekdes Abebe
Abel Getachew
Fikirte Degu
Department of Renewable Energy Engineering, Asmara College of Health Sciences, Eritrea

Abstract

Energy access remains a significant challenge in rural communities, where solar water heating
systems offer sustainable solutions to meet domestic and agricultural needs. This research
presents the design, prototyping, and field testing of affordable and locally manufacturable solar
water heaters tailored to Eritrea’s climate and socio-economic context. The system features
optimized collector designs, insulation materials, and storage tanks to maximize thermal
efficiency while minimizing costs. Thermodynamic modeling and energy performance
simulations guide iterative enhancements under seasonal variability. Field data demonstrate
substantial reductions in fuelwood consumption and indoor air pollution, contributing to health
and environmental benefits. Social acceptance and maintenance practices are assessed through
user surveys. Findings suggest that widespread adoption can significantly improve living
standards and promote renewable energy uptake. The paper concludes with recommendations
for scaling production, government incentives, and community training programs to foster
sustainable energy independence.

Keywords: solar water heating, rural energy, renewable energy, energy efficiency, Eritrea
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ENHANCED BIOMASS GASIFICATION TECHNOLOGY FOR SUSTAINABLE
ENERGY PRODUCTION

Dr. Tesfaye Alemu
Assoc. Prof. Dr. Mulugeta Fikadu
Sara Kidane
Department of Mechanical Engineering, Addis Ababa University, Ethiopia

Abstract

Biomass gasification offers a promising pathway for sustainable energy generation, converting
agricultural and forest residues into clean syngas fuel. This study evaluates recent technological
advancements improving gasifier design, feedstock preparation, and system control to enhance
energy efficiency and gas quality. Experimental setups and computational models analyze the
impact of operating parameters such as temperature, pressure, and gasifying agents. The
research highlights the integration of catalytic tar reforming and novel reactor geometries to
reduce tar and particulate emissions. Applications for decentralized power generation in rural
Ethiopian communities are explored, emphasizing socio-economic and environmental benefits.
Challenges regarding cost, maintenance, and feedstock logistics are discussed with potential
solutions. The paper advocates policies supporting biomass energy infrastructure development
as a component of Ethiopia’s renewable energy portfolio aiming at rural electrification and
climate mitigation.

Keywords: biomass gasification, renewable energy, sustainable energy, syngas, environmental
technology
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STRUCTURAL OPTIMIZATION OF BAMBOO-BASED COMPOSITE MATERIALS
FOR GREEN CONSTRUCTION

Hanna Girma ,Dr. Yonas Tilahun ,Prof. Dr. Lemlem Tadesse
Department of Civil Engineering, Addis Ababa University, Ethiopia

Abstract

Sustainable construction materials are critical for reducing the carbon footprint of urban
development. This research investigates structural optimization of bamboo-based composites
to improve mechanical properties and durability while maintaining environmental benefits.
Experimental and simulation techniques assess tensile strength, flexural rigidity, and impact
resistance of composites reinforced with bamboo fibers. The study examines matrix-fiber
bonding, moisture absorption, and thermal stability. Results demonstrate that optimized
composites meet or exceed conventional material standards for certain load-bearing
applications. The paper discusses challenges with manufacturing consistency and bio-
degradation, proposing treatments to enhance longevity for Ethiopian climatic conditions.
Implementing bamboo composites supports green building practices and resource efficiency
for sustainable urban growth. Recommendations include developing standards and promoting
bamboo plantations as renewable resources.

Keywords: bamboo composites, green construction, structural optimization, sustainable
materials, Ethiopia
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THERMAL MANAGEMENT IN ELECTRIC VEHICLES USING ADVANCED
PHASE CHANGE MATERIALS

Assoc. Prof. Dr. Pavel Smirnov, Dr. Irina Volkova, Mikhail Andreev
Department of Mechanical Engineering, Saint Petersburg State University, Russia

Abstract

Effective thermal management of electric vehicle (EV) batteries is vital for performance, safety,
and lifespan. This paper examines the utilization of advanced phase change materials (PCMs)
as passive cooling solutions in EV battery systems. The study presents experimental
characterization of novel PCM composites with tailored melting points and enhanced thermal
conductivity. Thermal simulations model heat distribution and temperature regulation under
varying driving conditions. Results highlight improved temperature uniformity and delay in
overheating, contributing to battery efficiency and durability. The paper also considers PCM
integration challenges, such as material containment and mechanical stability under cyclic
thermal loads. It proposes design recommendations for optimizing PCM-based systems, with
implications for EV manufacturers seeking environmentally friendly and cost-effective thermal
management technologies in Russia’s automotive industry.

Keywords: thermal management, electric vehicles, phase change materials, battery cooling,
energy efficiency
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AI-BASED PREDICTIVE CONTROL SYSTEMS FOR INDUSTRIAL ROBOTIC
APPLICATIONS

Prof. Dr. Elena Kravchenko, Dmitry Belov, Alexei lvanov
Department of Robotics and Automation, Moscow State University, Russia

Abstract

Artificial intelligence (Al) has transformed industrial robotics by enabling predictive control
systems that enhance efficiency, accuracy, and adaptability. This study develops Al-driven
control algorithms utilizing machine learning and real-time sensor data to optimize robotic task
execution and fault prediction. Experimental implementation on robotic manipulators
demonstrates reductions in operational downtime and improvements in precision for tasks such
as assembly, welding, and material handling. The paper explores challenges in integrating Al
systems with existing industrial infrastructures and outlines solutions for scalability and
cybersecurity. It emphasizes the potential economic and labor benefits from adopting Al
predictive controls in manufacturing processes. The results contribute to advancing smart
factory technologies and promoting Industry 4.0 initiatives within Russia’s industrial sector.

Keywords: artificial intelligence, predictive control, industrial robotics, machine learning,
smart manufacturing
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IMMUNE RESPONSE AND VACCINE EFFICACY IN DAIRY CATTLE

Prof. Dr. Reza Moradi, Dr. Sahar Ahmadi, Ali Tavakoli
Faculty of Veterinary Medicine, University of Tehran, Iran

Abstract

This study provides a comprehensive evaluation of immune response and vaccine efficacy in
dairy cattle, focusing on both humoral and cellular immune mechanisms. Vaccination remains
the cornerstone of preventive medicine in livestock, yet its effectiveness can be influenced by
breed, age, nutrition, and environmental stressors. The authors conducted multi-phase field
trials including serological assays, lymphocyte proliferation tests, and clinical monitoring on
vaccinated herds in northern Iran. Key findings demonstrate variable antibody titers among
different cattle breeds, temporal changes in immune markers following vaccination, and
correlations between nutrition status and immunogenicity. Results reveal that while commercial
vaccines are effective in reducing disease prevalence, instances of partial protection and booster
necessity persist. Importantly, improved immune response is observed in herds managed with
optimal nutrition and stress mitigation strategies. The study suggests targeting vaccine
protocols to herd-specific characteristics and integrating proactive nutrition and welfare
practices to optimize immunization outcomes, thus advancing dairy herd health and
productivity.

Keywords: vaccine efficacy, dairy cattle, immune response, preventive medicine, serological
assays
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ADVANCES IN DIAGNOSIS AND TREATMENT OF CANINE PARVOVIRUS
INFECTIONS

Assoc. Prof. Dr. Nima Ghasemi
Leila Farhadi
Department of Clinical Sciences, Shiraz University, Iran

Abstract

Canine parvovirus (CPV) remains a critical pathogen affecting global canine populations,
causing severe gastroenteritis and high mortality rates in puppies. This paper reviews recent
advancements in diagnostic techniques—especially molecular assays and rapid antigen
testing—used in early detection of CPV infections. Treatment strategies now emphasize a
combination of supportive care, immunomodulation, and targeted antiviral therapy. The authors
detail clinical case studies highlighting improved prognosis with aggressive fluid therapy and
adjunctive agents. The abstract assesses vaccine breakthroughs and the emerging role of oral
and injectable biologics. The integration of molecular epidemiology enables tracking of viral
variants and informs ongoing vaccine development. Results point to substantial decreases in
fatality rates through early intervention and advanced therapeutic regimens. The paper
concludes by recommending further research on CPV immunology and the development of
novel antivirals to meet the evolving challenge of viral mutations and resistance.

Keywords: canine parvovirus, diagnosis, treatment, immunology, viral variants
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EVALUATION OF ANTI-PARASITIC DRUGS IN SHEEP FLOCKS: RESISTANCE
PATTERNS

Dr. Hossein Kiani
Mohammad Rezaei
Department of Parasitology, Tabriz University, Iran

Abstract

This research examines the efficacy and resistance patterns of anti-parasitic drugs used in sheep
flocks under different management systems. Persistent drug resistance among gastrointestinal
parasites threatens animal health and agricultural productivity. The study involved longitudinal
sampling of fecal specimens, molecular resistance profiling, and drug rotation experiments
across multiple flocks. Findings reveal rising trends in resistance against commonly used
anthelmintics, correlated with improper dosage protocols and lack of drug rotation. The authors
report success with integrated management strategies that combine targeted medication, pasture
rotation, and parasite monitoring. Effective resistance management is shown to hinge on
coordinated diagnostic surveillance and evidence-based treatment protocols. The paper
recommends regular parasitological testing and strategic drug deployment to preserve treatment
efficacy and reduce evolutionary pressure for resistance.

Keywords: anti-parasitic drugs, sheep flocks, resistance patterns, parasite management,
anthelmintics
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PREVALENCE AND MOLECULAR CHARACTERIZATION OF AVIAN
INFLUENZA IN POULTRY FARMS

Dr. Meron Bekele
Assoc. Prof. Dr. Tsegaye Alemu
Department of Microbiology, Asmara College of Health Sciences, Eritrea

Abstract

Avian influenza poses significant risks to poultry farms due to its rapid transmission and
potential for zoonotic outbreaks. This study investigates the prevalence and molecular
characteristics of avian influenza viruses in commercial poultry operations near Asmara,
Eritrea. By combining RT-PCR screening with phylogenetic analysis, the researchers identified
predominant virus strains and mutation profiles. Epidemiological data highlight seasonal spikes
in infection rates and link outbreaks to farm management practices and wild bird migration.
The findings underscore the necessity of molecular surveillance for early detection and
containment, as well as targeted biosecurity interventions, vaccination campaigns, and
information dissemination among farm operators. These insights are crucial for national and

regional disease control strategies aimed at mitigating economic losses and public health
threats.

Keywords: avian influenza, poultry farms, molecular characterization, surveillance,
biosecurity
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NUTRITIONAL INTERVENTIONS TO IMPROVE REPRODUCTION IN DAIRY
GOATS

Mesfin Tesfaye
Dr. Hana Belay
Department of Animal Science, Mazegga College of Agriculture, Eritrea

Abstract

The importance of diet in optimizing reproductive performance in dairy goats is the basis for
this field research, which assesses targeted nutritional interventions over several breeding
seasons. The authors conducted randomized trials on mineral supplementation, protein ratios,
and forage quality in goat herds across the Maekel Region. Results detail marked improvements
in fertility rates, kidding intervals, and offspring health indices associated with balanced
micronutrient intake. Blood biochemistry and reproductive hormone monitoring confirm the
physiological benefits of the intervention protocols. The study further explores the interactions
between nutrition, environmental stress factors, and breed genetics. Conclusions emphasize the
need for continued education, extension services, and policy support for smallholder farmers
implementing such interventions to maximize herd productivity and economic resilience.

Keywords: nutrition, dairy goats, reproduction, fertility intervention, herd productivity
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STRATEGIES FOR CONTROLLING BOVINE TUBERCULOSIS IN LARGE HERDS

Dr. Ahmed Hassan
Prof. Dr. Mohamed El-Sayed
Department of Veterinary Medicine, University of Belgrade, Serbia

Abstract

Bovine tuberculosis remains a significant challenge for animal health management and public
safety, particularly in large herds. This study explores strategic control measures including
improved diagnostics (e.g., interferon-gamma assays), robust quarantine protocols, and herd-
level vaccination practices. By analyzing multi-year surveillance data, the authors demonstrate
the impact of standardized testing and culling policies on reducing disease incidence. Case
studies of herd-level implementations reveal the importance of farmer education, government-
initiated monitoring, and financial incentives for compliance. Further discussion covers
zoonotic implications, cross-species transmission concerns, and the role of molecular
epidemiology in tailoring vaccination programs. The research supports comprehensive control
strategies, advocating for coordinated multi-agency approaches to reduce TB prevalence and
economic losses associated with large scale outbreaks.

Keywords: bovine tuberculosis, herd management, diagnostics, vaccination, control strategies
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EPIDEMIOLOGICAL STUDY OF FLEA-BORNE DISEASES IN DOMESTIC CATS

Sara Kamal
Dr. Youssef Mansour
Ali ElI-Mahdy
Department of Epidemiology, University of Novi Sad, Serbia

Abstract

This epidemiological investigation examines flea-borne diseases in domestic cats across urban
and rural households. The study systematically analyzes clinical records, owner surveys, and
laboratory results for major pathogens (including Rickettsia felis and Bartonella henselae).
Prevalence rates differ by household environment, grooming practices, and regional climate
patterns. Molecular diagnostics and seroprevalence findings reveal seasonal variations and links
to vector control failures. Case reports highlight zoonotic risks associated with cat ownership
for immunocompromised populations. The abstract recommends integrated vector
management, routine veterinary check-ups, and owner education to curtail flea-borne disease
burdens. The research offers actionable insights for public health officials, veterinarians, and
pet owners.

Keywords: flea-borne diseases, domestic cats, epidemiology, vector management, zoonosis
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EFFECT OF ENVIRONMENTAL STRESS ON POULTRY IMMUNE FUNCTION

Dr. Hani Salah
Department of Animal Physiology, Cairo University, Egypt

Nouran Abdelrahman
Department of Animal Physiology, Cairo University, Egypt

Abstract

Environmental stressors such as heat, humidity, and overcrowding are major contributors to
immune dysfunction in commercial poultry operations. This study evaluates the physiological
and immunological consequences of acute and chronic stress exposure in broiler chickens and
layers. Using biomarkers including cytokine profiles, lymphocyte counts, and oxidative stress
markers, the authors document compromised flock immunity and increased susceptibility to
infectious diseases. Experimental trials with stress mitigation interventions—such as cooling
systems, dietary supplements, and optimized stocking densities—demonstrate partial
restoration of immune health and improved disease resistance. The abstract highlights the
imperative for environmental management in poultry production facilities to sustain avian
health and maximize economic return. Policy recommendations encourage industry-wide
adoption of welfare standards, preventive veterinary care, and environmental monitoring.

Keywords: environmental stress, poultry, immune function, biomarkers, disease resistance
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