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CONFERENCE ID

MUNZUR 8TH INTERNATIONAL CONFERENCE ON APPLIED SCIENCES

DATE - PLACE
APRIL 11 - 13, 2025 -

TUNCELI

ORGANIIZATION
ACADEMY GLOBAL CONFERENCES & JOURNALS

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

PARTICIPATING COUNTRIES

Turkey — India — Spain-Iran - Azerbaijan- Pakistan- Romania — China- Nigeria- Fiji-
Kazakhstan- Germany- Iran- Algeria- Mongolia — Philippines- Saudi Arabia- Afghanistan-
Greece- South Korea — Mexico- Indonesia- Greece- Nigeria- Russia- Egypt- Kazakhstan-

PRESENTATION
Oral presentation

PERCENTAGE OF PARTICIPATION
29 papers presented by by participants from Turkey and 40 papers from other
Countreies

Members of the organizing committees of the conference perform their duties with an
"official assignment letter""

Edited by

Assoc. Prof. Dr. Yeliz Cakir Sahilli
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ANKARA UNIVERSITESI REKTORLUGU
Veteriner Fakiltesi Dekanli§i
Fakulte Sekreterligi

Say1  :E-21304664-051-1705704 12.02.2025
Konu :31-14279 Prof. Dr. Ali Bilgili'nin

Uluslararas1 Kongrelerde Diizenleme ve

Bilim kurullarinda yer almasi hk

FARMAKOLOIJI VE TOKSIKOLOJi ANABILIM DALI BASKANLIGINA

Ilgi  :Farmakoloji ve Toksikoloji Anabilim Dali Baskanligi'nin11.02.2025 tarihli ve
E-41298163-051-1704750 say1l1 yazist.

Ilgi yazimz uyarinca, Anabilim Daliniz 6gretim iiyesi Prof.Dr.Ali BILGILI'nin, Yiiksekogretim
Kurulu'nun 15.06.2023 tarihli oturumunda dogentlik bagvurulari sartlar1 ile ilgili degisiklik Onerileri
kapsaminda, "Academy Global Conferences & Publishing (https://www.akademikongre.org/registration)"
tarafindan oniimiizdeki tarihlerde diizenlenecek olan uluslararasi kongrelerde; kongre bagkani, kongre
diizenleme ve bilim kurulu iiyesi olarak gorev yapmasi Dekanligimizca da uygun goriilmiistiir.

Bilgilerinizi ve geregini saygilarimla rica ederim.

Prof. Dr. Necmettin UNAL
Dekan V.

Bu belge, givenli elektronik imza ile imzalanmistir.
Dogrulama Kodu: 8E77B04B-BD26-449E-A3C8-D44477307021  Dogrulama Adresi: https://www.turkiye.gov.tr/ankara-universitesi-ebys

Ziibeyde Hanim Mahallesi Sehit Omer Halisdemir Bulvari No: 9/C 06070 Altindag / Bilgi i¢in:Gilay SAFAK Eﬁ:‘--m
ANKARA Bilgisayar Isletmeni Egk:iialst
Telefon No: (0312) 317 03 15 Belge Geger No: (0312) 316 44 72 Telefon No:(312) 317 03 15-4510 Eﬁt T
e-posta: vetmed@veterinary.ankara.edu.tr E-Posta: gsafak@ankara.edu.tr ,: FEe

KEP Adresi: ankunvrek@ankuni-hsOT.Kep.tr
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MUNZUR 8TH INTERNATIONAL CONFERENCE ON APPLIED SCIENCES
APRIL 11 - 13, 2025
TUNCELI

NO :AC-8A -2025. 340u- 2034
Konu : Akademik Tegvik Uygunluk Belgesi 10/5/2025

ILGILIi MAKAMA

Academy Global Conferences tarafindan dizenlenen Munzur 8. Uluslararasi
Uygulamah Bilimler Kongresi 11- 13 Nisan 2025 tarihlerinde Tunceli’de 26 farklt
ilkeden akademisyenin katilimiyla gerceklestirilmistir. Kongre kapsaminda sunulan 69
bildirinin 29’u Tirkiye’den, 40’1 ise farkli 25 Ulkeden katilan akademisyenler
tarafindan sunulmustur. Kongre, 16 Ocak 2020 Akademik Tesvik Odenegi
Yonetmeligine getirilen “Tebliglerin sunuldugu yurt icinde veya yurt disindaki
etkinligin uluslararasi olarak nitelendirilebilmesi i¢in Tiirkiye disinda en az bes farkli
iilkeden sozlii teblig sunan konusmacinin katilim saglamasi ve tebliglerin yaridan

fazlasinin Tiirkiye disindan katilimcilar tarafindan sunulmasi esastir.” degisikligine
uygun olarak diizenlenmistir.

Bilgilerinize arz ederiz

Saygilarimizla

Prof. Dr. Ali Bilgili

www.munzurkongresi.org

www.akademikongre.org
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MUNZUR 8 INTERNATIONAL CONFERENCE ON SOCIAL SCIENCES
MUNZUR 8" INTERNATIONAL CONFERENCE ON APPLIED SCIENCES
The ArtTown 4™ INTERNATIONAL GROUP EXHIBITION
April 11 - 13,2025
TUNCELI

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 baglantisi i¢in yukarida verilen baglantiy1 veya yine yukarida verilen giris bilgilerini kullanabilirsiniz.

e  Oturum icerisinde en KIDEMLI olan moderator olarak secilir. Moderatdriin oturum diizenini gdzetmesi,
akademisyen adaylarin1 yonlendirmesi beklenmektedir.

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

beklemeden oturumlariniza génderilebileceksiniz. Or. 5 Ahmet Ahmetoglu

Sunum siiresi 10 dakikadir. Bu siirenin agilmamasinit moderatdrler temin edecektir.

Sunum sonrasi1 5 dakikay1 gegmeyen soru-cevap, tartisma siiresi verilmektedir.

Sunumlar TURKCE veya INGILIZCE yapilabilmektedir.

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

Sunum yapan katilimeinin kamerasi agik olmak zorundadir.

Sunum yapmak zorunludur. Herhangi bir nedenle sunum yapmamis olan katilimciya sertifika verilmesi ve

¢aligmasinin yaymlanmasi sézkonusu olamaz.

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

e  Katilimcilarin kendi oturumlart disindaki oturumlara katilma zorunlulugu yoktur.

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

IMPORTANT, PLEASE READ CAREFULLY

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

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

The Zoom application can be used without registration.

The application works on tablets, phones and PCs.

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

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

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

Make sure your computer has a microphone and is working.

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

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

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
gy

ACADEMY
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MUNZUR 8th INTERNATIONAL CONFERENCE ON SOCIAL SCIENCES
MUNZUR 8th INTERNATIONAL CONFERENCE ON APPLIED SCIENCES

April 11 - 13, 2025
TUNCELI
Meeting ID: 885 7151 8350 Passcode: 202224
11 Nisan / April 11,2025/ 11:00 — 13:00 Time zone in Turkey (GMT+3)

Salon Moderator Bildiri No ve Baslig1 / Paper ID and Title Authors

Dog. Dr. Miige MANGA
Dog. Dr. Duygu YILDIZ
KARAKOC

RELATIONSHIP BETWEEN LOAD CAPACITY FACTOR AND
1 FOREIGN DIRECT INVESTMENT: AN ANALYSIS ON
TURKIYE

Dog. Dr. Duygu YILDIZ
KARAKOC
Dog. Dr. Miige MANGA

TURKIYE’S FOOD SUSTAINABILITY PERFORMANCE
2 WITHIN THE SCOPE OF THE FOOD SUSTAINABILITY
INDEX

AGRICULTURAL POLICIES OF TURKEY IN THE CONTEXT o
8 | OFRIGHT TO FOOD & FOOD SECURITY Prof. Dr. Ahmet SAHINOZ

N
Q
- 4
op— T . . . . PR . T .
= E 4 Istihdam ve Eknonuomlk Biiyiime Arasindaki Iliski: Istthdam Dr. Servet KAPCAK
@) 7 Yaratmayan Biiyiime
|
~—
-5}
5 | B
~ =
:Il <
< 5 5 YAPAY ZEKA EKONOMISI VE DIJiTALLESME Dr. Servet KAPCAK
T o
=
S
-9
6 UNEMPLOYMENT CONVERGENCE ANALYSIS FOR G7 Dr. Ogr. Uyesi, Anil
COUNTRIES: FOURIER UNIT ROOT TEST LOGUN
7 THE EFFECT OF URBANIZATION ON ENERGY Dr. Ogr. Uyesi, Anil
CONSUMPTION: THE EXAMPLE OF TRB REGION LOGUN
Yiiksek Lisans Ogrenci,
8 DONGUSEL EKONOMI VE ULKELERIN ATIK YONETIMI ILIRJAN HASA
ACISINDAN DEGERLENDIRILMESI Dog. Dr., GOKHAN
OZKAYA
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MUNZUR 8th INTERNATIONAL CONFERENCE ON SOCIAL SCIENCES
MUNZUR 8th INTERNATIONAL CONFERENCE ON APPLIED SCIENCES

April 11 - 13, 2025
TUNCELI

Meeting ID: 885 7151 8350 Passcode: 202224

11 Nisan / April 11,2025/ 11:00 — 13:00 Time zone in Turkey (GMT+3)

Salon Moderator Bildiri No ve Baslig1 / Paper ID and Title Authors
TAKIM TALAS YUZEYI UZERINE ACILAN SOGUTMA Dog.Dr, OKTAY
KANALI ILE YAPILAN SOGUTMA ISLEMISNDE TAKIM ADIYAMAN
ASINMASININ INCELENMESI GULCIN SEKER
PotoYolt§1k panel pasif sogutma sistemlerinde termoelektrik Perihan CULUN
modiillerinin kullanilmasi
N Perihan CULUN
= % Termoelektrik ve Peltiyer Modiillerinin Farkli Uygulama Alanlar Cengiz ONER
O = Nihat TARHAN
- -
< o
(92]
hayg =
_ = Prof. Dr. CEM
_I - p— T ~
< 5 INVESTIGATION OF SURFACE PERFORMANCE OF SINANOGLU
T A~ TEXTURED BEARINGS Dr. Ogr. Uyesi FATMA
NAZLI OZSOLAK
ASLIHAN COLAK
Yiiksek Lisans Ogrencisi,
ZINGIBER OFFICINALE/POLIETILEN GLIKOL BIYOPOLIMER KEGSED&L;;IZ
MATRISINDE CINKO OKSIT NANOPARTIKULLERIN YESIL 5. Uor.
SENTEZININ OPTIMIZASYONU KA ULUT SEVK
Dog. Dr. NURAY BEKOZ
ULLEN
Yiiksek Lisans Ogrencisi,
FARKLI YUZEY PURUZLULUKLERININ CINKO OKSIT XEGSED&L;;E&
NANOPARTIKUL KAPLAMALARIN MORFOLOJISINE §. Jor.
ETKISININ INCELENMESI KARABULUT SEVK.
Dog. Dr. NURAY BEKOZ
ULLEN

Academy Global Conferences & Journals
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MUNZUR 8th INTERNATIONAL CONFERENCE ON SOCIAL SCIENCES
MUNZUR 8th INTERNATIONAL CONFERENCE ON APPLIED SCIENCES

April 11 - 13, 2025
TUNCELI
Meeting ID: 885 7151 8350 Passcode: 202224

11 Nisan / April 11,2025/ 11:00 — 13:00 Time zone in Turkey (GMT+3)
Salon Moderator Bildiri No ve Baslig1 / Paper ID and Title Authors
Selection of Synonymous Words in the Qur’an and Its Impact on the
! Meaning within the Scope of Linguistic Interpretation Dog.Dr, Ahmed ALDYAB
Selection of Indefinite Words in the Qur’an and Its Impact on the
2 Meaning within the Scope of Linguistic Interpretation Dog.Dr, Ahmed ALDYAB
3 THE LEXICAL MEANING AND TERMINOLOGIZATION OF Master’s Student Ceylan
THE TERM “VELAYAH” IN THE ARABIC LANGUAGE Cetin
4 THE TERMiN_OLOGiCAL DEVELOPMENT OF THE WORD Master’s Student Ceylan
“VELAYAT” IN THE FUNDAMENTAL ISLAMIC SCIENCES Cetin
S
: HOW THE AUTHOR AND CHARACTERS SPEAK TO THE ; -
™ Z S TARGET AUDIENCE THROUGH STYLES Prof. Dr. MUNISE AKSOZ
% <
§, Z. 6 OZDEMIR ASAF AND STYLES Prof. Dr. MUNISE AKSOZ
3 |2
-
Z:' = RABIA SAFAK
T E 7 EIIEI}/(I}II\IS% COKUM’UN ROMANLARINDA PSIKANALIZ PROF. DR. MUMTAZ
e SARICICEK
-
The Nomenclature Of Agricultural Tools And Their Cultural
8 Contexts In The Tunceli Mazgirt Region Derya BURKAY
o ; R ; Yiiksek Lisans Ogrencisi,
9 MODERN ARAP SIIRI EKOLLERI VE TEMSILCILERI ZEYNEP DIiCLE
10

Academy Global Conferences & Journals
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MUNZUR 8th INTERNATIONAL CONFERENCE ON SOCIAL SCIENCES
MUNZUR 8th INTERNATIONAL CONFERENCE ON APPLIED SCIENCES

April 11 - 13, 2025
TUNCELI

Meeting ID: 885 7151 8350 Passcode: 202224

11 Nisan / April 11,2025/ 11:30 — 13:30 Time zone in Turkey (GMT+3)

CRIMINAL LIABILITY IN COPYRIGHT VIOLATIONS: A
COMPARATIVE OVERVIEW FROM THE WESTERN
BALKANS REGION

Salon Moderator Bildiri No ve Baslig1 / Paper ID and Title Authors
Title: REFORMING RETIREMENT BENEFIT DIVISION IN Dr. N. Mthembu
SOUTH AFRICAN DIVORCE LAW: ENSURING EQUITY FOR Pr(')f br T Khumalo
NON-MEMBER SPOUSES T
MAPPING ILLICIT CROPS THROUGH SPECTRAL ANALYSIS: .
A REMOTE SENSING STRATEGY FOR SECURITY AND Ernggf gﬂacr):%r;:(?;h
AGRICULTURAL STABILITY T
COMPULSORY MEDIATION IN DEFAMATION CASES:
NAVIGATING THE TENSION BETWEEN SPEECH RIGHTS Dr. T. Mokoena
AND PERSONAL REPUTATION o
HISTORICAL TRAJECTORIES OF REFUGEE AND ASYLUM Mohammad Reza Farhadi
POLICIES IN AUSTRALIA: A CRITICAL REVIEW OF Amina Fatou Ndiaye
IMMIGRATION ATTITUDES Dr. Dawid Marek Nowak

< o

D =

Z o ©

S &5

:(l £ S THE DYNAMICS OF DECENTRALIZATION IN THE

n s A4 EUROPEAN UNION: IMPLICATIONS AND FUTURE Sofiya lvanenko

: - DIRECTIONS FOR UKRAINE

3 ‘g

< } .

T o

Elira Dreshaj
Arlinda Petrova
Fjona Kelmendi

RETHINKING RESOURCE POLICIES: A COMPARATIVE
PERSPECTIVE ON END-OF-WASTE LEGISLATION IN THE
EUROPEAN UNION

Elena Petrova
Dr. Ahmed Al-Rashid
Marta Nowak

TRANSFORMATIONAL LEADERSHIP AND POLITICAL
DYNAMICS: THEIR IMPACT ON CORPORATE
PERFORMANCE IN NATIONAL ENERGY ENTERPRISES

Muhammad Faris Abdullah,
Chidinma Grace Okafor

THE IMPACT OF DIGITAL INNOVATION ON
FUNDAMENTAL PRINCIPLES OF CONTRACT LAW

Ms. Aiko Tanaka,
Dr. Jonas Bergstrom,
Fatima Al-Karim
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MUNZUR 8th INTERNATIONAL CONFERENCE ON SOCIAL SCIENCES
MUNZUR 8th INTERNATIONAL CONFERENCE ON APPLIED SCIENCES

April 11 - 13, 2025
TUNCELI

Meeting ID: 885 7151 8350 Passcode: 202224

11 Nisan / April 11,2025/ 11:30 — 13:30 Time zone in Turkey (GMT+3)
Salon Moderator Bildiri No ve Baslig1 / Paper ID and Title Authors
REDEFINING GOVERNANCE: COMBATING LEADERSHIP Ahmed Boubacar Diallo,
FAILURE AND SYSTEMIC CORRUPTION IN POST- Fatoumata Aminata Diop,
INDEPENDENCE NIGERIA Ibrahim Musa Sani
THE CRISIS OF DEMOCRACY IN PAKISTAN: AN Ahmed Rashid
ANALYTICAL STUDY THROUGH ISLAMIC AND WESTERN Dr. Fatima Noor
PHILOSOPHICAL PERSPECTIVES Hassan Khalil
o TRANSFORMATION AND CHALLENGES IN NATIONAL ﬁé?raaF“:t??nrg‘:é’ﬁa':assa”
= LAND USE PLANNING SYSTEMS: A COMPARATIVE N
] PERSPECTIVE Assis. Prof_. Dr. Mohammad
[Tel a Reza Darvishi
©
P 1S
9 £
3:' w Somchai Srisai,
%) o THE IMPLEMENTATION OF ANTI-CIRCUMVENTION Lec. Naree Panya,
~ ) LEGISLATIONS IN THE THAI COPYRIGHT SYSTEM Ananya Nontawat,
j = Dr. Kittisak Jitpaisarn
X e
|2
g THE SUCCESS AND CHALLENGES OF EMBEDDING Dr. Sarah Williams,
< EVIDENCE-BASED RESEARCH METHODS IN POLICING Assis. Prof. Dr. Emma
INTERVENTIONS Davis
TAIWAN'S POLITICAL LANDSCAPE: THE RISE AND FALL Emily Williams, Robert
OF HAN KUO-YU IN KAOHSIUNG Johnson
Maria Linda Ana
INTELLECTUAL PROPERTY CHALLENGES IN SPACE Ungureanu
EXPLORATION: FOCUS ON EUROPEAN SPACE AGENCY Thomas Nikolaus Wagner
REGULATIONS Isabelle Veronique Dupont
Robert Heinrich Schmidt
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MUNZUR 8th INTERNATIONAL CONFERENCE ON SOCIAL SCIENCES
MUNZUR 8th INTERNATIONAL CONFERENCE ON APPLIED SCIENCES

April 11 - 13, 2025
TUNCELI

Meeting ID: 885 7151 8350 Passcode: 202224

11 Nisan / April 11,2025/ 11:30 — 13:30 Time zone in Turkey (GMT+3)
Salon Moderator Bildiri No ve Baslig1 / Paper ID and Title Authors
EVALUATION OF THE IMPLEMENTATION OF PUBLIC Olamide Oginni
EXAMINATION CHIEF EXAMINERS’ REPORTS IN Adeola Johnson
MATHEMATICS CURRICULUM CONTENT Chijioke Okafor
IMPLEMENTATION MECHANISMS OF CONTINUOUS Yelena Agranovich,
PROFESSIONAL DEVELOPMENT FOR EDUCATORS IN Larissa Ageyeva,
KAZAKHSTAN: A STUDY BASED ON THE "TEACHER" Violetta Tyan,
PROFESSIONAL STANDARD Aigul Syzdykbayeva
SKILL MISMATCH BETWEEN HEAVY EQUIPMENT E‘?Céigs';rkmh:z BT;ZE&%‘:‘P
REPAIRER STUDENTS AND EMPLOYERS' REQUIREMENTS : :
Dr. Bayarmaa Tsogtbaatar
e ASSESSING CHILDREN'S PROBABILISTIC AND CREATIVE | Maria Oliveira, Jodo Santos,
g THINKING IN A NON-FORMAL LEARNING CONTEXT Carla Almeida, Pedro Costa
© ®©
z s
- 3
;(' s APPLICATION OF CAUSAL INFERENCE AND DISCOVERY | |\ ooy
Py o IN CURRICULUM EVALUATION AND CONTINUOUS B Duagn g
~ g IMPROVEMENT
- =
3 S
T 3
X Roberto Merlo,
5 ATTITUDE OF UNIVERSITY STUDENTS TOWARDS THE Dr. Maria Gonzalez,
USE OF ARTIFICIAL INTELLIGENCE Zoila Rivero,
Dr. Laura Gonzélez
ENHANCING ONLINE EDUCATION IN ARABIC LANGUAGE ﬁéﬁgﬁ:ﬁ:{?l’klhami
TEACHING: CHALLENGES, OPPORTUNITIES, AND :
STRATEGIES Ahmed Al-Mansoori,
Khalid Al-Jabri
FUTURE PERSPECTIVES IN ARCHITECTURAL EDUCATION Jpjégiliraﬁgo*
IN PORTUGAL: REVOLUTIONIZING THE TEACHING Matia Silva
APPROACH FOR NEW GENERATIONS Pt Costa
STRENGTHENING ADULT EDUCATION TO END FEMALE . o
GENITAL MUTILATION AND ACHIEVE SUSTAINABLE \éfrirgfritg%’ﬁi'kgffmub;;a
DEVELOPMENT GOALS :
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April 11 - 13, 2025
TUNCELI

Meeting ID: 885 7151 8350 Passcode: 202224

Salon Moderator Bildiri No ve Basligi / Paper ID and Title Authors
THE ASSOCIATION BETWEEN ADHD MEDICATION, g;crg'gast’fl‘;g Emily Dwyer,
CANNABIS, NICOTINE USE, MENTAL DISTRESS, AND Pl B%n Jentre
OTHER PSYCHOACTIVE SUBSTANCES : '
Lina Begdache
THE IMPACT OF LIFE MEANING ON ACADEMIC g?y;‘;‘tg;::"g;oa';?ﬁgm
PERFORMANCE AMONG JAPANESE COLLEGE STUDENTS | =7 ’
~ )
> § IMPROVING DECISION SUPPORT FOR ORGAN }:gémnpll\gccggloh,
3 Q TRANSPLANT Dr. David Stewart,
wn
5 o
~ >
| ©
- a EFFECTS OF GRATITUDE PRACTICE ON RELATIONSHIP Dr. Anomi Bearden,
% 5 SATISFACTION AND THE ROLE OF PERCEIVED Brooke Goodyear,
SUPERIORITY Dr. Alicia Khan
Assoc. Prof. Dr. Victoria S.
LOVE AND MONEY: SOCIETAL ATTITUDES TOWARD S:fer;zl%er B. Hookins
INCOME DISPARITIES IN AGE-GAP RELATIONSHIPS Dr. Emily M. Thgmas'
Samuel J. Richardson
MINDFULNESS-BASED INTERVENTIONS FOR ENHANCING | ¢ i\
SELF-ESTEEM AND PSYCHOLOGICAL WELL-BEING: o gRa Lol Rodrieucs
EXAMINING THE INFLUENCE OF CONTINGENT SELF- - ~aquel Rodriguez
ESTEEM Carvajal
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11 Nisan / April 11,2025/ 11:30 — 13:30 Time zone in Turkey (GMT+3)
Salon Moderator Bildiri No ve Baslig1 / Paper ID and Title Authors
ISLAMIC CIVILIZATION IN WEST AFRICA: THE ROLE OF
1 THE SOKOTO CALIPHATE IN SCIENCE AND TECHNOLOGY Mohammad Buba, Ibrahim
DEVELOPMENT Aliyu
TEACHERS’ PERCEPTIONS OF THE IMPACT OF
2 | TOBEPHOBIA ON JOB SATISFACTION AND EMOTIONS Kuame Mensah, Akosua
KNOWLEDGE MANAGEMENT FOR SUSTAINABLE
3 ENVIRONMENTAL MANAGEMENT IN HIGHER EDUCATION | Julian Vargas, Maria
INSTITUTIONS Gomez
© = META-TEACHING SKILLS AND IMPROVEMENTS IN
% 'g 4 CLASSROOM TEACHING QUALITY Zainab Haji, Faiza Amin
< S
5 Z
:II :E‘ THE ROLE OF STUDENT COUNSELORS IN PROMOTING
< 5 5 WELL-BEING AMONG SCHOOLCHILDREN IN THE MIDDLE Hassan Al-Farhan
T EAST
THE EFFECTIVENESS OF DRAMA-BASED LEARNING IN
6 FOSTERING CREATIVITY IN PRESCHOOL EDUCATION Michaela Novakova
PARENTS' PERSPECTIVES ON THE FUTURE OF
7 EDUCATION: A STUDY FROM CENTRAL EUROPE Lukas Svoboda
6
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Salon Moderator Bildiri No ve Baslig1 / Paper ID and Title Authors
Local Names And Uses Of Anchusa Azurea (Cow’s Tongue) Plant ; P
! Grown In The Pertek Region Of Tunceli ZILAN EYLEM ILMIN
’ A LOST HERITAGE IN GAZIANTEP CULTURE: SUPHA Sema Nurcan ATCI
TRADITION AND ITS SOCIAL FUNCTIONS v
3 The Sacredness Of Nature In Tunceli: Munzur Valley National Park | Yeliz ONAY
— 4 ISLAHCT HAKLARI: TURKIYE'DE FIKRI MULKIYETIN GOZ Eﬁg}c{’f‘éﬁrﬁg}{e“ ker
ﬁ ARDI EDILEN ALANI
— =)
zZ =
) s
;(' g TURKIYE’DEKI KIRSAL ALANDAKI GECIT HAKKI Dr. Osretim Cvesi ilker
P = 5 UYUSMAZLIKLARI: SOSYOLOJIK BIR DEGERLENDIRME KAR/%(%NDEE}{IGS ¢
: @ VE YAPISAL COZUM ONERILERI
_ ©
< S
T <
o Bayram KAYA
o . . O ST Mustafa KARAKAYA
6 Futbol Taraftarlarinin Siddetin Kaynagina Iliskin Goriisleri Elif AYDIN

Universite Ogrencilerinde Rekreasyonel Saglik ve Nomofobi: Bir Mustafa KARAKAYA

! Psikososyal Inceleme Bayram KAYA

8 OTORITENIN PSIKANALITiK TEMELLERI, SEKULERLESME %ﬁBE]élanggﬁLGiv AN
SURECI VE DONUSEN BABA TEMSILI SARI

9 ALBERT CAMUS VE VIKTOR FRANKL’DA OZGURLUK Kerim Mahir ALBAYRAK
KAVRAMI Dr. Ebru PEHLIVAN SARI
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Salon Moderator Bildiri No ve Baslig1 / Paper ID and Title Authors
The Social and Spiritual Functions of the Naming Ritual in Tunceli . ;
! Alevi Belief and Culture Dilan SAHIN
2 A Purification Ritual In Tunceli Alevi Belief: Morning Prayer Sevcan OLMEZ
3 Women’s Coffeehouse/Local In Burmagecit, Tunceli Tansu Ozkan Aydin
<
o~ >
% § 4 Hizir Fasting In Tunceli: The Crossroad Of Faith And Culture Tansu Ozkan Aydin
- <
-
% 3
~ .
3 |8
< / 5 At The Heart Of Tunceli: A Center Of Faith - Gola Ceto And The Cennet CAVANA
T o Mystery Of Hizir
Q
6 ELAZIG YORESEL HALK OYUNLARI DILAN BULUT
Ali Umar
7 Dissosiyatif Bozukluklar: Cocukluk Cag: Travmalarmin Etyolojisi Giilsilan Belet
ve Norobiyolojik Rolii Bir Inceleme Caligmasi Ogr. Gor. Gizem Giilden
COCUK YOKSULLUGU: HAK TEMELINDE COK BOYUTLU o o .
8 BIiR DEGERLENDIRME Ogr. Gor. Sefa KAYA
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Salon Moderator Bildiri No ve Baslig1 / Paper ID and Title Authors
EGITIMDE VE AILEDE SIDDET OLGUSU: MESLEK LIiSELERI | Dog.Dr., ESRA
UZERINDE BiR INCELEME KARABAG KOSE
. o = . A s Dog¢.Dr., ESRA
LIDER OGRENCILER ICIN LIDER OGRETMEN OLMAK KARABAG KOSE
ILKOKUL VE ORTAOKUL BiR ARADA OKULLARDA OKUL | Okul Miidiirii, BAHAR
- MUDURLERININ KARSILASTIGI SORUNLAR KIZILKAYA
wn
©
e
™ ’%
% =) SANAT EGITIMI VE ETKINLIK TEMELLI DERS TASARIMI Ali Sait CELIK
o |2
5 |2
(92]
~
:,' é MESLEK LISELERINDE NEET, OKULDAN ERKEN AYRILMA | Dr. Ogr. Uyesi, CUMHUR
< fé VE BECERI UYUMSUZLUGUNA YONELIK OGRETMEN DEMIRALP
I T GORUSLERININ DEGERLENDIRILMES]
1
=
-3
_ ORTAOKUL OGRENCILERININ MATEMATIK OZ YETERLIK X%kssgl;ﬁ;agslg%renm’
ALGILARI ILE ELESTIREL DUSUNME EGILIMLERIT Prof. Dr.. KURSAT
ARASINDAKI ILISKININ INCELENMESI YENILMEZ
Dr. Ogr. Uyesi Giilsiim
PEER BULLYING IN EARLY CHILDHOOD: CAUSES, HOS
CONSEQUENCES, AND PREVENTION STRATEGIES Ars. Gor. Meryem Cemile
OK
THE EFFECT OF SPORTS AND MOVEMENT ON Ars. Gor. Meryem Cemile
CHILDREN’S PHYSICAL AND PSYCHOLOGICAL OK
DEVELOPMENT Dr. Ogr. Uyesi Giilsiim
HOS
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Salon Moderator

Bildiri No ve Baslig1 / Paper ID and Title

Authors

HALL / SALON 4
Assoc. Prof. Dr. John Patrick Alvarado

DEVELOPMENT AND ACCEPTANCE OF A MODULE FOR
IMPROVING READING AND WRITING SKILLS IN
BAYBAYIN: A TRADITIONAL PHILIPPINE WRITING
SYSTEM

Maria Venus Solares,
Assoc. Prof. Dr. John
Patrick Alvarado

ACTIVE LEARNING STRATEGIES IN INFORMATION
SYSTEMS MANAGEMENT: STUDENT PERCEPTIONS AND
OUTCOMES

Francisco Castro Lopes,
Sofia Fernandes

THE IMPACT OF EMOTIONS ON STUDENTS' LEARNING
AND ACADEMIC PERFORMANCE

Shakirat Abimbola Adesola,
Shuaib Akintunde Asifat

STREET ART AS A TOOL FOR PROMOTING REFLECTIVE
THINKING IN EDUCATION: EXAMPLES OF CREATIVE
EDUCATIONAL APPROACHES

Georgia H. Mega,
Kleomenis Kostopoulos,
Rustam Obic

INTERDISCIPLINARITY IN PEDAGOGICAL PRACTICES:
CHALLENGES AND SOLUTIONS IN THE CLASSROOM

C. Oliveira, M. Silva, L.
Ferreira, R. Pinto

PROMOTING CREATIVE AND CRITICAL THINKING IN
MATHEMATICS THROUGH ORIGAMI

Shirinbekova Nigina,
Alimova Shamsiya

BLOCKCHAIN-BASED ASSIGNMENT MANAGEMENT
SYSTEM

Sai Asritha,
Kalyan Srinivas,
Somnath Chakravarthi
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Salon Moderator Bildiri No ve Basligi / Paper ID and Title Authors
MOTIVATION TYPES FOR LEARNING ENGLISH: A STUDY ﬁﬁa’r‘]g?';t’ﬁ;f:t%'\'/g"*
AT A RURAL UNIVERSITY IN QUINTANA ROO, MEXICO ynar ~ :
Dr. Kamila Kassenova,
THE IMPACT OF POOR TEACHER-STUDENT Yenni Anggrayni, Dian
RELATIONSHIPS ON CHRONIC ABSENTEEISM IN Suryani, Rudi Hadi, Dr.
SECONDARY SCHOOLS IN WEST JAVA, INDONESIA Iwan Setiawan
APPLICATION OF EXTREME-BASED TEACHING MODEL IN f\;’gﬂztg‘gﬂnss';”r:th'
POST-SECONDARY ONLINE CLASSROOM SETTING: A Dr oo o
FIELD EXPERIMENT : ariguez,
Lec. Anna Williams
Sheel Chakraborty,
IMPACT OF NON-PARENTAL EARLY CHILDHOOD Assis. Prof. Dr. Rajeev
. EDUCATION ON DIGITAL FRIENDSHIP TENDENCY Verma,
o qE Aarti Kumar,
pd )
@) = hi dousi
?(I S STUDYING THE EFFICIENCY OF DIGITAL TECHNOLOGY IN thZriﬁnngeéaﬁuséahman
5 & ENHANCING ASSESSMENT METHODS IN HIGHER ! 19
hg 2 EDUCATION Dr. Tariq Hossain Khan
_ - Shamsul Alam Choudhury
O s
< Q
I =
a
IMPACT OF STUDENTS' PERCEPTION OF SUCCESS i“he”}f E;"% Mikaul
POSSIBILITY ON PERFORMANCE IN SUMMATIVE EXAMS Tglil‘a‘;v rot. Dr. Mikay
DIGITAL CONTENT STRATEGY: COMPREHENSIVE gﬁii‘gg Fj:szsl?eaqlia S:ikger'
EXAMINATION OF CRITICAL CONTENT ELEMENTS 1 VES » or.
Olufemi Isiaq
THE ROLE OF QUALITY CULTURE IN THE SUCCESSFUL Lec. Leonardo Mion, Sarah
IMPLEMENTATION OF QUALITY ASSURANCE SYSTEMS IN | Johnson, Dr. Maria Garcia,
HIGHER EDUCATION Ahmed Al-Rashid
SMART LEARNING ENVIRONMENT FOR MUSIC Konstantinos Sofianos,
EDUCATION Michael Stefanidakis
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Emily Harrison, Dr.
THE IMPACT OF SLEEP ON SELECTIVE ATTENTION IN Michael Collins, Sophia
ADOLESCENTS Adams,
Prof. Dr. Daniel Wilson
THE ADOLSCENT VAPING CRISIS IN URBAN INDIA Arushi S. Goyal, Jo
Aggarwal,Dr. Ravi Jasuja
MODELING GENERALIZATION IN THE ACQUIRED Q?ﬁﬁ' E;"fl'a ?{i_ﬁﬂhawggoﬁ"
EQUIVALENCE PARADIGM WITH THE SUCCESSOR Dr Fa}]ad)fAI-Said Nourahy
REPRESENTATION ’ !
Al-Harthy
c
3
© = HARNESSING THE POWER OF LOSS: THE Dr. Alexandru Popescu,
% ; DISCRIMINATORY DYNAMICS OF NON-EMANCIPATORY Maria lonescu, Ms .Andrei
b > ORGANIZATIONAL IDENTITY Vasilescu, Elena Radu
< =
n [
g o
:|| — SUCCESS FACTORS IN PLAY-BASED INTERVENTION Assis. Prof. Dr. Shuaa A.
< D PROGRAMS FOR CHILDREN WITH DIVERSE ABILITIES: A Mutawally, Budor H. Saigh,
I S COMPARATIVE STUDY Dr. Ebtehal A. Mutawally
j—
o
THE SOCIAL DYNAMICS OF PANDEMICS: A CLINICAL 525“4122 TE;‘rNé’:g’i'\‘aJ hi
SOCIOLOGICAL ANALYSIS OF PRECAUTIONS AND RISKS P
Pham, Duc Hoang Le
TEACHING STRATEGIES AND BIAS TOWARD IMMIGRANT M. Pellerone, S. G. Razza,
AND DISABLED STUDENTS L. Miano,
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Salon Moderator Bildiri No ve Basligi / Paper ID and Title Authors
STUDENTS' PERCEPTIONS OF SEEKING PSYCHOLOGICAL | D' Petra Gudelj,
ASSISTANCE Eva Frani¢,

Dr. Martina Kolega

CHILD ABUSE: EMOTIONAL, PHYSICAL, NEGLECT, .
SEXUAL AND THE PSYCHOLOGICAL EFFECTS: A CASE %‘gggeo'v/k AOT;;‘;HeDr'
SCENARIO IN LAGOS STATE, NIGERIA Yo A '
THE QUALITY OF PRIMARY CAREGIVING RELATIONSHIPS
BETWEEN ADOLESCENTS ORPHANED BY AIDS AND Assis. Prof. Dr. Mmapula
THEIR GRANDMOTHERS: INSIGHTS FROM STAKEHOLDER | Petunia Tsweleng
NARRATIVES

~ = SOCIO-DEMOGRAPHIC FACTORS AND POST-TRAUMATIC . -

% 3z STRESS DISORDER AMONG ADOLESCENTS EXPOSED TO fsﬁgggge“:'oucr"r" Dr.

Q S DOMESTIC VIOLENCE IN KENYA J

< (O]

N o

3 > Naoko Fujisaka

- a SOCIETAL INSIGHT INTO EMOTIONAL ABUSE: A o Tetsu‘ R ka

< o RETROSPECTIVE STUDY IN A JAPANESE PRIMARY - Tetsuy; '

T o) SCHOOL Haruto Yamamoto,

Dr. Akiko Sato

EXPLORING THE ROLE OF EROTIC TRANSFERENCE IN
THE DURATION OF PSYCHOANALYTIC TREATMENT: A
CASE STUDY

M. Javid, R. Hassan, J.
DeSilva

ENVIRONMENTAL PERCEPTIONS OF DEPRIVED CHILDREN
LIVING IN URBAN SLUMS: A STUDY IN PUNE, INDIA

Hrishikesh Purandare,
Ashwini Pethe

ADDRESSING GLOBAL TRAUMA: SOMATIC
INTERVENTIONS IN PTSD TREATMENT AND CLINICIAN
BURNOUT PREVENTION

Dr. Elena Markov, Prof. Dr.
Ivan Petrov,
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Salon Moderator Bildiri No ve Baslig1 / Paper ID and Title Authors
A THEORETICAL FRAMEWORK FOR CUSTOMER
KNOWLEDGE MANAGEMENT IN EUROPEAN E- Lars Johansson, Caroline
COMMERCE Lindgren, Henrik Olsson
DEVELOPING A COMPREHENSIVE E-MARKET Carlos Gomez
FRAMEWORK USING INTELLIGENT AGENTS !
Laura Perez
A NOVEL METHOD FOR SELECTING COMPLEX GOODS IN Sofia Martins, Ricardo
ONLINE MARKETS L
Costa, Marta Oliveira
© - ANALYZING MIS DEGENERATION UNDER DYNAMIC . . .
z N N CONDITIONS: A MATHEMATICAL APPROACH Fatima Al-Mahdawi, Karim
O g o Al-Mansouri
< oo
(92] > ©
~ o 55
- el
| b= LEARNING MANAGEMENT LESSONS FROM CONTROL . . )
< S - SYSTEMS: A THEORETICAL APPROACH JSZ'IT:T']Z'da”' Rania Al
I

EXPLOITING SIP FOR ENHANCED MOBILITY IN MEDICAL
COMMUNICATION SYSTEMS

Mansur Zayed, Fakhruddin
Rashid, Jamil Al-Zahrani

COGNITIVE REPRESENTATION OF VALUES IN
ORGANIZATIONAL DECISION-MAKING

Kari Heikkinen, Dr. Markus
Virtanen, Dr. Liisa Aalto

EXPLORING THE USE OF SERIOUS GAMES IN SUPPORTING
AUTISTIC CHILDREN'S DEVELOPMENT

Afigah Rani, Nor Azura
Zainuddin, Farhan Salleh
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METHODOLOGICAL AND CONTEXTUAL COMPARISON OF | Ms.C Student,

1 TWO WORKS DESCRIBING THE CONQUEST OF ISTANBUL | ABDULKADIR ASLAN
Research Assistant PhD
2 THE HUMAN ELEMENT IN THE BUYIDS ARMY Sevgi Kiibra BILGIN
1940-1945 YILLARI IKINCI DUNYA SAVASI DONEMI Meryem ERTAS
3 TURKIYENIN YASADIGI EKONOMIK SORUNLAR VE BU erye

SORUNLARA KARSILIK POLITIKA ARAYISLARI Prof. Dr. Halis OZER

HALL /SALON 1
Doc. Dr. Hac1 CICEK

4 An Evaluation on the Characteristic Features of the City Whose

People are Cruel (Surah Nisa 4/75. Verse Example) Dog. Dr. Hact CICEK

5 On the Prophets Praying with the Word ‘Our Lord’

(The Example of al-Nasafi’s al-Taysir fi’t-Tafsir) Dog. Dr. Haet CICEK
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1 OGRENCILERIN CEVRE FARKINDALIK DUZEYLERININ Biisra ESEN
BELIRLENMEST Prof. Dr., Sevda BIRDIR

Ali Enes ADAK

2 ANKARA ERKEC PASTRAMI Dog. Dr. Yilmaz SECIM

9

Doktora Ogrencisi, Gamze DAGDEVIREN

KEVSER KAPLAN

3 AN OVERVIEW OF CATALHOYUK CULINARY CULTURE Dog. Dr. Yilmaz SECIM

HALL / SALON 2

Lisans Ogrencisi, Sevval
4 NEW TRENDS MICROGREENS AND MICRO SPROUTS KUCUK
Dog.D.,irfan YURT

ARTIRILMIS GERCEKLIK ILE ENTEGRE EDILMIS Doktora Ogrencisi, Gamze
5 SPORLAR: HADO ORNEGI VE GELECEGE YONELIK DAGDEVIREN
PERSPEKTIFLER Dog. Dr., Cumaali YAVUZ
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SANAT BAHCELERI KONUSUNDAKI AKADEMIK Z;ﬁ:ﬁﬁr%fgn;l? grencist,
CALISMALARIN BIBLIYOMETRIK BiR ANALIZi Prot Dr. Murat DAL
-
]
3 SCAMPER METODU KONUSUNDAKI AKADEMIK X;ls‘:fl];}};“y“szl? grencist,
= CALISMALARIN BIBLIYOMETRIK BiR ANALIZi Prot Dr. Marat DAL
=
© &
pd
O ! o
z:l K2 R Dog. Dr. Ogretim Uyesi,
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s
p—
o Zhannat Karaulova, Assis.
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DEVELOPING OPTICAL SENSORS FOR CANCER
DETECTION USING ELASTIC LIGHT SCATTERING
SPECTROSCOPY

Ahmad Ali Khan,
Sara Mehmood,
Dr. Omar Zubair

ELECTRODERMAL ACTIVITY MEASUREMENT USING
CONSTANT CURRENT AC SOURCE

Cristian Chacha, Dr. David
Asiain, Jests Ponce de
Leén, Prof. Dr. José Ramén
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Yang Zhang,
Jian He
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Nkem Victor Enwuru, Bola
Nkeki, Emmanuel Adebayo
Adekoya, Olumide Adebisi
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<
I =
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TASKIN
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— ] e 8 :
> & 3 SINIRDA YASAMAK: ACIL TIP HEKIMLERINDE %‘ng}z Uyesi Ramazan
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< g
213
~
- O AILE SAGLIGI MERKEZI CALISANLARININ SAGLIKTA Nedim ERSOY
% i 4 SIDDETE MARUZ KALMA DURUMLARI VE ILETISIM Niliifer YILDIRIM
a BECERILERININ BELIRLENMESI
UNIVERSITE CALISANLARINDA KARDIYOVASKULER )
5 HASTALIK RiSK FAKTORLERI BILGI DUZEYININ Salmfze ’XEBIEE\?LCIN
BELIRLENMESI Hiuter
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L Herzogiella seligeri (Brid.) Z.Iwats’m TAKSONUNUN PDr(‘:Qf' g;' {\fe"lfzh‘é :ﬁﬁzTAS
GLUTATYON ICERIKLERI SAHILLE
Brachythecium rutabulum ve Barbilophozia barbata (Bryophyta) Prof. Dr. Mevliit ALATAS
2 TURLERININ GLUTATYON ICERIKLERININ Dog. Dr. Yeliz CAKIR
§ KARSILASTIRILMASI SAHILLI
2
&
~ 2 JUJUBA FRUIT EXTRACT MODULATES IMMUNE GIZEMAY EREN
> @ 3 RESPONSE IN GALLERIA MELLONELLA BY UPREGULATING | TULAY TURGUT GENC
@) E GALIOMYCIN EXPRESSION
|
S <
%
~ z
- z SILYBUM MARIANUM MEYVESININ AVRUPA Dog. Dr. Fatma AYAZ
< = 4 FARMAKOPESI’NE UYGUNLUGUNUN Damt Qasim Hasan
I 2 DEGERLENDIRILMESI HAMZAWI
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5
o) AN EVALUATION OF RAINBOW TROUT (Oncorhynchus Umut Barig NIZAM
K 5 mykiss) AQUACULTURE FACILITIES IN ANTALYA IN Dog. Dr. Bilge KARAHAN
=] TERMS OF ENVIRONMENTAL AND MARKETING KEMERLIOGLU
CONDITIONS
Dr. Ogr. Uyesi Isil SARAC
SIVRIKAYA
ANTIFUNGAL ACTIVITY OF Heracleum platytaenium Boiss. Dog. Dr. Abdullah
6 ESSENTIAL OIL AGAINST Pestalotiopsis theae GULLER
Dr. Ogr. Uyesi Bekir
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Hyperparameter Optimization for Machine Learning-Based loT

1 Failure Prediction: A Comparative Analysis of Grid Search and Assistant Professor Dr.

Random Search Techniques OZLEM BATUR DINLER
KESIRLI MERTEBEDEN BLACK-SCHOLES DENKLEMININ Ayse OZCIFTCI

2 CONFORMABLE LAPLACE AYRISIM METODU ILE Pr?fe Dr. Ozan OZKAN
COZUMU UZERINE - Pr B

Dr., Nurdan YENIAY

™ HYBRID SIRALI KUME ORNEKLEMESI ALTINDA KOCER

% 3 NADARAJAH-HAGHIGHI DAGILIMININ Dr. Or. Uyesi, Hasan

2:' PARAMETRELERININ TAHMIN{ HUSEYIN GUL

w

~

_I s

- POWER RAYLEIGH DAGILIMININ PARAMETRELERININ Egcl\é‘gdan YENIAY

< 4 MAKSIMUM SIRALI KUME ORNEKLEMESINE DAYALI A

I TAHMINi Dr. Ogr. Uyesi, Hasan
HUSEYIN GUL

UTILIZING THE DETECTION OF PROMPT INJECTION Dog.Dr. Canan BATUR
5 ATTACKS IN A LARGE LANGUAGE MODEL SAHIN

Assistant Professor Dr. OZLEM BATUR DINLER

Dr, KASHIF ALi ABRO

KESIRLI TUREVLER YARDIMI ILE Dr. AHMET YILDIRIM
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Prof. Dr. Aydin BUYUKSARAC
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KARAKTERIZASYONU

REMZI ATIK
PROF. DR. MUSTAFA
CINAR

GARBAGE CLASSIFICATION USING A VIT-BASED DEEP
LEARNING MODEL

Dr, Yusuf CELIK

BETON VE DONATI KOSULLARININ TASIMA GUCU ETKISI
UZERINE BiR CALISMA

Dog. Dr. Fatih AVCIL
Prof. Dr. Ercan ISIK
Prof. Dr. Aydin
BUYUKSARAC

YERRADARI (GPR) YONTEMI ILE ZEMINLERDE RiSK
BELIRLENMESI: CANAKKALE ORNEGI

Prof. Dr. Aydin
BUYUKSARAC
Dog. Dr. Fatih AVCIL
Prof. Dr. Ercan ISIK

AN OBSERVATIONAL STUDY ON THE MAINTENANCE
STATUS OF TRAFFIC SIGNS IN RURAL AREA
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SUSTAINABLE MANUFACTURING OF SOLENOID VALVE Hisham Cabemaiwai,
1 HOUSING IN FIJI: FUSED DEPOSITION MODELING AND Assis. Prof. Dr. Prasad
EMERGY ANALYSIS Dauvakatini,
OPTIMIZATION OF CONSTRUCTION PRACTICES: .
2 IMPLEMENTATION OF MODERN WORK MODULES TO Egg;?ﬁﬁ"mrﬂfgg Helmus
INCREASE ATTRACTIVENESS FOR EMPLOYEES '
3 USE OF SEISMIC ISOLATION SYSTEMS IN HIGH-RISE Emre Bakkaloglu, Dr. Nisa
HOSPITAL BUILDINGS: A HYBRID APPROACH Torunbalcl
=
D
>
S EEFE Anuoluwapo S. Taiwo,
o CT OF AGRICULTURAL WASTE AS AFILLER INFIBRE | [J. o' Ayre
I 4 CEMENT BOARD REINFORCED WITH NATURAL Mortezs Khorami
© CELLULOSIC FIBRES '
< Sameer S. Rahatekar
o (@)
Z e
@) = IN-PLANE SHEAR TESTS OF PREFABRICATED MASONRY Erdem Fehlin
?EI g 5 PANEL SYSTEM WITH TWO-COMPONENT Dr. Peter Ca g\'Ne"
) — POLYURETHANE ADHESIVE : P
~ @©
— g
- ]
e L
T o 6 IDENTIFICATION OF IMPACT LOADS AND SYSTEM Xuewen Yu,
e PARAMETERS USING 1D-CNN Danhui Dan
kS
S
[a
g CONSIDERING THE EFFECT OF SEMI-RIGID CONNECTIONS | Assoc. Prof. Dr. Farzad
2 7 IN STEEL FRAME STRUCTURES FOR PROGRESSIVE Karimi Ghaleh Jough,
< COLLAPSE Dr. Mohammad Soori
DECISION SUPPORT STRATEGIES FOR MODULARIZATION | Bat-Erdene Nyamsuren,
8 IN ENGINEERING CONSTRUCTION: CASE STUDIES IN OIL, | Tungalag Batbold,
GAS, AND POWER PLANTS Chuluunbaatar Enkhbaatar
o NUTRIENT CONTENT AND LABELING STATUS OF PRE- g”ﬁf;gm;'i”ﬂﬁzmi'\é"“f
PACKAGED BEVERAGES IN SAUDI ARABIA ! A '
Algahtani
10 FLOATING OFFSHORE WIND: A REVIEW OF Alex P. Crowle, Michael J.
INSTALLATION VESSEL REQUIREMENTS Stewart, William T. Carter
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ANALYSIS OF NOODLE PRODUCTION PROCESS AT YAN Rhadinia Tavag-Relanes
HU FOOD MANUFACTURING: BASIS FOR PRODUCTION Eolina YO{”? '
IMPROVEMENT - Young
BIOACTIVITY OF PEPTIDES FROM TWO MUSHROOM Assis. Prof. Dr. Parisa
SPECIES Farzaneh, Dr. Azade Harati
(e}
pa
9
< THE IMPACT OF NUTRITION EDUCATION ON THE
% ADHERENCE TO THE MEDITERRANEAN DIET AND gzz:‘é':}?#sapé’?“gv%ﬁf'
3 SUSTAINABLE EATING HABITS AMONG UNIVERSITY Dt Ahrrad fairt g’i o
| STUDENTS ' ! ’
<
T
ANTIMICROBIAL ACTIVITY OF A GREEN SYNTHESIZED ﬁfg’l’llhBaﬁ’aéerlféeefza
DRUG SUPPLEMENT: NUTRITION BIO-SHIELD SUPERFOOD |t it =
PRODUCTION AND CHARACTERIZATION OF LACTOSE- Shahram Naghizadeh
FREE YOGURT USING MEMBRANE TECHNOLOGY AND A Agl hooeh
MODIFIED MILK PROTEIN CONCENTRATE ' 9
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g INTELLIGENCE IN ENHANCING DATA EXCHANGE WITHIN Qinghao Zeng !
'S CONSTRUCTION SUPPLY CHAIN MANAGEMENT 9 9.
N~
z |z
= g John Carlos Kuri
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- o STABILITY AND COMPARISON TO STANDARD ELISA L T
. Vijay,
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?(I o Dr. Raymond James Turner,
T o
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% Azadeh Vaziri, Reza
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OZET

Talasli imalat operasyonlarinda ve kesme isleminde sicaklik ve takim asinmasi arastirma
konulart olan bagliklar arasinda en ¢ok yer alan konulardandir. Arastirmalarda ve
uygulamalarda farkli sekillerde sogutma islemleri uygulanmaktadir. Talas alma isleminde en
yiiksek sicakliklar takim talas ara yiizeyinde olusmaktadir. Sicaklikla birlikte kimyasal
etkilesimler meydana gelmekte ve takim iizerinde farkli siirtiinme kaynakli asinmalar
olusmaktadir. Sonucta da takim korelerek 6mriinii tamamlamaktadir. Bu nedenle takim talas
ara ylizeyindeki bir iyilestirme direkt olarak takim omriine etki ederek kesme performansini
arttiracaktir. Bu ¢aligmadaki amag sicakligin en fazla oldugu takim talas ara yiizeyine sogutma
islemi uygulayarak siirtiinmeyi azaltmak ve buna bagli olarak sicaklik artisini engellemeye
yonelik bir uygulama yapmaktir. Boylece bu sogutma yonteminin, takim omriinde ve talas
morfolojisindeki etkilerini incelemektir. Bu amaca yonelik HSS bir takim iizerindeki talas acist
ylizeyinde 1 mm ¢apinda delik delinerek, bu delikten 25 bar basingla sogutma suyu jetting
sogutma yontemiyle talas takim ara ylizeyine uygulanmistir. Klasik jetting sogutma yontemi ile
caligmadaki sogutma yonteminin takim omrii bakimindan etkileri karsilastirmali olarak
incelenmistir. Calismada DNMG 150604 formunda HSS malzeme kesici takim kullanilmistir.
Jetting sogutma yontemi i¢in ayri bir basinghi sogutma tinitesi ve sistemi kurulmustur. Farkl
deney parametreleri ile her iki yontemdeki bulgular degerlendirilmistir. Sonug olarak ¢alismada

uygulanan sogutma yonteminin takim émrii agisindan olumlu sonuglar tirettigi tespit edilmistir.
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Anahtar Kelimeler: Triboloji, Jetting sogutma, Takim asinmasi
1. GIRIS

Talasli imalat yonteminde minimum maliyetle ve istenilen kalitede bir parca elde etmek 6nemli
bir husustur. Uretim asamalar1 arasindaki endiistride yaygimn olarak kullanilan tornalama
yontemi, imalat siire¢lerinden en 6nemlileri arasindadir. Tiim {iretilen parcalarin kalitesini
etkileyen parametrelerden biri, tornalama yontemi ile meydana gelen son pargalarin kalitesidir.
Bu sebeple, her bakimdan parcalarin iiriin kalitesini yiikseltmek zorunluktur. Islenebilirligi zor
olan parcgalarin talag kaldirma yontemi ile islenmesi, minimum igleme zamaninda ve en az
isleme basamagi uygulanarak imal edilmesi, kaliteli ve verimli bir par¢a ve bununla birlikte
par¢a ylizeyinin elde edilmesi Onemlidir [1]. Modern imalat yontemlerindeki ilerleme
nedeniyle, daha hizli ve daha kaliteli {irtinler iireten sistemler kullanilmaktadir. CNC tezgahlari,
yiiksek kesme hizlarinda ve ilerleme degerlerinde iiretim ve isleme kapasitelerine sahiptirler.
Takim imalat¢ilar1 ve bilimsel Ar-ge calismast yapan kisiler, malzemelerin verimli bir sekilde
islenebilmesi i¢in imalat sonuglarinin dogru sekilde tahmini i¢in takim geometrisi ve
malzemelerinin gelistirilmesine odaklanmaktadir [2].

Talag kaldirma yonteminde kesici takimin dogru secilmesi iiretim verimliligi ve maliyetleri
acisindan dnemlidir. Dogru kesici takim se¢ilmis olmasi durumunda dahi, kesme islemleri i¢in
kesme parametrelerinin de dogru belirlenmesi verimliligin saglanmasi anlaminda 6nemlidir [3].

Talasli imalat yontemi ile islemede uygulanan sogutma yontemleri arastirildiginda, jetting
yontemi olarak isimlendirilen yiiksek basingta sogutma suyu piiskiirtme yontemi ve minimum
miktarda yaglama (MQL-Minimum Quantitiy Lubrication) yOntemi olarak isimlendirilen
aralikli ve piilverize sekilde sogutma suyu veya kesme yaglari piiskiirtme yontemleri ¢oklukla
uygulanmaktadir. Kesme sirasinda talas takim ara yiiziinde ve takim {izerinde sicakligin en
yiksek oldugu bolge, takim talas ara yiizii olarak adlandirilan ikinci kesme bolgesinde
olugmaktadir. Sirtiinmenin en yogun olmasi nedeniyle bu bdlgedeki yiiksek sicakliktan
kaynaklanan takim aginmalari1 cogunlukla olusmaktadir. Olusan sicaklik takimin bu bolgesinde,
1000-1200 °C’lere kadar gikabilmektedir. Bu nedenle ikinci kesme bélgesinin dogru ve etkin
bir sekilde sogutulmasi, takim 6mrii, elde edilen talagin morfolojisi ve tribolojik anlamda en
anlamli miidahale anlamina gelecektir. Diger sogutma yontemlerinde, ikinci kesme bolgesine,
sogutma elemaninin (sivi/hava/gaz) direkt olarak ulagsmadigi, bu bdlgenin adeta etrafindan
dolanarak sogutma isleminin yapildig: goriilmektedir. Bu nedenle siirtiinmenin ve sicakligin en
yliksek oldugu ikinci kesme bolgesine direkt olarak uygulanabilecek sogutma yontemlerinin
gelistirilmesi bilyiik 6nem arz etmektedir.

Geleneksel sogutma yontemlerine ilave olarak sonralar1 gelistirilen MQL yontemi oldukca
yaygin olarak kullanilmaya baslanmistir. Bu yontemde hem esas kesme bdlgesine direkt
piiskiirtme, hem de daha az sogutma sivisinin kullanimi avantajlart elde edilmis ve hemen
hemen tiim malzeme cinslerinin islenmesinde aktif olarak kullanilmis ve sonuglari
arastirllmistir. Sreejith (2008) tarafindan AA6061 aliiminyum malzeme islenmesinde [4],
Kishawy ve arkadaglar1 (2005), A356 aliiminyum kaynaginin islenmesinde [5], Braga ve
arkadaslar1 (2002), aliiminyum-silisyum alagimlarinin islenmesinde [6], MMY yontemi ile
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farkli sogutma yontemlerini karsilastirmislardir. Tiim c¢alismalarda MMY yonteminin diger
sogutma yontemlerine gére sonug parametreleri tizerinde (takim asinmasi, ylizey piirtizliliigi,
kesme giicii vb) daha iyi sonuglar verdigi gozlemlenmistir. Ayni amagla ¢elik malzemelerin de
islenmesinde sogutma yontemleri birbirleriyle kiyaslanmistir [7-11]

Diger sogutma yontemleri arasinda, son yillarda gelistirilen kesici takim veya takim tutucu
icinden agilan kanal veya delikler yoluyla, piiskiirtmeli sekilde yapilan sogutma yontemleri 6n
plana ¢ikmistir. Takim i¢i sogutma yontemi olarak ta anilmaktadir. Bu sistemlerin takim talas
ara yliziindeki sicakligi diisiirdiigii ve takim omriinii arttirdig: tespit edilmistir [12, 13, 14],
titanyum alasiminin takim i¢i sogutma yontemi ile islenmesinde sicakligin %67 oraninda
diistiigiinii tespit etmiglerdir. Ayni sekilde ylizey piirtizliiliigiiniin de bu yontemde azaldig1 tespit
edilmigtir. Oliveira ve arkadaglar1 [15], takim i¢i sogutma ile ilgili kesici iizerinde talas takim
ara yiiziine delik agmis ve siiper martenzitik paslanmaz c¢eligi islemislerdir. Hava, sivi, hava
jeti, s1v1 jeti gibi farkli sogutma cinsi kullanilan deneylerde takim i¢i sogutmanin etkili oldugu
goriilmiistiir. Bu calismada ayrica talas morfolojisi de incelenmis, tirtikli talag olusumu da
ayrica arastirllmistir. Aym sekilde Sirin de yaptig1 [11] benzer calismada yeni sogutma
tekniklerinden ii¢ farkli teknigi kullanarak (hBN, CO2 ve hBN+CO2) 1.4534 paslanmaz
celigini tornalamiglardir. %0,6 hacimce orana sahip nanopartikiil katkili saf sogutma yagi
karigimi, diger sogutma yontemleri ile karsilastirilmistir. MQL yontemi kullanilmistir.

Ikinci kesme bolgesine direkt olarak uygulanabilecek sogutma ydntemlerinin avantajina binaen
yapilan bu ¢alismada, takim talas yiizeyi lizerindeki ikinci kesme bolgesine, 1 mm ¢apinda bir
delik delinmistir. Elde edilen delik i¢inden yiiksek basingta sogutma suyu gecirilerek daha etkin
sogutma iglemi uygulanmis, siirtinme bu yolla diisliriilmiis ve siirtiinme kaynakli olusan
sicaklik daha etkin sekilde bertaraf edilmistir. Basin¢li sivinin elde edilmesi i¢in devir daim
ozelligi olan bir sistem olusturulmustur. Endiistride kullanilan jetting yontemi sogutma
ozelligine sahip bir kater ile saglanan sogutma yontemi ile bu calismadaki gelistirilen takim i¢i
sogutma yontemi, isleme uzunluklar1 bakimindan karsilagtirilmastir.

2. MATERYAL VE METOT

2.1. Kesicinin Hazirlanmasi, Takim Tutucular ve Deney Diizenegi

Deneylerin yapilmasinda M35 (ASTM A600) HSS malzemeden kesiciler kullanilmis olup bu
kesiciye ait kimyasal kompozisyon Cizelge 1’de verilmistir.

Cizelge 1. M35 HSS celigi kimyasal icerigi

ASTM 600 C Mn P S Si Cr Vv Mo w

0,82- | 0,15- 0,20- 3,80- 1,75- 4,75- 5,50-
M35 0,95 0,40 0,03 0,03 0,45 4,50 2,15 5,25 6,50
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Kesiciler CNMG 120408 formunda kesilmistir. Distan jetting yontemi ile sogutma yonteminde
kullanilacak HSS kesicilerin talas ylizeyinde 7 derecelik talas derinligi ve delik delme islemi
olmadan, i¢ten sogutma yonteminde kullanilacak HSS kesiciler i¢in ise 70 derecelik talas agis1
verilmis olup takim talas yiizeyinde 1 mm’lik delik delinmistir. CNMG 120408 formundan

farklh olarak ug radiisii kullanilacak kesicide verilmemistir. Ug ile ilgili teknik resim Gorsel
1’de goriilmektedir.

Deliksiz kesici (distan sogutma) Delikli kesici (igten sogutma)

Gorsel 1. Kullanilan CNMG 120408 formlu kesici dl¢ii ve sekilleri

HSS kesici uga talas acis1 agilmasi verilmesi islemi alet bileme tasi ile yapilirken, kesici talag
ylizeyine delik delinmesi islemi ise CNC isleme merkezi tezgdhinda yapilmistir (Gorsel 2).

Baglama kalibi

Baglama kalibi

Talas acis1 agilmasi

Hazirlanan deliksiz kesici ug (distan sogutma i¢in) Hazirlanan delikli kesici ug (igten sogutma igin)

Gorsel 2. Kesici imalati icin islemler ve elde edilen kesici uclar
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Tiim islemleri bitmis ve hazir hale getirilen CNMG formlu kesiciler jetting sogutma 6zelligine
uygun TCLNR 3232 P12-H koduna sahip AKKO marka kater iizerine monte edilmistir.
Sogutma yontemi olarak iki farkli yontem secilmistir. Birinci yontemde katerdeki kesici sikma
pabucu i¢inden (Gorsel 3, 2. ¢ikis deligi) ve kater yan kenarindaki ¢ikis deliginden (Gorsel 3,
1. ¢ikis deligi) jetting yontemi ile basingli sogutma sivisi kullanimi yontemidir. Bu yontem
calismamizda distan jetting sogutma yontemi olarak adlandirilmustir. Ikinci ydntemde ise
birinci yontemdeki basingli sogutmaya ilave olarak takim talas yilizeyinde acgilan bir delik ile
(Gorsel 3, 3. ¢ikis deligi) yine jetting yontemi ile sogutma seklidir. Bu yontem de ¢calismamizda
icten sogutma yontemi olarak adlandirilmigtir. Deliksiz (distan sogutma i¢in) kesici uglar i¢in
kater lizerinde herhangi bir iglem yapilmamasina karsin, i¢ten sogutma icin kullanilacak ve
takim talas ylizeyine 1 mm ¢apinda delik delinmis kesicilerdeki agilan delige, sogutma sivisinin
ulasabilmesi i¢in kesici altlik kismina ayr1 bir kanal agilarak kater i¢ginden sogutma suyu yolu
acilmistir (Gorsel 3).

2 ¢tkig deligi

3 gikag deligi
2.¢tkug deligi

Sadece C ve D yonlennde jetting ile C.D veE yonlerinde stvi jetting ile
50 D 5

tma yapilmakta sogutma yapilmakta

Katerici akis _
~ yolan

)

Basinch zk{é}gili’ a
hortumu ve

kater
baglantist

Distan Jetting ile sogutma sivi akig yollart Icten sogutma yonteminde siv1 akis yollar:

Gorsel 3. Sogutma yontemlerine ait kater iizerine ac¢ilan sivi akis yollar ve ¢ikis delikleri

Hem icten sogutma yonteminde hem de distan jetting yonteminde kesici ve kater lizerindeki
cikis deliklerine 25 bar basingta sogutma sivist pompalanmistir. Bunun i¢in bir pompa {initesi
kurulmus ve devirdaim sistemi ile sogutma suyu tekrar tekrar kullanilmigtir. Basingli s1v1 elde
etmek icin kurulan sistem Gorsel 4’te gosterilmektedir.
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orusu
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tezgahi

Basin¢ pompasi

D011l1§ hatti

Pompa basing gdstergesi Sogutma sivist ¢1kist

Gorsel 4. CNC Basinch akiskan birimi elemanlari, basin¢ degeri ve sivi ¢ikisi

Tiim deneylerdeki talagl imalat islemleri, SMARC marka CAK6166B X200 model CNC torna
tezgahinda yapilmistir. Deneylerde kesme yagi olarak Coldex marka TE 210 ES model sentetik
standart bor yag1 kullanilmistir. Bor yagin kimyasal 6zellikleri olarak, gortiniisii sar1 renkte, %
5’lik emiilsiyon ile siit beyazi rengine donmektedir, pH (% 5’°lik emiilsiyon miktarinda) degeri
8.00-8.50, yogunluk 1.00 gr/ml ve viskozitesi 14 cSt seklindedir. Su ile 1/20 oraninda
karistirilarak emilsiliyon hazirlanmis ve kullanilmastir.

2.1. Deneysel Tasarim ve Islem Parametreleri

Tiim deneylerde L9 ortagonal deney tasarimi referans alinarak kesme hizi ve ilerleme degeri
olacak sekilde 2 farkli islem parametresi ve bu parametrelere ait her bir parametre icin 3 seviye
belirlenmistir. Cizelge 2’de deneylerde uygulanacak islem parametreleri (faktorler) ve bu
faktorlere ait seviyeler verilmektedir. Her 9 deney distan jetting sogutma ve icten sogutma
yontemi uygulamasinda yapilmis, boylece toplamda 18 deney yapilmistir.

Cizelge 2. Deney tasarimi ve islem parametreleri

Parametre Seviye 1 Seviye 2 Seviye 3
Kesme Hiz1 (m/dak) 30 50 75
Ilerleme (mm/dev) 0,05 0,075 0,1
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Sogutma Y ontemi Distan jetting Icten sogutma
Paso sayisi 2
Isleme Ortami

Emiilsiyon olarak hazirlanmig bor yagi

Her bir sogutma yonteminde yapilan 9 deneyde kullanilan parametreler ve bu parametrelerin
deneylerdeki dagilimi Cizelge 3’te gosterilmektedir.

Cizelge 3. Deney parametreleri

Deney sira no Kesme Hiz1 (m/dak) Ilerleme (mm/dev)

1 30 0,05

2 30 0,075

3 30 0,1

4 50 0,05

5 50 0,075

6 50 0,1

7 75 0,05

8 75 0,075

9 75 0,1

Tiim tornalama islemlerinde deney numunesi AISI 1020 ¢eliginden secilmistir. AISI 1020
celigi diisiikk karbonlu bir ¢elik tiirii olup siinek olarak kabul edilebilecek sertlikte bir ¢elik
cinsidir. Bu malzemeye ait kimyasal ve fiziksel 6zellikler Cizelge 4’te verilmektedir.

Cizelge 4. AISI 1020 celigi kimyasal kompozisyonu ve fiziksel 6zellikleri

Kimyasal kompozisyon

Malzeme C% Si% Mn% P S Cr Mo Ni
0.22- 0.15- 0.50-
AlSI 1020 0.25 0.40 0.80 0.01 0.01 0.01 0.05 0.01
Fiziksel ozellkler
Cekme dayanmimi (Mpa) Akm?'\g gg‘ fm % Uzama Sertlik (HB)
380-420 165-205 15-25 100-120

Tornalamada kullanilan AISI 1020 ¢eliginden deney numuleri 40 mm c¢apinda ve 100 mm
boyunda secilmis, talas derinligi olarak sabit 3 mm olacak sekilde 85 mm boy ve 2 pasoda
tornalanmistir (Gorsel 5). Tornalamada kullanilan AISI 1020 ¢eliginden deney numuneleri 40

mm ¢apinda ve 100 mm boyunda secilmis, talas derinligi olarak sabit 3 mm olacak sekilde 85
mm boy ve 2 pasoda tornalanmistir (Gorsel 5).
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Gorsel 5. Tornalanacak is parcasi ve dlgiileri

3. BULGULAR VE TARTISMA
3.1. Distan Jetting Sogutma Yéntemi ile Yapilan Tornalama Islemleri

Bu tez ¢aligmasinda, segilen iki farkli sogutma yonteminden ilki olan distan jetting yontemi ile
yapilan tornalama islemlerinde elde edilen is pargalarinin tamam ile ilgili parga resimleri

Gorsel 6’da goriilmektedir. Parcalarin islenmesinde talas derinligi 3 mm ve 2 pasoda islenecek
sekilde CNC programi olusturulmustur.

Gorsel 6 incelendiginde 1, 3, 5 ve 6 no’lu deneylerde is par¢alarinin tamamen islendigi, 2, 4 ve
7 no’lu deneylerde birinci pasonun islendigi ancak ikinci pasonun tamamlanamadigi, 8 ve 9
no’lu deneylerde ise birinci pasonun tamamlanamadig1 goriilmektedir.

/
|

1 nolu deney

2 nolu deney

3 nolu deney

4 nolu deney 5 nolu dene

y - 6 nolu deney

7 nolu deney

8 nolu deney 9 nolu deney

Gorsel 6. Distan jetting yontemi ile yapilan deneylere ait elde edilen parca resimleri
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Benzer sekilde isleme parametrelerine bagli olarak kesicilerle ilgili takim deformasyona
ugrayana kadar veya tam isleme yapilabilmisse buna ait islenen isleme uzunluguna ait toplu
degerler Cizelge 5’te gosterilmistir.

Cizelge 5. Distan jetting sodutma yontemi ile elde edilen isleme uzunluklar:

~ ~ ~
X ‘= =< = =< =
‘SAE “AE NAE
S| 2 g S| 2| E = 2| g
5 = @ =l @
ol H = = ol ~ = = ol ~ = =
ZAE’%L ZAE’%‘J ZAE’%‘J
> 2| E = = 2 § = =~ 2| § =
q_)'_‘\.«= q_,_‘v: w_v:
c| Nl o = | Nl o = c| N| o =
u.>~Eg u.>~E§ m—Eg
ol = & ol = & ol = &
El 3| E El 2| E gl 3| E
g = 3 5 = 2 g = 2
~{ IR g | = M| =
o o v o | oo
1 Ql ~ ol < 7 QO
o| < ol < ol <
[Te) 7o) [Te)
o N o K| o© O <
2| M o 5| WY o 1 8| ™~ o
o o o
| N | ©
3 ol 8 6 ol 5 9

Cizelge 5°teki degerler incelendiginde tiim degerlere ait elde edilen isleme uzunluklari ile ilgili
grafiksel gosterim Gorsel 7°de gosterilmistir.
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Gorsel 7. Distan jetting sogutma yonteminde isleme uzunluklarinin parametrelere gore degisimi

Gorsel 7 incelendiginde kesme hizinin en yiiksek degeri olan 75 m/dak degerinde tam isleme
uzunlugu olan 170 mm degerine ulasilamadig1 goriilmektedir. Bu nedenle HSS tipi kesici i¢in
75 mm/dak kesme hizi degerinin uygun olmadig1 anlagilmaktadir. 30 m/dak kesme hizinda
genellikle yatay bir egilimin oldugu goriilmekte, diisiik kesme hizi ile birlikte isleme
uzunluklarinin birbirine yakin oldugu gézlenmistir. 30 m/dak kesme hizinda ilerleme degerinin
etkisinin minimum oldugu goriilmektedir. Bu nedenle bu kesme hizinda isleme zamani
bakimindan en yliksek ilerlemelerde isleme yapilmalidir. 50 m/dak kesme hizindaki isleme
uzunluklar1 degerlendirildiginde ise ilerleme artis1 ile isleme uzunlugu arasinda lineer bir artis
yoniinde iliskinin oldugu goriilmektedir. Genel bir perspektif ile grafik degerlendirildiginde ise
hem takim 6mrii hem de isleme uzunluguna bagli olarak isleme zamani yoniinden en iyi
sonuglarin, kesme hizinin 50 m/dak ve ilerlemenin 0.1 mm/dev degerinde (6 no’lu deney) elde
edildigi gortilmektedir. 30 m/dak degeri ile 50 m/dak degerlerinde benzer sonuglar goriilmesine
karsin isleme zamani yoniinden degerlendirildiginde 50 m/dak kesme hizinda isleme yapmak
daha elverigli olarak goriilmektedir. Cizelge 5’teki kesici asinma durumlari incelendiginde ise
birinci ve yedinci birinci ve yedinci deneye kadar kesicilerde asmmalara bagli olarak
korelmelerin meydana geldigi, sekizinci ve dokuzuncu sekizinci ve dokuzuncu deneylerde ise
kesicinin deformasyona ugrayarak kesme 6zelligini tiimiiyle yitirdigi gériilmektedir.

3.2. Takim Talas Yiizeyine icten Jetting Sogutma Yontemi ile Tornalama Islemleri

Takim talas yiizeyine takim i¢inden agilan bir delik ile sogutma sivisi gondererek sogutma
isleminin gerceklestirilmesi olarak tanimlanabilecek igten sogutma yontemi ile yapilan
tornalama iglemlerinde, elde edilen is pargalarinin tamamu ile ilgili parca resimleri Gorsel 8‘de
goriilmektedir. Parcalarin islenmesinde distan jetting yontemi ile karsilastirma yapmak
amaciyla ayni parametreler kullanilmig ve talas derinligi olarak 3 mm seklinde 2 pasoda
islenecek sekilde CNC programi olusturulmustur.

10
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1 nolu deney | 2 nolu deney 3 nolu deney

4 nolu deney 5nolu dehey 6 nolu deney

it T Suns
7 nolu deney 8 nolu deney 9 nolu deney

Gorsel 8. icten sogutma yontemi ile yapilan deneylere ait elde edilen parca resimleri

Gorsel 8 incelendiginde 5 ve 9. deney harig tiim parcalarin iglendigi goriilmektedir. Burada 5.
deneyinde kesme parametrelerinden daha ¢ok parca i¢indeki bir siireksizlik veya sert tabakaya
denk gelinmesi veya rijitlik, takim tutucusundaki bir problem gibi bazi farkli nedenlerden
olustugu kanaatindeyiz. Daha yiiksek kesme degerleri olan 6, 7 ve 8. deneylerde herhangi bir
problem yasanmamasi boyle bir kanaatin olusmasi yoniinde fikir olugturmaktadir.

Icten sogutma yontemindeki isleme parametrelerine bagli olarak, kesicilerin degerlendirilmesi
noktasinda elde edilen isleme uzunluklarina ait toplu degerler ise Cizelge 6’da verilmektedir.

Cizelge 6. icten sogutma yontemi ile elde edilen isleme uzunluklar
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Cizelge 6’daki degerler incelendiginde tiim degerlere ait elde edilen isleme uzunluklar ile ilgili
grafiksel gosterim Gorsel 9°da gosterilmektedir.
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40
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0.05 0.075 0.1
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Gorsel 9. i¢ten sogutma yonteminde isleme uzunlarinin parametrelere gore degisimi

Cizelge 6 ve Gorsel 9 dikkate alindiginda, igten sogutma yonteminde 9 no’lu deney harig tim
deneylerde isleme yapildigi, takim Omriiniin islemin sonuna kadar siirdiigii gortilmektedir. 9
no’lu deneyde, kesme hizi ve ilerleme hizinin artma ile takimin deformasyona ugradigi ve
bundan dolay1 ve bundan sonra kesme 6zelligini yitirdigi goriilmektedir. Ancak distan jetting
yonteminde Cizelge 6’da da goriildiigii lizere isleme uzunlugu 32 mm iken igten sogutma
yonteminde bu deger 50 mm’ye ¢ikmistir. Distan jetting yonteminde 2, 4, 7, 8 ve 9 no’lu
deneylerde par¢anin tamaminin islenememesine karsilik i¢cten sogutma yonteminde 9 no’lu
deney haricinde tiim parcalar igslenmistir. Takim asinma miktarlar1 yoniinden karsilastirma
ileriki sayfalarda ayrica yapilacaktir. Eldeki verilerden de anlasilacag: iizere, i¢ten sogutma
yontemi, distan piiskiirtme yontemine gore daha iyi sonuglar tiretmistir.

4. SONUC VE ONERILER

Her iki sogutma yontemi uygulanmis pargalarin tornalanmasi ile ilgili ulasilan sonuglar
asagidaki sekildedir:

e Icten sogutma yontemi ile daha uzun isleme uzunluklari elde edilmistir.

12
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Distan sogutma yontemi ile 7 parca islenebilirken, igten sogutma yonteminde 8 parca
islenmistir. Islenmeyen parcalarda ise igten sogutma yonteminde, takim kdrelmesine kadar
daha fazla isleme uzunlugu elde edilmistir.

Distan jetting yoluyla sogutmada hem takim 6mrii hem de isleme uzunluguna bagl olarak
isleme zamani yoniinden en iyi sonuglarin, kesme hizinin 50 m/dak ve ilerlemenin 0.1
mm/dev degerinde elde edilmistir.

Igten sogutma ydnteminde 9 no’lu deney hari¢ tiim deneylerde isleme yapildigi, takim
Omriiniin igslemin sonuna kadar siirdiigii goriilmiistiir.

Icten sogutma yontemi ile ilgili yapilan degerlendirmeler ve ulasilan sonuglar agisindan,
sonraki c¢alismalarda arastirmacilarin asagida belirtilen alanlarda bilimsel c¢alismalar
onerilmektedir:

Takim i¢ine thermocouple takilarak sicaklik degisimleri gozlemlenebilir ve icten sogutma
yonteminin farki bu anlamda daha derin analiz edilebilir.

Talag yiizeyi lizerine kesici kenar boyunca birden fazla delik acgilarak, daha derin talasg
derinlikleri ile islemler tekrarlanabilir.

Stinek ve sert malzeme iglemelerindeki igten sogutma yonteminin etkileri incelenmelidir.
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USE OF THERMOELECTRIC MODULES iN PHOTOVOLTAIC PANEL PASSIiVE
COOLING SYSTEMS
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Abstract

In this study, the use of thermoelectric or peltier modules in cooling studies carried out to
prevent efficiency decreases caused by high temperatures on photovoltaic panel surfaces or to
improve panel electrical efficiency has been investigated. Research on the use of thermoelectric
modules to increase panel electrical efficiency is basically carried out in two branches. The first
of these is to obtain additional electricity from the panel by using panel heat and to increase the
final electrical efficiency of the panel, and the second is to cool the panel by using a portion of
the electricity obtained from the panel in the module. In both cases, there is the advantage of
using 100% solar energy. It is also necessary to clarify which type of use of thermoelectric
modules is more effective in increasing panel electricity. In the light of current studies, the
advantages and disadvantages of these types of use, as well as the application methods,
difficulties, cooling performances, and efficiency increases provided by these modules in panel
cooling have been investigated and evaluated.

Keywords: TEC, TEG, Thermoelectric generators, Photovoltaic panels, Cooling

1. INTRODUCTION
In renewable energy applications, solar energy is widely used within the scope of PV and PV-
T integrated systems. Efforts to increase the efficiency of these technologies, to complete their
deficiencies, and to make improvements continue in different subjects. Studies on both thermal
storage and increasing electrical energy in PVT systems, and studies on increasing electrical
efficiency in PV systems continue. Among these studies, passive cooling systems in particular
are in more research demand because they do not require additional energy[1]. In PVs, the
temperature increase parallel to the radiation falling on the panel surface negatively affects the
electrical energy production efficiency of the cells. Panels normally operate at the maximum
efficiency when operating under standard test conditions (STC). However, as the panels heat

up, they move away from the standard test conditions of 25°C and their efficiency decreases as
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they move away from this condition. When temperatures rise to 80-110°C, the panel life is
negatively affected. In this respect, it is extremely important to keep the panel temperature
below 110°C. For every 1°C temperature increase in the panels, the panel output power
decreases by 4-5%][2]. In this respect, one of the most popular techniques among the various
cooling techniques investigated is passive cooling methods. The cooling systems that stand out
in photovoltaic panel passive cooling systems are PCM material cooling[1], cooling with
Thermoelectric Modules (TEM/TEC/TEG), thermoelectric cooling or hybrid cooling systems
that combine these[3]. When thermoelectric modules are used in PV panels as either
thermoelectric coolers (TEC) or thermoelectric generators (TEG), energy waste can be
prevented and PV efficiency can be increased. According to studies where additional electricity
is obtained by using TEG in PV panels, it has been stated that these panels have become much

more efficient than standard panels [4].

If thermoelectric modules are used as coolers (TEC), they consume some electrical energy and
cool the PV panel with the peltier effect. As a result of this cooling, an increase in panel
electrical efficiency can be achieved. However, the final electrical efficiency of the PV-TEC
system should be evaluated by taking into account the amount of electricity consumed by the
TEC module. These modules can provide both panel temperature reduction and additional
electricity production thanks to the TEG by using their ability to generate electricity between
two environments with a AT temperature difference between them with the Seebeck effect[5].
With PV-TEG systems, panel efficiency is increased as the panel temperature is reduced and
electrical energy is obtained from the panel heat [6]. More studies on PV-TEG systems can be

found in review studies [7].

Since the individual efficiencies of PV and TEG systems are low, the efficiencies of PV-TEG
systems are not actually very high [6]. However, it is understood that their efficiency is higher
than that of PV panels alone [8]. Especially in concentrated panels that concentrate the sun's
rays at a focal point, higher temperatures occur, so TEG modules can operate at higher
efficiency if appropriate cooling is provided[9]. PV-TEG and PV-TEC applications are limited
due to integration, design and cost issues [10]. However, they have advantages such as being
simple, small, having no moving parts, low maintenance costs, etc. PV-TEG systems have the
advantage of providing alternative clean and higher efficiency energy, as well as having zero

pollution factor, zero noise and minimum maintenance cost during their working processes[11].
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In the hybrid PV/PCM/TEG designed passive cooling system, the maximum panel temperature
was reduced by 9.28°C, and an efficiency increase of 9.69% was achieved compared to the
reference panel. It was stated that TEGs used together with PCM increased the panel electricity
production compared to using only PCM. It was emphasized that the use of thermal paste
between the PV panel and TEG modules significantly affected the results. The PCM effect was
prominent in both the reference panel and the panel using TEG[3].

In this study, literature research has been conducted on the cooling of photovoltaic panels with
thermoelectric coolers (PV_TEC) and their other derivatives. The generation of electricity using
photovoltaic panel temperatures (PV_TEG) and hybrid systems (PV_PCM_TEG,
PV_PCM_TEC) created by using PCM materials for this thermoelectric cooling or electricity
generation. Different scenarios in PV-TEG systems are extremely important for finding a more
sustainable system. The research has been examined in terms of the pros, cons, application
methods, and difficulties encountered in application of these systems.

2. THERMOELECTRIC MODULES

TEG consist of a large number of P and N polar semiconductors as shown in the Figure 1. As
a result of the current passing through two different semiconductor material connections, one
of the materials cools down while the other heats up, which is known as the Peltier effect. On
the other hand, the reverse of this event is also possible. In other words, current passes through
two semiconductor materials connected in series with a temperature difference between them.
This is called the Seebeck effect of the thermoelectric material[12]. In TEGs, the heat
transmitted from the hot side to the cold side is transferred by the Thomson effect. The heat
absorbed from the cold side by the Thomson effect is emitted from the hot side. Electric current
passes through the N and P conductors due to the temperature difference AT between the hot
and cold ends (Figure 1).
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Figure 1. a) Heat absorption and dissipation by Thomson effect in TEG module consisting of many N and P semiconductors
[13], b) TEG electrical circuit and electrical conduction [6]

Thermoelectric modules suitable for use in PV panels are generally modular based on Bismuth
telluride. The fact that these modules are easily available in the market and their temperature
range are also ideal for these applications. Some common thermoelectric modules known as

Peltier in the market are given in Table 1.

TABLE 1. DIFFERENT THERMOELECTRIC MODULES (PELTIER) AND THEIR PROPERTIES

PRODUCT TEC1  TECI TEC1 TEC1 TEC1
TYPE 12703 12704 12705 12706 12708
OPERATION TEMP.(MAX) 200 200 200 200 200
(°C)

POWER(MAX) (W) 26.7 35.6 44.5 53.3 711
TEMP. DIFF(MAX) (°C) 68 68 68 68 68
MAX. VOLTAGE (V) 15.4 15.4 15.4 15.4 154
MAX. CURRENT(A) 3 4 6 8

3. PV-TEG MODULE APPLICATION METHODS

PV panels use solar radiation to convert photon energy into electrical energy. However, the
panels also store heat energy [14]. This reduces panel efficiency and shortens panel life when
panel temperatures are high enough. Panel electrical efficiency can be increased by using TEG
modules that can generate electricity from this heat energy, and their life can also be extended
since they also provide cooling. When TEG operate between two different temperatures with
the Seebeck effect, they generate electricity in proportion to this temperature difference. By
taking advantage of this situation, the hot side of the TEG modules comes into contact with the
heated back surface of the panel, while the surface that needs to be cooled comes into contact

with the cooling fin or other cooling medium (Figure 2)[15]. In this way, additional electricity
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can be produced from the panel by using PV panel heat with the help of TEG [16]. Bjerk and
Nielsen mentioned that in a PV panel where 145 W of energy is produced, 4.4 W of energy is
produced by the TEG module. This actually shows that 3% of the total energy produced is
produced by the TEG module. On the other hand, the same study also pointed out that only
1.84% of the total energy produced in the PV-TEG system is produced by the TEG module[17].
In addition to these low efficiencies, there are also studies that have obtained significant high
efficiency results. For example, while the efficiency of PV alone is 16.5%, the total efficiency
is 22.02% in the PV + TEG system, at a temperature difference of 11.6°C, the minimum
efficiency value of TEG is stated to be 6.61%][18]. It is stated that if TEG modules are used for
the purpose of generating electricity in PV panels, the final efficiency increase of the panel will
be between 3% and 14% [14, 18-20].

Glass cover

Heat sink

A[15] B[14]

Figure 2. Electricity generation from panel heat using TEG modules[14][15]

In general, PV-TEG system efficiency depends on the PV panel and TEG efficiencies and can
be expressed with equation 1 and equation 2. TEG module efficiencies can generally vary
between 4-10%. The power produced by the TEG varies depending on the temperature
difference at the two connection points and the load. The maximum TEG power is obtained
when the load resistance is equal to the internal resistance[21]. The maximum efficiency of
TEGs expressed as Carnot efficiency in Equation 3. The total energy obtained from the PV-
TEG system is equal to the sum of the individual energies of the PV and TEG as in Equation 1
or 2. The Carnot efficiency that can be obtained in a TEG system is directly proportional to the
temperature difference between the hot and cold connections of the module, and inversely

proportional to the temperature of the hot side of the module[17]. From Equation 3, it is
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understood that as the hot source temperature to which the TEG modules are exposed increases,
their efficiency will actually decrease.

Epv-TeG = Epv + ETEG (1)
nev-tec = Mpev + nrec (1- npv) (2
TNcarnot = AT/Th (3)

It is understood from literature research that TEG module efficiencies are generally below 4%
or 5%. Babu and Ponnambalam obtained a maximum efficiency of 5.3% at 3.7 Q load resistance
for the TEG modules they selected in their study. It was mentioned that the PV-TEG electrical
efficiency was 4% higher and the corresponding panel temperatures were reduced in the case
of 1000 w/m? irradiance[14]. Therefore, with the effective use of these modules, both additional
electricity is provided and PV panel efficiency increases due to the cooling of the panel.
Although the efficiency of these modules is low, it is stated that when used with PV panels and
a suitable cooling method, they significantly increase panel efficiency. In a sample study, 50
TEG modules placed on an aluminum sheet plate reduced the panel temperature from 67 °C to
44 .4 -C, resulting in a 31.66% energy gain[22]. In this study, TEG modules were cooled with
water. In this study, a total of 20.21 W of electrical energy was obtained, 17.81 W from the
panel and 2.4 W from the TEG module. Thus, 11% of the energy produced belonged to the
TEG module. In such a study, even if the final efficiency of the PV-TEG increases, there is a
significant electricity consumption for the pump used. Although active cooling is a
disadvantage, it has been said that if proper active cooling is done, it will positively affect the
efficiency of the PV panel by 10%[10].
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Figure 3. Active cooling PV-TEG system [21]
In another PV-TEG study where 32 thermoelectric modules were used and the TEG system was

cooled with tap water, the PV-TEG panel power was 25.4, while the PV panel power was
20.9W(Figure 3). It was mentioned that as the panel temperature value changed, a 27%
efficiency increase was observed in the PV-TEG system [20]. In the PV panel study where TEC
modules were partially (case a) and fully charged (case b), 4.46-6.23% higher electrical

efficiency was achieved for case b.(Figure 4) [23].

b Solar Cell

- ~ o — P — " 9 Glass ® E"A ‘ ! /n ‘,’
R e e e e e EVA + Tedlar
Glue . TEC ‘,e NOY ‘ ‘,AV‘,,

~,-.;,,E %ﬁw\

(b) opaque PV-TEC collector partially covered with TEC without air duct
(Brec = 0.4324; my = 0; Ty = T,) [case (a)]
k AN A

e Solar Cell

Glass + EVA
EVA + Tedlar
TEC

Glue

(c) opaque PV-TEC collector fully covered with TEC without air duct
(Btec = 1; my = 0; Ty = Tp) [case (b)]

Figure 4. Partial (case a) and complete (case b) filling of PV panel with TEG [23]

There are studies that even mention that it is possible to increase the efficiency of solar cells by
30% using TEG systems. The use of TEGs can also be beneficial in space platforms that collect
energy through photovoltaics. However, such platforms are exposed to high temperatures due
to their proximity to the sun. In concentrated panels that concentrate the sun's rays at a local
point, higher temperatures occur. In such applications, if there is a TEG suitable for working
under the relevant conditions, TEG modules can operate at higher efficiency if appropriate
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cooling is provided due to high temperatures[9]. However, TEG modules are currently being
produced that will withstand temperatures of 200°C or perhaps up to 750°C. However, future
NASA solar cell uses for such applications are still being discussed[24]. In the study where the
use of PV-TEG systems as the primary power source in satellites is aimed, the PV-TEG system
was investigated numerically and experimentally. It was stated that the solar cell efficiency of
PV-TEG modules could be increased by 21.9% if an insulating material with very low thermal
conductivity (such as k = 0.01 W/mK) was used instead of the ceramic (Al.Oz3) or graphite
substrate used in the TEG module structure [24]. It has been added that the use of ceramic and
graphite materials in TEGs will not be suitable for space research. The most important situation
that draws attention in this study is that there is no significant change in TEG efficiency for k
values of 10, 1, 0.5, 0.1, while in the case of using k = 0.01 material, the PV_TEG system
efficiency has increased significantly.

4. COOLING METHODS IN TEG SYSTEMS

Since the electrical efficiency obtained from TEG systems is closely related to the temperature
difference between the hot and cold surfaces of these modules, it is important to cool the
relevant modules well. Natural air cooling[25], forced air circulation cooling[26], forced water
cooling[10], phase change material cooling[27], cooling with the help of heat pipes[28] are the
types of cooling. Among these cooling types, forced cooling types have the disadvantage of
causing additional energy consumption such as fan pump, while the efficiency of natural
convection cooling is very low (Figure 5). For cooling with phase change material, it is
necessary to determine the material melting point, material amount and application location

well.

[~ Natural air
| heatsink :
/— Force air
" heatsink

A

loe]

Figure 5. a) natural air heatsink, b) Forced air heatsink[29] and aluminum fins

In order to emphasize the cooling effect, the voltages of the PV-TEG without cooling, with
graphite sheet and fins are 0.727 V, 0.889 V and 1.476 V, respectively. With the use of graphite
sheet, an increase of 0.241 V was achieved for a temperature of 3.92 °C, and with the use of
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fins, an increase of 0.749 V was achieved, resulting in a voltage that is 1.78 times higher, thanks
to the temperature difference increased by 5.96 C [30]. Both graphite and aluminum fins
increased the performance of the TEG module. Graphite sheet has the advantage of being lighter
and cheaper than aluminum fins, while aluminum fins have the advantage of having a more

effective cooling capacity than graphite sheet (Figure 6).

s 2 |

B

Common Output terminals of

Figure 6. a)TEG without cooling[30], TEG with grafit sheet only[30], c) TEG with heat sink[30]

One of the cooling methods of TEG modules is water or a recirculating cooling fluid, if there
is an active cooling fluid without requiring additional cost. The previously purchased PV/T-
TEG system can be given as an example. As seen in the related figure, cold water can be
provided to cool the TEG modules thanks to a water pump that already exists in the PV/T
system [31]. In applications where TEGs are cooled with water, although TEG efficiencies are
higher, the use of pumps for water circulation causes additional energy consumption. If there is
already a water-cooled system such as internal combustion engine vehicles, the advantage of
water cooling in such systems is beneficial as it does not require additional energy. However,
in solar panels, this method is not clear whether it is sustainable or economical, as it requires
additional energy and makes the system more cumbersome. However, such active cooling is

possible at lower costs when water-circulating systems such as PV/T are available (Figure 7)
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Figure 7 PVIT —-TEG systems [31]
PVIT collectors produce both electrical and thermal energy using solar energy. The PV panel

is cooled by taking the heat of the PV/T panel through a cooling liquid. In this way, the electrical
efficiency of the cooled panel is also increased. An intercooler fluid such as water is circulated
to cool the TEG modules, thus heating the water. In this way, since the active cooling of the
TEG modules is provided, efficiency values can also be increased. In a study conducted on
PVI/T, it was mentioned that the system efficiency would increase by 10-20% and the overall
system efficiency would increase by 40-50%][31]. Since the active cooling of TEG modules
significantly increases efficiency, it is clear that using TEG modules in PV/T systems is more
important in terms of efficiency than using them in PV panels, and more effective systems will
be provided. Since cooling of TEG modules in PV/T systems is easier, the application of TEG

modules in these systems is also easy.

5. ANALYSIS OF PV/PCMI/TEG RESEARCH

The important passive cooling method for PV panel efficiency increases is the PCM method.
PV/PCM/TEC applications are important in this respect (Figure 8, Figure 9). It is clear that
TECs using PCM provide higher power output than those without PCM, and similarly, panels
using PCM provide higher power than those without PCM. In this respect, in addition to PCM
applications, there are also applications investigated as PV-TEG-PCM [32].
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Figure 8. a) Side and, b) top view of the actual design of PV/PCM/TEC system, ¢) PV/TEC system, d) TEC and aluminum
block for PCM[32].

In Figure 8, it is stated that in the study where PCM was used as a heat sink between PV and
TEG, the panel temperature was reduced from 74.43 °C to 53.72 °“, and the electrical power
increased by 100% and the efficiency increased by 1.38% [33]. It has been stated that panel
efficiencies increased by 15.88%, 16.2% and 16.42% for wind speeds of 1 m/s, 2 m/sand 3 m
/'s. Although it is said that electricity is produced at least during the night with the energy stored
in the PCM in such a system, the situations where the PCM is right behind the panel need to be
analyzed thoroughly. Indeed, if the heat in the PCM modules between the PV and TEG modules

is not completely released, this can cause the PV panel to remain hotter than it should be for a

long time, resulting in less electricity production [27].

Hot air S

mm= Reflector
Glazing cover

- PV
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Figure 9. In PV-TEG-PCM system, PCM is used between PV and TEG [27]
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Khan et. al. (2024) used a PCM filled aluminum block between the PV panel and the TEG
module as seen in the figure. It is seen that the cooling of the TEG module is left to the natural
ventilation of the environment[32]. In this study, according to the results of experiments carried
out with PCM having a melting point of 40°C for 6-7 hours, the panel temperatures for
PV/PCMI/TEC, PV/TEC and PV were measured as 45.70 °C, 48.45 C, and 49.71 °C,
respectively. It has been stated that if PCM maintains its temperature above 40 °C for more than
3—4 hours in the temperature range of 28.8 °C - 33.2 °C, it has a negative effect on the PV panel
temperature. Indeed, although the ambient air cools, the panel temperature remains high due to
PCM. According to the one-day data obtained, temperature decreases of 9.28 °C and 5.20 -C
were provided for PV/PCM/TEC and PV/TEC, respectively. The maximum average power for
PV/PCM/TEC was 5.98, the relevant reference power was 5.4W; For PV/TEC, 5.52 W and the
corresponding reference power was measured as 5.37 W. Thus, a power increase of 9.20% and
1.61% was achieved for PV/PCM/TEC and PV/TEC compared to the reference PV panel,
respectively.

The study where CO> was used within the scope of efficiency increase studies in PV-TEG
systems also draws attention[33]. In this study, it was stated that the reason for using CO2 was
the greenhouse gas effect and heat production on the hot side of the TEG module. In this respect,
as seen in the figure, various CO2 gas gaps were used before the TEG modules. While visible
rays are converted into electrical energy during the solar radiation conversion phase, invisible
rays are either scattered or absorbed along the panel. With the CO2 used in the module in this
study, these invisible rays are converted into thermal energy. In the presence of these invisible
rays, COz gas creates vibration. Glass and CO: layers create a greenhouse effect inside the panel
and as a result, a large amount of heat is produced inside the panel. TEG modules located
between CO; and heat emitters can capture this heat and produce electricity (Figure 10). Dark
blue and black panels available in the market facilitate the absorption of solar radiation and its

conversion into heat [33].
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Figure 10. Using CO2 gas to increase efficiency in PV-TEG system [33]

6. TEG MODULE ELECTRICAL CONNECTIONS IN PV-TEG SYSTEM

By connecting multiple TEG modules in series, high voltage can be achieved, and by
connecting them in parallel, current can be increased. However, in PV-TEG research, TEG
modules are usually connected in series to keep the voltage amount high. There are also studies
that record open circuit voltage and short circuit current data[22, 34]. In the system where 196
TEGs were used together with 2 100W PV panels, cooling was provided by natural convection
using cooling fins. The study, in which all TEG modules were connected in series, was carried
out in Malaysian climate conditions in March 2021. In the study, an average efficiency increase

of 13.69% was determined on sunny days, 1.75% on rainy days and 1.26% on cloudy days [35].

DC to DC converters, which are developed to maximize energy in systems that produce DC
voltage such as PV panel systems, wind turbines, and TEG modules, are needed (Figure 11,
Figure 12). DC converters were originally developed to reduce or increase DC voltage or to
change the voltage amplitude. In TEG systems, DC DC converters are used to connect the
circuit to the load, increase the voltage, and change the voltage amplitude. In some studies, full
bridge converters that convert DC power to AC power are also used [36].
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Figure 11. a) Booster DC converter circuit (Booster), b) DC to AC full bridge converter [36]

In PV-TEG systems, as seen in the figure, TEG and PV are connected separately to a DC-DC
boost converter and converted with the help of an inverter that converts DC to AC before going

to smart meters or loads [13, 36]. Series connection of TEG modules is generally preferred as
it provides higher efficiency in PV-TEG systems.
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Figure 12. Block model diagram of PV-TEG systems [36]
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7. THERMAL RESISTANCE IN MODULE APPLICATIONS

In PV-TEG designs, the effect of thermal resistances on electricity production is significant. In
PV-TEG systems, one thermal resistance is between the PV-TEG and the other is between the
cold side of the TEG module and the surrounding environment. In order to provide more
electricity production from TEG modules, it is extremely important to keep both thermal
resistances low and thus to provide high transmission coefficients. Indeed, the roughness on
both the module and panel surfaces causes the contact to be air-gapped. Air-gapped contact
significantly reduces the heat transmission coefficient. The transmission coefficient of air
(0.026 W/mK) is almost four times lower than the transmission coefficient of metals. This

increases the thermal resistance at the contact points and significantly reduces the system
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efficiency and performance [37-39]. For this purpose, various thermal interface materials (TIM)
are suggested to fill the gaps and reduce thermal resistance. It is understood that the main
thermal interfaces used in the literature are adhesives, gels, nanocarbon adhesives, thermal
grease, Epo-tek, Pyrolytic graphite sheet (Figure 13). Generally, the thermal pastes used are
expected to have high heat transfer coefficients and low viscosity and adhesiveness to keep the
modules on the surface. In the case of gel use, an efficiency increase of 1.24-2.85% was
determined [40]. In another study, it was stated that the results of the adhesive using thermal
grease and nano composite mixture as intermediate adhesive provided a 16% increase in

efficiency compared to the results using only grease [41].

A) A)
60 0.08 -
—+—Conductive adhesive T S »— Conductive adhesive
Gel

Natural air cooling | Gel Natural air cooling
55 — Hybridized nanocarbon paste 0.07 —— Hybridized nanocarbon paste
——Thermal grease ——Thermal grease
Epo-tek 0.06 Epo-tek
+ Pyrolytic graphite sheet (Parallel) Lo - Pyrolytic graphite sheet (Parallel)
< Pyrolytic graphite sheet (Bent) B s = E 0.05 < Pyrolytic graphite sheet (Bent)

PV Temperature [°C]
£ I3 ']
(=] o (=]
.\\
\
\
\
\
\
\
TEG Power

W
o
\
\
\
\

-

0.01 T e

R e e e
25 F———p—-
200 300 400 500 600 700 200 300 400 500 600 700

Solar irradiance [W/m?] Solar irradiance [W/m?]

Figure 13. different thermal paste affect [12]

Thermal paste materials such as thermal grease, gel and carbon paste, when exposed to high
temperatures for a long time, their structures deteriorate and their properties decrease or
disappear. Contact thermal resistance is directly proportional to the thickness of the material
and inversely proportional to thermal conductivity. Thermal resistances used in research are
generally in the range of 1x107¢ —5x107* m? K/W [42]. In this respect, the selection of materials
with high thermal conductivity and as thin as possible will reduce thermal resistance. In this
respect, research on pyrolytic graphite sheets (PGS) with high thermal conductivity coefficients
such as 1600 W/m.K and thin layers such as 25-um is also ongoing[29].
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Although different uses of suitable thermal pastes are being investigated to improve heat

transfer at the PV-TEG interface and the cooled interface of TEGs, since the existing thermal
pastes are pastes developed for the purpose of cooling computer processors, the bonding
properties of these pastes are not as good as their conduction coefficients. In this respect, their
active use in PV-TEG applications is almost non-existent. It is envisaged that other alternatives
such as carbon graphite TIM and thermal pads can also be used to provide thermal conductivity
(Figure 14b). In this sense, it may be promising to use thermal pads or carbon graphite TIMs

with double-sided good bonding properties by also providing double-sided bonding properties.

8. CONCLUSIONS AND RECOMMENDATIONS

The use of thermoelectric modules in photovoltaic panels increases the final efficiency of the
panels. The modules, which provide additional energy from the heat of the panels, also increase
the panel efficiency since they cool the panel. Cost analysis, long-term applicability and
appropriate designs of PV-TEG modules are required. In PV-TEG systems, good cooling of
TEGs is extremely important both for the electrical energy produced by TEGs alone and for
cooling the PV panel and generating more electricity. In this respect, in order to obtain good
efficiency from PV-TEG systems, the use of TEG modules in PV/Ts is inevitable. Indeed, since
there is already a pump in the system itself in PV/Ts where water is circulated, no additional
energy is required for cooling the system. Since suitable active cooling can be provided without
requiring additional costs, the applicability of PV/T-TEG systems will be easier than PV-TEG
systems. Inactive cooling methods such as aluminum fin cooling and PCM material cooling are
being investigated in PV-TEG systems.

The important problem encountered in PV-TEG systems is the use of suitable thermal pastes

for TEG modules. In fact, different uses of suitable thermal pastes are being investigated to
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improve heat transfer at the PV-TEG interface and the cooled interface of TEGs. However,
since the thermal pastes available in the market are pastes developed for the purpose of cooling
computer processors, the adhesion properties of these pastes are not as good as their conduction
coefficients. In this respect, their applicability in PV-TEG applications should be questioned. It
has been observed that carbon graphite TIM and thermal pads can be used as other alternatives
in terms of providing thermal conductivity. In this sense, it may be promising to use thermal
pads with good double-sided adhesion properties or carbon graphite TIMs by also providing

double-sided adhesion properties.
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ABSTRACT

Evaluation and conversion of solar energy and waste heat energy are of great importance for
national economies. Peltiers used for cooling purposes, especially cooling using solar energy
or generating electrical energy using waste heat energy, can make significant contributions to
countries' energy savings. Peltier modules have the capacity to obtain electrical energy from
temperature differences or, conversely, to heat one side and cool the other side using electrical
energy. They are generally preferred in small-capacity cooling applications due to higher
efficiency. Although Peltiers are mostly preferred for cooling purposes, it is also possible to
produce electricity from low-efficiency waste heat with the help of these modules. In addition,
thermoelectric modules of these modules, which are especially made more suitable for
electricity production, continue to be produced. In this study, interesting uses of both Peltier
and thermoelectric modules were evaluated within the framework of current studies on cooling
and generating electrical energy from Peltiers and generating electrical energy from
thermoelectric generators, and the widespread use of these modules was aimed at.

Keywords: TE, TEC, TEM, TEG, TEJ

1. INTRODUCTION
It is clear that research on efficient use of energy or increasing the use of renewable energy
resources will be on the agenda for a long time. While one involves more efficient use of
existing energy, the other aims to provide a country's economy and a clean environment with
the widespread use of clean and renewable energy. One of the important energy savings is the
conversion of waste thermal energy. Indeed, the amount of energy wasted in this area is not
small. In this respect, it is important to spread the use of thermoelectric modules (TEM), which
enable the conversion of waste thermal energy into both thermal and electrical energy. A large
number of N- and P-type thermoelectric materials (TE) are connected in series to form a
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thermoelectric module (TEM). TEMs can be used to generate electricity using waste heat, as
well as to provide cooling using electrical energy[1]. It is expected that modules will make
significant contributions to the country's economy, especially if they are used to obtain
electrical energy from waste heat after their electrical efficiency increases. Even though the
electrical efficiency of these modules is low in the current situation, their ability to be used in
the conversion of waste heat in the long term makes them preferable despite their high initial
costs. In the case of their use for electricity production purposes, electricity production from
waste heat without consuming additional energy is possible[2]. As the production of higher
efficiency, higher temperature resistant modules becomes more widespread and their costs
decrease, it is understood that they will find application wherever waste heat is present.

TEMs are actually classified according to high temperature and low temperature
applications[3]. Their most common uses are low temperature applications. Bi>Tes based
materials are actually materials used in low temperature applications. Such low temperature
applications actually provide safe electricity generation at temperatures close to room
temperature. Therefore, it is actually sufficient to have a hot or cold surface for electricity

generation[4]. The highest temperature at which these products operate is 250°C.

In addition to applications where TEMSs are used for electricity generation, they can also be
used in cooling applications using electricity. When used in electricity generation using the
Seebeck effect, they are called Thermo Electric Generators (TEGS) because they work as
electric generators. In applications where cooling is done using the Peltier effect, they are called
Thermoelectric Cooling (TECs). Since the cooling efficiency of TECs is higher than their
efficiency in generating electricity, they are known more as cooling modules in the market
instead of thermoelectric modules. Since TEC modules provide cooling from a waste heat
source and actually provide a transformation of thermal energy in its own version, this process
can be achieved with higher efficiency compared to electricity generation. Although the use of
TEC modules is more widespread than TEGs, both application areas actually need more
research and application areas. It has been determined that there are significant deficiencies in
this area.

In this study, the application areas of TEMs for electricity generation or cooling purposes were

examined using literature research. The usage areas of TEG/TEC modules within the scope of
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the study were introduced, and the difficulties and opportunities encountered in the relevant
areas were discussed. It is aimed to help the widespread use of TEG/TEC modules, which have
an important place in the evaluation of waste thermal energy and energy saving by converting
them, in our country in the future. In this respect, both TEG and TEC modules will constitute

an important source for usage areas and academic studies in this field.

2.STRUCTURE AND WORKING PRINCIPLE OF THERMOELECTRIC

MODULES
2.1. Thermoelectric Effect and Its History

The thermoelectric effect was first discovered by German scientist Thomas John Seebeck. This
effect, known as the Seebeck effect, was discovered by the movement of a compass needle in a
closed circuit created by combining two different metal ends. However, it was not initially
understood by Seebeck that this was an electrical effect. However, Thomas Seebeck was the
first person to discover the phenomenon of heat conversion into electricity or electricity
conversion into heat, which forms the basis of TEMs. In 1834, French scientist Jean Pelteir
discovered that when electrical energy was used in this circuit, the heat increased at one end
and the heat decreased at the other end in the experiments he conducted as a continuation of
these studies. Therefore,while T. John Seebeck demonstrated production through temperature
difference in 1821, Jean Charles Athanasa Peltier demonstrated that heating effect would be
provided on one side and cooling effec would be provided on the other side as a result of voltage
difference between the surfaces in 1834. Approximately a century later, in the 1930s, these
modules first began to be produced in the form of peltiers (TEC) to be used for cooling

purposes.

After the discovery of Seebeck and Peltier effects, when the front and back surface temperatures
of the ceramic surface TE materials are provided to be different from each other, an electric
current is passed. The amount of electric current can be increased by increasing the temperature
difference between these surfaces. Using this advantage, electricity can be produced with the
help of the temperature difference created between the two surfaces with the help of waste heat.
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This makes it possible to convert waste heat into electrical energy. The opposite situation, that
IS, it can be used as a heat pump or cooler by giving electrical energy.

2.2. Seebeck and Peltier Effect

The electric current passing through the circuit formed by the combination of two different
metals, one hot and the other cold, is called the Seebeck effect. The amount of voltage passing
through this circuit depends on the temperature differences (AT) of the TEMs formed by the
materials, the semiconductor double numbers (n), and the Seebeck coefficient (o) of the
semiconductor materials used. It is seen in equation 1 that the voltage value is directly

proportional to these parameters[5].

V=naAT (1)

The Seebeck number of TEMs is generally around 100uV/°C minimum([6]. This coefficient
varies depending on the material type as well as the temperature of the same material. Here, the
temperature difference is actually equal to the temperature difference between the hot (Th) and
cold (T¢) sides (Equation 2).

AT =Th - Te )
It is known that the voltage amount can be increased by the series connection of the N and P
pairs in TEMSs, and the current amount can be increased by the parallel connection of the series-

connected groups[6]. TEM modules consist of a large number of P and N pole semiconductors

as shown in Figure 1.
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Figure 1. a) Heat absorption and dissipation by Thomson effect in TEG module consisting of many N and P
semiconductors [7], b) TEG electrical circuit and electrical conduction [8]

P and N type semiconductor materials are being developed in terms of the ZT factor called
thermoelectric material factor (Figure of Merit) and temperature resistance. Since the ZT factor
is an indicator of the higher electricity production capacity of these materials, it is important to
work on increasing this value as much as possible. While the ZT factor is below 1 in TE
materials based on Bismuth Telluride, this value is tried to be increased above 1 with current
materials (Figure 2). Whether TEM or TEC, all of them are basically produced from
semiconductor materials such as lead, tin and tellurium. It is known that the semiconductors
used in peltiers developed for cooling purposes are generally Bi>Tes and SboTes[9]. However,
in TEMs produced from Bismuth Telluride (Bi.Tes), a maximum of 5% efficiency can be
achieved as a result of the temperature not exceeding 260°C and the maximum ZT being 1.2
[10]. The material factor of the thermoelectric couple depends on the Seebeck coefficients
(ap, an), thermal conductivity coefficient (k) and electrical resistance (R) of the relevant
thermoelectric couple as seen in equation 3 [11].

ZT = (ap- an)/kR 3)

If the electric conductivity coefficient (o) and the mean absolute temperature (T) are known,
ZT:

ZT = 02Tk (4)

Though the rule of thumb was ZT<1, it is now known that ZT values of 2 and higher can be
achieved by using different alloys [12]. In fact, it has been understood that ZT can reach high
values such as 2.5 and 3.5 with alloys such as Bi>Tes/Sh,Tes and PbSeTe/PbTe.
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Figure 2. ZT factors of different TE material types P and N type in differenthorking ranges [13]

The temperature resistance of TE materials is at least as important as the ZT value. In fact, the
greatest energy waste occurs in sectors such as foundries, high-temperature exhaust gases, flue
gases, melting processes, etc. The absence of TE materials with applicable resistance in these
areas will continue to cause major energy losses. The ZT factor of different P and N type
Thermoelectric materials in different operating ranges is shown in Figure 2 [13]. As can be
seen, while the traditional materials used, Bismuth Telluride-based N and P type materials, are
in the temperature range of 200-250°C, research on newly developed TE materials resistant to

temperatures up to 1000°C is ongoing.

The opposite of the Seebeck effect in TE materials is known as the Peltier effect. When a current
is passed through a circuit containing two different metals connected to form a closed circuit,
one of the metals will start to heat up and the other will start to cool down. In this way, the
effect of heating on one side and cooling on the other side as a result of using electrical energy
in the circuit is called the Peltier effect (Figure 3).

Tc Metal A Th

Metal B Metal b

n ©

+_
—~ —

Figure 3. Peltier effect
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2.3. Thomson Effect

The Thomson effect was discovered by William Thomson (Lord Kelvin) in 1854. This effect
is used in technologies such as thermoelectric generators, cooling systems and energy
production applications. Peltiers use the Thomson effect to create a certain temperature
difference, allowing one side to cool and the other side to heat. The Thomson effect expresses
the numerical relationship between the Seebeck and Peltier effects [11]. According to the
Thomson effect, when current (I) passes through a circuit, not only the temperature difference
(AT) but also the Thomson coefficient (1) of the thermoelectric material is affected. This
Thomson value is expressed in the formula as follows. With the Thomson effect, the heat

absorbed from one side is radiated from the other side (Figure 1).

Qr=1txIxAT (5)

2.4. Thermoelectric Generators

TEMSs containing large numbers of N and P pairs, however, generally have very small structures
and low electrical efficiency. Therefore, the amount of electrical energy produced from a single
TEM is low. In this respect, high-power thermoelectric generators (TEG) are obtained by
connecting different numbers of TEMs in series. It is foreseen that they will be of great
importance in the future in terms of evaluating waste heat due to their simple working
principles, lack of moving parts and no maintenance requirements. TECs and TEMs, which are
basically similar in their production methods, have similar working principles and although
both can be used for the same purpose, the efficiency of TECs obtained for cooling effect and
TEMs developed for electricity generation purposes are different from each other. In other
words, since the modules produced as Peltiers in the market are developed for cooling purposes,
their cooling efficiency is higher while their electricity generation efficiency is lower. On the
other hand, the electrical efficiency of TEM modules developed especially for electricity
generation has also been relatively improved compared to TEC modules. Table 1 shows the

commercially available Bismuth Tellur based TEC/TEM modules and their related features.
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TABLE 1. DEATURES OF DIFFERENT PELTIER MODELS

PRODUCT TEC1 TEC1 TEC1 TEC1 TEC1
TYPE 12703 12704 12705 12706 12708
OPERATION TEMP.(MAX) 200 200 200 200 200
(°0)

POWER(MAX) (W) 26.7 35.6 44.5 53.3 711
TEMP. DiFF(MAX) (°C) 68 68 68 68 68
MAX. VOLTAGE (V) 154 15.4 15.4 15.4 15.4
MAX. CURRENT(A) 3 4 5 6 8

2. USES OF PELTIER MODULES FOR COOLING PURPOSES
Peltier modules are actually thermoelectric modules that create a temperature difference using
electrical energy. As a result of the electric current passing through the Peltier modules, one
surface cools while the other surface heats up. Peltiers are widely used in small capacity cooling
applications by taking advantage of this feature. Since cooling occurs with the Peltier effect,
they are called Thermoelectric Cooling (TEC). Coolings made with the help of Peltiers have
applications such as cooling electronic devices, portable coolers such as mini refrigerators,
small capacity cooling needs in laboratory environments or medical devices, laser cooling,
personal cooling, PV panel cooling, etc. Peltier modules are preferred because they are small,
portable, do not contain moving parts, can cool quickly, and do not have harmful emissions. On
the other hand, their use in large capacity applications is limited due to their low efficiency and
usability in low temperature applications. TEC modules based on (Bi>2Tez—xSex) and (BixSho—

XTes) are unfortunately resistant to low temperature ranges such as 230-250°C [14].

TEC modules are used for cooling computer servers, microprocessors and power amplifiers. In
portable mini coolers, medical small power coolers, the heated area can be cooled with TECs
in order to increase the working efficiency of the laser. Wearable technologies that cool can be

produced by using the electrical energy generated from solar energy in wearable textile
products.

3.1. Peltier Cooler Mini Refrigerators and Air Conditioners

The COP increase study in a mini refrigerator using TEC modules is shown in Figure 4. In the
example study, water was used as the intermediate fluid in a mini refrigerator and TEC modules

were used for cooling the water. The cold part of the TEC modules is inside the cabinet and the
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hot part is outside the cabinet. Cooling of the outside hot side of the TEC module must also be
maintained so that the temperature in the cooled area can drop sufficiently. Therefore, in this
case, in order for the TEC module to work, an electric flow must be provided from an electric
source, the cold side starts to cool and the hot side starts to warm. So TEC module must be
cooled with a device that consumes additional electrical energy, such as a fan, on the outside
[15]. At4V and 1.006 A current, COP is 77.3%, at a temperature difference of 8°C for cooling

temperature. The highest temperature difference is stated as 26.4°C and COP is 11.2% for 10
V, 9.149 A and 91.49 W.

gem

Cooled water

Multimeter|

a
'
1

wi
-
B R it

b

>
[vs]

Figure 4. photographic picture of experimental setup: 1 — power supply, 2 — S.S. box, 3 — sensor, 4 — wooden box,
5 — heat sink, 6 — Peltier unit, 7 — fan; b) schematic diagram of experimental setup: 1 —S.S. box, 2 — fan, 3 — heat
sink, 4 — Peltier unit, 5 — foam box, 6 — voltage regulator, 7 — power supply

In a similar another study, it was emphasized that as a result of testing 1-3 TEM modules with
different voltage values such as 8, 10 and 12 V in different cooling volumes to increase cooling
performance, steady-state temperatures decreased with increasing number of modules and
higher COP was provided in the 8-volt system compared to 12-volt. The reason for this was
attributed to the inadequacy of cooling of the heated part in the TECs when 12-volt energy was
supplied [16]. Since refrigerators and air conditioners work on similar principles, studies on
mini-type air conditioners working with TEC are also ongoing [17]. Figure 5 shows the use of
TEG/TEC modules in a heat pump operating with geothermal system support. Since there is
water or refrigerant pumped in such a system, the cooling process of the TEG/TEC modules

will also be done as active cooling and therefore the modules will operate with high efficiency.
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Figure 5. Using TEG modules in heat pump or air conditioning systems [17]

3.2. Use of Peltier in Smart Wearable Products

With the development and widespread use of flexible thermoelectric modules, their use for
electricity generation or cooling purposes will become widespread. As a matter of fact, it has
been stated that flexible TEC modules and their use in wearable products provide a cooling
effect of up to 5°C as shown in the figure [18, 19]. There are many work areas where air
conditioning systems are not possible for various reasons. In this respect, various smart
wearable personal cooling systems equipped with TEC should be implemented in order to cool
down the people working in the relevant areas (Figure 6). TEC applications in wearable

technologies [20].

A B
Figure 6. a) Flexible TEC module production, b) Use of flexible TEC modules in wearable smart clothing

44



L CONFERER,
S Yo

MUNZUR 8th INTERNATIONAL CONFERENCE ON APPLIED SCIENCES
April 11 - 13, 2025- TUNCELI
ISBN NR. : 978-625-5962-60-7

ACADE

My 03

8
onrene

www.skademikongre.arg

3.3. Use of Peltier in Cooling Electronic Devices and Batteries

TEC modules are also used in cooling electronic devices and batteries [21, 22]. In Figure 7b,
there are 12 batteries in three rows, four batteries in each row. After the heat of the batteries is
absorbed by the phase change material placed around them, the heat temporarily stored in the
phase change material is transferred to the TEC modules with the help of fins with high heat

transfer coefficients. This heat is removed from the environment by providing cooling with the
help of TEC modules[23].

A B
Figure 7 a) Cooling of batteries only with TEC modules [21], b) Cooling of batteries with TEC in combination with PCM [23]

In order for the batteries to be sufficiently cooled with TEC modules, the hot parts of these
modules on the outside must be cooled appropriately and sufficiently. For this purpose, it is
possible to apply various exchanger systems. It is also possible to use active cooling systems.
However, since active cooling systems require additional electricity consumption, the use of
suitable cooling fins ensures that the system is more cost-effective and therefore more
applicable and sustainable. For example, as in Figure 8, copper fins that take up less space are
preferred in TEC modules to be able to draw better heat, while aluminum fins are used on the
cooling side to provide better cooling and to be more cost-effective. It is understood that the

aluminum fins are longer than the copper fins used inside in order to provide sufficient cooling.

TEC heatsink PCM battery n
Cad 1)
.

>

Figure 8. Cooling of batteries with TEC modules [21]
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3.4. Use of Peltier Modules in Cryogenic Cooling

If the temperature on the side of the TEC modules that needs to be cooled can be reduced
sufficiently, it is possible to use these modules in cryogenic applications at low temperatures.
In a sample study, the temperature value was reduced by — 78.2 °C (AT = 194.9 K) with two-
stage TEC systems such as TEC-1 and TEC-2[24]. In such a system, air and water cooling

methods were used to cool the TECs. 1-TEC was liquid cooled to provide the lowest

temperature, and TEC-2 was air cooled (Figure 9).

Environment

Data collection

Thermometer
(T-type Thermocouple wire)

>, = o

Flowmeter

KDLP1200-B Liquid Bump

DC Power Supply

Figure 9. Investigation of the usability of cryogenic cooling of TEC modules [24]

3.5. Use of Peltier Modules in the Medical Field

ue to their structure, TEC modules are used in small capacity cooling applications such as
medical applications rather than large capacity cooling[19]. For example, TEC systems can be
used for regional heating and cooling needs in a person's body[19]. The use of cryotherapy
devices in wrist and ankle injuries is becoming widespread. Figure 10 shows technological
products with TEC modules developed for regional rapid warming and cooling of the human
body. There are examples of TEC module usage for cooling purposes in brain cooling helmets
used in the treatment of epilepsy[25]. In addition to district cooling, research into electrical

energy generation using TEG systems in medical and biomedical applications is also ongoing.
[26, 27].
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A B
Figure 10. Medical TEC application examples [19]

4.USES OF THERMOELECTRIC OR PELTIER MODULES FOR ELECTRICITY
GENERATION PURPOSES

TEMSs have the advantages of being usable with all kinds of thermal sources, obtaining
electrical energy directly from thermal sources, not requiring maintenance for a long time,
having low maintenance costs and having a long service life. In addition to all these advantages,
their low efficiency of 5-15% limits their areas of use. However, if suitable cooling is provided,
TE technology can provide a continuous power source thanks to the temperature difference
between a heat source and the ambient temperature. It is known that small-scale lighting
systems are made thanks to TEM modules by using the thermal energy of sources such as
boilers, ovens, stoves and hot water, and that they provide 4-5% fuel economy when used in
vehicle exhausts and are useful for charging batteries[28]. With various TEGs created according
to technological developments up to 2019, electricity production up to 15-550W can be
provided and these modules can be combined in electrical installations up to 5kW [12]. It is
known that their power can be increased up to 5kW in this way [29]. It is understood that in the
future, as TEG efficiency and temperature resistance increase, their areas of use will diversify

and become widespread.

4.1. Generating Electricity from Waste Exhaust Gases with Thermoelectric Modules
It is known that internal combustion engine efficiency varies between 25-35% on average, and
therefore 70% of the thermal energy used is released into the atmosphere through exhaust

gases[30]. In designs made for obtaining electrical energy from waste thermal energy in vehicle
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exhaust gases with the help of thermoelectrics. The TEG module formed from numerous TEMs
is brought into contact with hot exhaust gases as a hot source, while the source from which the
heat is discharged can be either direct outside air or a cooling fluid such as engine cooling water.
In this case, additional pump energy is not used for cooling purposes, an existing pumped cold
water system is used. This ensures that the energy obtained from the relevant modules is more
cost-effective. As seen in Figure 11a TEG modules can be used in vehicle exhaust gases as well
as in hot gas chimneys at the end of combustion in gas turbines[31]. Figure 11b shows sample
application types of TEG modules in vehicle exhaust pipes[32]. A multi-fin heat exchanger was
used to ensure the continuity of heat transfer to the TEG modules inside the exhaust pipes, and
a different design is seen with long and continuous fins on the outer wall of the pipe for cooling
the modules[32].

: — frazsnasa . N | Exhaustgas
; : i i ipeline
Bl S=tea. : ! §
= : 1 1
I I
................ i i
i ! )
Compressor  Turbine Cold-side
, heatsink
- lM“
il Hot-side hea
‘ exchanger
Combustion A Y J
Chamber Exhaust System

A

[vs]

Figure 11. Use of TEG modules in exhaust gases[31, 32]

Testing of TEG modules in vehicle exhausts is common because it is a high temperature
thermal source [33, 34]. Internal combustion engines, 70% of which is released as waste heat,
operate with an efficiency of 25-30% [35]. When TEGs are used in vehicle exhausts, parameters
such as high engine speed and engine load increase the temperature difference, thus increasing

module efficiency [36].

It is an important issue that academic studies continue on reducing (NOx) emissions in vehicles.
The high temperature of exhaust gases causes nitrogen gas emissions. Therefore, reducing
exhaust gas temperatures is an important factor in reducing nitrogen gas emissions. On the other

hand, reducing the temperature of the internal combustion engine is not applicable since it will
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also reduce engine efficiency. It is possible to reduce exhaust gas temperatures and therefore
nitrogen emissions by using TEG modules. In case of obtaining electrical energy from waste
thermal energy from vehicle exhaust gases with thermoelectric modules, there will be both a
reduction in emissions based on the reduction of nitrogen amount and an increase in engine
efficiency, resulting in more efficient work with less fuel. Therefore, the use of TEM modules
in generating electricity will have a great impact on reducing emissions released to the outside
air in vehicles or in industry[13]. As seen in Figure 12, with the development of high efficiency
TE materials, it will be possible to produce electricity up to 1 kW power by using high
efficiency TEG modules in exhaust gases[37].

TE Unicouple

TEG Module
Nanobulk

Half-Heusler

>

1 kW TEG System

Nano Powder TEG Subsystem

Figure 12. Production of high efficiency TE materials with the help of nano powders and their use in exhaust
systems

4.2. Obtaining Electricity from High Temperature Environments such as Boilers and
Chimneys with Thermoelectric Modules

In industrial applications, areas where heat losses occur, such as waste flue gases, heat losses
from various surfaces of hot boilers, inevitable heat losses on furnace surfaces, and hot stove
surfaces, constitute significant energy losses. It is possible to obtain electrical energy by using
this waste heat energy with the Seebeck effect using thermoelectric generators[38]. In Figure
13, electrical energy is produced by the TEG module used in the chimney of a wood stove [39].

The most important problem in such systems is to ensure proper cooling of the TEG modules.
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In particular, a high efficiency TEG system can be established with the presence of a system
that will provide active cooling, such as pumped water in the environment, and a suitable heat

exchanger design.

e A
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Sekil 23. Electricity generation from wood stove with TEG module, a) Stove, b) TEG module, c) test
measurement system, d) program interface [39]

4.3. Different Electricity Production Alternative Applications with Thermoelectric
Modules

With the development of high temperature resistant TEG modules, these modules can also be
used in high temperature applications such as casting, rolling, melting, metal industry, etc. It is
clear that TEG modules will also be indispensable in the aviation sector. Because the air
conditioning of the interior of aircraft in the summer is relatively cooler, and since the outside
temperature is high in the aircraft on sunny days, it is possible to produce high levels of
electricity by equipping all cabin materials of aircraft with TEG modules. Similarly, it is
possible to produce electricity in various marine vehicles using combustion chambers and

exhaust gases.
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As seen in Figure 14, in another interesting thesis study, the electrical data of TEMs were
investigated theoretically and experimentally when nitrogen at 77 K temperature liquefied at
atmospheric pressure was used as a cold heat source and the atmosphere at 293 K temperature
was used as a hot heat source[40]. It is clearly understood from this example that the important
thing is not the high temperature on the hot side of the TEM modules. It is important that the
temperature difference between the hot and cold sides of the modules is high. Therefore, almost

every place where the appropriate temperature difference is provided constitutes the application
area of TEM modules.

Sicak yluzey +V Bilgi toplama
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Figure 14. Electricity generation from liquefied nitrogen gas

Other areas where TEGs can be applied can be listed as follows:

1. It can be operated by taking advantage of the temperature difference formed in chimneys.

2. It can be operated by taking advantage of the temperature difference formed around central
heating boilers.

3. It can be operated by designing it like a window system in air-conditioned environments with
high indoor-outdoor temperature differences in the summer.
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4. It can be operated by taking advantage of the temperature difference formed on the walls of
spaces containing cold storage.

5. A portable system can be prepared and used in indoor and outdoor spaces according to
summer and winter climates.

6. It can be used for electricity generation by using the surface temperatures of solar panels or
for cooling purposes by using the electricity obtained from solar panels.

7. 1t can be operated by taking advantage of the temperature difference formed around the stove
and oven in regions where the climate temperature is below zero degrees.

8. It can be used to produce the electricity of spacecraft and satellites in space environments
where the ambient temperature is as low as -270 °C.

9. TEGs can reduce exhaust gas temperatures and reduce engine NOX levels.

10. High-temperature TEGs to be developed can be used in hot steel structures, foundries,
metalworking workshops, and other high-temperature environments, and can be used to
produce high levels of electricity.

11. By using them on the exterior surfaces of aircraft, electricity can be produced to feed aircraft
interior lighting systems or to feed batteries by taking advantage of high solar heat and aircraft
interior temperature differences.

12. Solar-powered cooling or air conditioning systems can be designed using solar-powered
electricity produced from TEC modules [41].

5. CONCLUSIONS AND RECOMMENDATIONS

In this study, current studies using TE-based TEG/TEC modules have been evaluated. Different
interesting applications of these modules have been presented for the purpose of generating
electricity and cooling. It has been understood that the first applications of these modules in the
market were generally used for cooling purposes. The fact that the modules are small and have
low efficiency has caused them to be preferred in low cooling capacity systems. It has been
understood that the main TEC module cooling applications will be used in mini refrigerators,
air conditioners, heat pumps, local body heating or cooling in the medical field, and in future
technological smart clothes in textile products. TEG module applications are promising,
especially in vehicle exhausts, chimneys, hot surfaces such as boilers, ovens, stoves, PV panel
cooling systems and in systems such as the metal industry where high temperature applications

are included with the provision of suitable material production in the future. Apart from these,
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it is also thought that TEC/TEG modules will become important sources of electricity

generation in aviation and marine vehicles.
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ABSTRACT

Hydrodynamic lubricated radial journal bearings, which are widely used in the field of
engineering, are critical components that directly affect the energy efficiency and durability of
mechanical systems. Surface texturing methods, developed to reduce friction and wear, play a
significant role in improving bearing performance. A detailed examination of the effects of
surface textures on lubrication film formation, load-carrying capacity, friction coefficient, and
wear behavior is crucial for the development of more efficient and optimized bearing designs.

A review of the existing literature reveals that numerical simulation studies investigating the
impact of surface textures on tribological performance are abundant, whereas experimental
research remains relatively limited. To address this gap, this study will experimentally analyze
the tribological performance of surface textures with geometric patterns under static load and
speed conditions using the TM 290 Hydrodynamic Bearing Test Rig.

This research aims to demonstrate the tribological advantages that surface texturing
technologies can offer under real operating conditions. The findings of this study will serve as
a guide for more efficient journal bearing designs and contribute significantly to both academic
literature and engineering applications.

Keywords : Radial journal bearings , Surface texturing , Hydrodynamic lubrication and
tribology
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DOKULU YATAKLARIN YUZEY PERFORMANSININ iNCELENMESI

OZET

Miihendislik alaninda yaygin olarak kullanilan hidrodinamik yaglamali radyal kaymali
yataklar, sistemlerin enerji verimliligini ve dayanikliigimi dogrudan etkileyen kritik
bilesenlerdir. Siirtiinme ve asinmay1 azaltmak amaciyla gelistirilen ylizey dokulama yontemleri,
yatak performansinin iyilestirilmesinde Oonemli bir faktor olarak 6ne c¢ikmaktadir. Yiizey
dokularinin yag filmi olusumu, yiik tasima kapasitesi, siirtiinme katsayis1 ve asinma davranislari
iizerindeki etkilerinin detayli olarak incelenmesi, daha verimli ve optimize edilmis yatak
tasarimlarinin gelistirilmesi agisindan biiyiik 6nem tagimaktadir.

Mevcut literatiir incelendiginde, yiizey dokularinin tribolojik performans iizerindeki etkilerini
ele alan ¢ok sayida sayisal simiilasyon ¢alismasi oldugu, ancak deneysel aragtirmalarin nispeten
sinirli kaldigi goriilmektedir. Bu boslugu gidermek amaciyla gergeklestirilen bu ¢alismada, TM
290 Hidrodinamik Yatak Deney Diizenegi kullanilarak geometrik desenlere sahip ylizey

dokularinin statik yiik ve hiz kosullar altindaki tribolojik performansi deneysel olarak analiz
edilecektir.

Bu aragtirma, ylizey dokulama teknolojilerinin ger¢cek ¢alisma kosullarinda saglayabilecegi
tribolojik avantajlar1 ortaya koymay1 amaglamaktadir. Calismadan elde edilen bulgular, daha
verimli kaymali yatak tasarimlarina rehberlik edecek ve hem akademik literatiire hem de
miihendislik uygulamalarina 6nemli katkilar saglayacaktir.

Anahtar Kelimeler: Radyal kaymali yataklar , Yiizey dokulama (texture) , Hidrodinamik
yaglama ve triboloji

GIRIS

Hidrodinamik Yaglamah Radyal Kaymal Yatak Sistemi

Hidrodinamik yaglamali radyal kaymal1 yataklar, sanayide yaygin olarak kullanilan ve radyal
yonde gelen yiiklere kars1 direng gosteren kritik bilesenlerdir. Bu sistemler, doner hareket eden
bir saft ile yatak yiizeyi arasinda olusan yag filmi sayesinde siirtlinmeyi ve asinmay1 en aza
indirerek calisma verimliligini artirir. Yiik tasima kapasitesi, saftin donme hizi ve kullanilan
yagin viskozitesi gibi faktorlere bagl olarak, yag filmi tarafindan olusturulan hidrodinamik
basingla saglanir. Bu yag filmi, metal ylizeylerin dogrudan temasini dnleyerek hem siirtiinme
kayiplarini azaltir hem de aginmay1 engeller.
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Gorsel 1: Tipik bir radyal kaymal yatak sistemi [1]

Yatak performansini iyilestirmek amaciyla yiizey dokulama teknikleri uygulanmaktadir. Yiizey
dokulama, yag filmi iizerinde belirli basin¢ dagilimlar1 olusturarak yiik tasima kapasitesini
artirirken, siirtlinmeyi de diistirmektedir. Bu sayede, hidrodinamik yaglama kosullarinda daha
dayanikli ve verimli yatak sistemleri gelistirilmesi miimkiin hale gelmektedir.
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Gorsel 2: Mil ve yatagin degisik izafi konumlarinda yag filminin olusumu [1]

Hidrodinamik Yaglama ve Yiizey Dokularinin Etkisi

Hidrodinamik yaglama, yiizeyler arasinda bir yag filmi olusturarak siirtiinme ve asinmay1
azaltan temel bir mekanizmadir. Yiizey dokulama (texture), yaglama performansini iyilestirmek
ve tribolojik 6zellikleri optimize etmek amaciyla kullanilan yenilik¢i bir yaklagimdir. Dimple
(¢ukur), Groove (oluk) ve chevron (V seklinde) gibi yilizey dokulari, yag filmi lizerindeki
basincr artirarak ytik tasima kapasitesini iyilestirirken, siirtiinme katsayisini azaltmaktadir.
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Gorsel 3 : Chevron doku ve geometriye sahip bur¢ (mm olarak). [2-3].
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Gorsel 4: Alt1 farkh siirekli oluk dokusunun sematik diyagramlar [4]:

(a) iicgen, (b) kare, (c) eskenar dortgen, (d) altigen, (e) daire ve (f) elips.

a b

Gorsel 5: (a) diiz, (b) ¢evresel, (c) balik sirt1 ve (d) enine yivli yataklarin fotograflar1 [5].

Cesitli caligmalar, bu dokularin geometrik Ozelliklerinin ve yerlesimlerinin, yaglama
performansi tizerinde belirleyici bir etkiye sahip oldugunu gostermistir.

Sharma ve digerleri, triangular (liggen) dokularin, yag filmi lizerinde basinci artirarak yiik
tagima kapasitesini iyilestirdigini ve siirtiinme katsayisini azalttifin1 gostermistir. Bu bulgu,
ylizey dokulamanin hidrodinamik performansi artirmada onemli bir ara¢ oldugunu ortaya

koymaktadir. Ozellikle, basing artan bélgelere yerlestirilen dokularin performansi belirgin bir
sekilde iyilestirdigi belirtilmistir [6].
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Li ve arkadaslar ise, yiizey dokularinin hidrodinamik basing olusturma ve siirtiinme katsayist
izerindeki etkilerini teorik ve deneysel yontemlerle incelemistir. Calisma, groove, chevron ve
kompozit dokular gibi farkli yiizey dokularin basing olusturma kapasitelerini Navier-Stokes
denklemleri ve FLUENT simiilasyonlar1 ile analiz etmistir. Sonuglar, yilizey dokularinin

yaglama performansi iizerindeki olumlu etkilerini ortaya koyarak optimum dokularin
belirlenmesine katki saglamistir [7].

Zhang ve arkadaslari, dimple tipi ylizey dokularinin geometrik parametrelerini (derinlik,
yogunluk ve yerlesim) inceleyerek bu dokularin kaymali yataklardaki tribolojik performansa
etkilerini degerlendirmistir. Calisma, uygun dimple yerlesim ve parametre optimizasyonunun,
hidrodinamik performansi iyilestirerek yiik tasima kapasitesini artirdigini ve siirtlinme
katsayisini  6nemli Olglide azalttigini  gostermektedir. Bu  bulgular, yiizey dokusu
optimizasyonunun kaymal1 yatak tasarimlarinda kritik bir rol oynadigini ortaya koymaktadir

8].

Bu calismalar, hidrodinamik yaglamanin temel prensiplerini ve yilizey dokularinin yaglama
performansi iizerindeki etkilerini vurgularken, tribolojik parametrelerin optimize edilmesinde
yilizey dokulamanin kritik bir rol oynadigin1 géstermektedir. Boylece, Yiizey dokularinin uygun
sekilde tasarlanmasi ve optimize edilmesi, sistem verimliligini artirirken, enerji tiiketimini
diistirerek ve aginmay1 azaltarak mekanik sistemlerin performansini iyilestirebilir.

DENEYSEL YONTEM

Deney Diizenegi ve Kullanilan Ekipmanlar

TM290 deney diizenegi, hidrodinamik yaglamali radyal kaymali yataklarin tribolojik
performansini incelemek amaciyla gelistirilmis olup, yiik tagima kapasitesi, siirtiinme katsayisi,
yag filmi basinci ve sicaklik gibi kritik parametrelerin 6l¢iilmesini saglamaktadir. Bu sistem,
farkli hiz ve yiik kosullarinda detayli analizler yapilmasina olanak taniyarak hidrodinamik
yaglama rejimlerinin anlagilmasina katkida bulunur.

Deney diizeneginde radyal yiik, mil hizi, yaglayici tiirii ve yatak boslugu gibi degiskenler
ayarlanabilirken, siirtinme momenti, mil pozisyonu ve yag sicakligi gibi parametreler yiiksek
hassasiyetli sensorler ile kaydedilmektedir. 0-500 N arasinda ayarlanabilir radyal yiik kapasitesi
ve 0-1500 rpm hiz aralig1 ile ¢aligan sistem, Stribeck egrilerinin ¢ikarilmasina ve farkli yaglama
rejimlerinin detayli olarak incelenmesine olanak tanimaktadir.
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Gorsel 7 : Radyal yiikii el ¢arki ile ayarlanabilen kaymal yatak / Acilmis kaymal yatak, alt
yatak burcunun goriiniimii [9].

Sistemin kompakt tasarimi, laboratuvar ortaminda deneysel calismalar i¢in uygun bir yap1
sunmakta olup, teorik analizler ile deneysel verilerin karsilastirilmasina imkan vermektedir.
Ornegin, sabit yatak boslugu altinda yiik artisiyla siirtiinme katsayismin azaldigi, buna karsilik
yiiksek viskoziteye sahip yaglayicilarin siirtiinmeyi artirdig: tespit edilmistir. Bu sayede, farkli
calisma kosullarinda kaymali yataklarin performansini etkileyen temel parametrelerin

belirlenmesi saglanmaktadir.
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Yapilan Calismalar

Radyal kaymali yataklar, yiiksek hiz ve agir yiik tasima kapasitesine sahip mekanik bilesenler
olarak endiistride genis bir kullanim alanma sahiptir. Ozellikle hidrodinamik yaglama
kosullarinda ¢aligsan bu yataklarda, yiizey dokusunun (texture) tribolojik performans tizerindeki
etkisi onemli bir arastirma konusudur. Yiizey dokulama teknikleri, yaglama verimliligini
artirarak slirtiinmeyi ve asinmay1 azaltmakta, boOylece yataklarin genel performansini
iyilestirmektedir.

Literatiirde, farkli yiizey dokularinin (6rnegin dimple, groove, chevron) kaymali yataklarin
tribolojik ozellikleri tizerindeki etkisini inceleyen ¢ok sayida deneysel ve sayisal calisma
bulunmaktadir. Bu ¢alismalar, yiizey dokusunun, yataklarin siirtiinme katsayisi, asinma orani
ve yiik tagima kapasitesine olan etkilerini ortaya koymus ve bu faktorlerin yatak tasariminda
nasil optimize edilebilecegine dair degerli veriler sunmustur. Bu literatiir incelemesi, yiizey
dokusunun tribolojik performansa etkilerini ele alarak, bu alanda yapilan arastirmalari
Ozetlemeyi ve hidrodinamik yaglama baglaminda yilizey dokularinin optimizasyonuna yonelik
bulgular sunmay1 amaglamaktadir.

Hakan Adatepe ve digerleri, TM 290 Hidrodinamik Yatak Deney Seti ile radyal kaymali
yataklarda siirtiinme katsayisini teorik ve deneysel olarak incelemistir. Calismada, sabit yatak
boslugunda yiik arttik¢a siirtiinme katsayisinin azaldigi, daha kiiglik yatak bosluklarinin daha
diisiik siirtinme katsayilar1 sagladigi ve yiiksek viskoziteli yaglarin siirtlinme katsayisini
artirdig1 gozlemlenmistir. Sonuglar, hidrodinamik siv1 siirtlinme rejiminde teorik ve deneysel
bulgularin uyumlu oldugunu gostermistir [10].

Jaharah A. Ghani ve ark. hidrodinamik yaglama altinda torna yontemiyle olusturulan dimple
yiizey dokularinin tribolojik performansini CFD simiilasyonlariyla incelemistir. Calisma, farkl
dimple geometrilerinin siirtinme katsayis1 ve yik tasima kapasitesine etkisini
degerlendirmistir. Sonuglar, 10-20% alan oranina sahip eliptik dimple yapilarin siirtiinmeyi
%30 azalttigini ve yiik tasima kapasitesini artirdigini1 gostermektedir. [11].

Wang ve digerleri, Hidrodinamik yaglama kosullarinda radyal kaymali yataklarda ylizey
dokusunun tribolojik performansa etkilerini incelemislerdir. Calismada, yuvarlak, kare ve
icgen gibi farkli yiizey dokulari ile yaglama performanst sayisal simiilasyonlarla
degerlendirilmistir. Yuvarlak dokularin ve yiiksek doku derinliklerinin, ytlik tasima kapasitesini
artirirken siirtiinme katsayisini azalttigi tespit edilmistir [12].

Usman ve Park , Yiizey dokusu optimizasyonu ile radyal kaymali yataklarda hidrodinamik
yaglama performansini iyilestirmislerdir. Yatay oluk derinlikleri ve doku sekillerinin siirtlinme
katsayisi, yiik tasima kapasitesi ve film kalinlig1 tizerindeki etkileri sayisal simiilasyonlarla
analiz edilmistir. Yiizey dokusunun geometrik optimizasyonunun tribolojik performansi
artirdig1 goriilmiistiir [13].

Arif, Kango ve Shukla , kaymali yataklarda yiizey dokusu (texture) ve kayma bolgelerinin
konumunun hidrodinamik yaglama performansina etkilerini sayisal simiilasyonlarla
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incelemislerdir. Calismada, yilizey dokusu ve kayma diizenlemelerinin yag tasima kapasitesini
artirdi81, siirtiinmeyi azaltid1 ve yag filmi akis hizini iyilestirdigi belirlenmistir. Ozellikle
kayma bolgesinin yerlestirilme sekli, yatak performansini optimize eden kritik bir faktor olarak
bulunmustur. [14].

Shen ve digerleri, Chevron (V-sekilli) dokularin geometrik parametrelerinin yaglama
performansina etkisini simiilasyonlarla analiz etmislerdir. V-gekilli dokularin hidrodinamik
basinci artirdigi ve siirtlinmeyi %84 oraninda azalttig1 gosterilmistir [15].

Filgueira Filho ve ark. , hidrodinamik yaglamali yuvarlak yataklarda dort farkli yiizey
dokusunun (Chevron, disli, dikdortgen dimple ve hizali dimple) etkilerini deneysel olarak
incelemistir. Caligmada, yilizey dokularmin siirtlinme, yilik tasima kapasitesi ve eksantriklik
izerindeki etkileri Sommerfeld sayilari tizerinden degerlendirilmistir. Chevron ve dikdortgen
dimple dokularinin yag filmi kalinligin1 artirarak yiik tasima kapasitesini iyilestirdigi, ancak
hizali dimple dokusunun belirgin bir etki gostermedigi tespit edilmistir. Ayrica, siirtiinme
momenti ve eksantrikligi etkileyen faktorler detaylandirilmistir [2].

Schnell ve ekibi, Femtosaniye lazerle olusturulan chevron mikro dokularin tribolojik
performansi deneysel olarak incelenmistir. Simetrik dokularin, yag filmi kalinligmi %39
artirdig1 ve stirtiinmeyi %44 azalttig1 gorillmiistiir [3].

Michalak, Yuvarlak mikro oluklarin hidrodinamik performansa etkisini incelemis ve bu
geometrinin yaglama filmini optimize ederek siirtiinme momentini azalttigin1 géstermistir [16].

Bu calismalar, yiizey dokusunun geometrik optimizasyonunun hidrodinamik yaglama
performansini artirmada kritik bir rol oynadigini ve bu alandaki deneysel ve sayisal arastirmalar
icin 6nemli referanslar sundugunu ortaya koymaktadir. Yapilan analizler, dogru tasarlanmig
yiizey dokularmin siirtiinmeyi azaltarak yiik tasima kapasitesini artirabilecegini ve tribolojik
performansi iyilestirebilecegini ortaya koymaktadir.

SONUC VE TARTISMA

Hidrodinamik yaglamali radyal kaymali yataklar, modern tribolojik sistemlerde siirtlinmeyi
azaltma, asinmay1 onleme ve yiikk tasima kapasitesini artirma &zellikleriyle kritik bir role
sahiptir. Bu yataklarda, saft ile yatak yiizeyi arasindaki yag filmi, sistemin performansini ve
dayanikliligini belirleyen temel bir unsur olup, yiizey dokularin (texture) bu film tizerindeki
etkileri, yaglama etkinligini artirma ve enerji verimliligini iyilestirme potansiyeli sunmaktadir.
Ozellikle dimple, groove ve chevron gibi dokular, yag filmi basincini artirarak yiik tasima
kapasitesini iyilestirme ve silirtiinme katsayisini azaltma agisindan etkili tasarim ¢oziimleri
sunmaktadir.

Proje kapsaminda TM290 Hidrodinamik Yatak Deney Diizenegi kullanilarak yiizey dokularinin
tribolojik performansa etkileri analiz edilecektir. Deneylerde, farkli geometrik yiizey dokulari,
hidrodinamik yaglama kosullarinda test edilerek siirtiinme katsayisi, yag filmi kalinlig1 ve yiik
tasima kapasitesi gibi kritik performans olgiitleri degerlendirilecektir. Statik yiik ve mil hiz1 gibi
degiskenler kontrollii bir sekilde ayarlanarak, ylizey dokularmin tribolojik performans
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iizerindeki etkileri detayli olarak incelenecektir. Elde edilen veriler, optimize edilmis doku
tasarimlarinin belirlenmesine ve bu tasarimlarin tribolojik sistemlere saglayabilecegi katkilarin
ortaya konmasina olanak taniyacaktir.
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OZET

Bu ¢alisma, geleneksel ve uygun maliyetli bir talagl imalat yontemi olan tornalama ile farkl
ylizey piirtizliiliikk degerlerinde islenen Ti6Al4V altliklarin zencefil bitkisi ile hazirlanan ZnO
NP'lerle kaplama sonrast morfolojik agidan incelenmesini ele almaktadir. Tornalama isleminde
ilerleme hizinin arttirilmasi ile yiizey piiriizliiliik degerleri arttirilmis ve piiriizlilik degerleri
yaklagik 1-2 um arasinda degisen degerlerde altliklar elde edilmistir. Degisen yiizey piirtizliilik
degerlerine sahip Ti6AI4V alt tabakalar iizerine damlatma yontemiyle kaplanan ZnO NP'lerin
morfolojisini karakterize etmek i¢cin SEM, yiizey piiriizliliigii 6l¢timleri, makro goriintii ve
mikrosertlik analizleri yapilmistir. Ayrica kaplama Oncesi ve sonrasi altlik yiizeylerinde temas
acis1 Olciimleri de yapilmistir. ZnO NP'lerinin kaplama yapis1 i¢cinde homojen dagilim
sergiledigi ve ¢ogunlukla ortalama boyutu 50 nm’den kii¢iik olan kiiresel nano pargaciklardan
olustugu belirlenmistir. Artan ylizey piiriizliliik degeriyle mikrosertlik degerlerinde artis
gozlenmistir. Kaplama sonrasi mikrosertlik degerlerinde belirgin artiglar tespit edilmistir.
Kaplama sonras1 temas agis1 6l¢lim sonuglarina gore tiim numunelerin yiizeyinde 6l¢iilen temas
acilar1 90°’den kiiciiktiir. Ti6Al4V alasiminin kaplama Oncesi artan yiizey piiriizliiliik degeri ile
yiizey temas acis1 azalmistir ve yayilim artmigtir.

Anahtar Kelimeler : Nanoteknoloji, yiizey piiriizliiliigii, kaplama, temas agisi.

66


mailto:tugcedilbeer@gmail.com
mailto:gizem.karabulut@iuc.edu.tr
mailto:nbekoz@iuc.edu.tr

iR
A LORFERER
5 v,

,

MUNZUR 8th INTERNATIONAL CONFERENCE ON APPLIED SCIENCES
April 11 - 13, 2025- TUNCELI
ISBN NR. : 978-625-5962-60-7

ACADE

My 03

8
onmsn®

www.skademikongre.arg

1. GIRIS

Ti6Al4V alasimi, olaganiistii korozyon direnci, miikkemmel mekanik 6zellikleri, kemik benzeri
elastikiyet modiilii, diisiik yogunlugu ve minimum alerjenik potansiyeli nedeniyle ortopedi, dis
hekimligi ve diger tibbi alanlarda metalik implant ve protez malzemesi olarak yaygin olarak
kullanilmaktadir [1,2]. Bununla birlikte, metal bazli implantlar, korozyon, asinma ve yorgunluk
dahil olmak iizere viicut sivilar1 ve organlarla etkilesimler sonucunda yiizey bozulmasi
yasayabilir. Metal bazli implantlarin yiizey kalitesi, performanslari, giivenilirlikleri ve dmiirleri
icin kritik 6neme sahiptir. Hem malzemenin dogal fiziksel 6zellikleri hem de implantin dis
katmaninin ylizey biitiinliigli bu kalite iizerinde etkilidir. Farkli metal esasli nanopartikiillerle
(NP'ler) implant yiizey kaplamasi, ylizey 6zelliklerini gelistirmek, islevselligi iyilestirmek ve
koruma saglamak i¢in 6nemli bir odak noktasi haline gelmistir [3-6]. Metal esasli NP’ler, daha
biiylik oOlcekli sistemlerde bulunmayan ayirt edici Ozelliklere sahip olduklar i¢in cesitli
alanlarda yeni iglevlere olanak tanir. Bu nedenle, malzeme bilimi, elektronik, saglik hizmetleri
ve enerji alanlarinda yaygin olarak kullanilmaktadir [7,8]. Metal esasli NP'ler, islevsellik,
mekanik direng, korozyon direnci ve biyolojik aktivite gibi yiizey oOzelliklerini gelistirme
yetenekleri nedeniyle kaplama malzemeleri olarak 6nemli ilgi gormiistiir [9]. Metal ve metal
oksit NP'leri, miikemmel mekanik, kimyasal ve optik 6zellikleri nedeniyle kaplamalarda yaygin
olarak kullanilmaktadir [10]. Bunlar arasinda, ZnO NP'leri giicli UV engelleme yetenekleri,
yiiksek termal kararliliklar1 ve antibakteriyel etkileri nedeniyle 6ne ¢ikmakta ve bunlar gesitli
endiistrilerde koruyucu kaplamalar i¢in ideal hale getirmektedir [11]. Bitki 6zleri kullanilarak
sentezlendiklerinde, bu NP'ler biyolojik aktivite, azaltilmis toksisite ve ¢evresel etki dahil
olmak iizere ek avantajlar sunmaktadir [12]. Bitkilerden elde edilen ZnO NP'leri yalnizca
istenen islevsel oOzelliklerini korumakla kalmaz, ayni zamanda tehlikeli kimyasallarin
kullannmin1 azaltarak ve atik olusumunu en aza indirerek siirdiiriilebilirlik hedefleriyle de
uyumludur [13]. Yesil yolla sentezlenen metal esasli NP’lerin bir diger kullanim alan1 da yiizey
kaplamalaridir.

Kaplamalarin yiizey biitlinliigii, yapisma mukavemeti, optik 6zellikler ve katalitik aktivite dahil
olmak tizere performans 6zelliklerini tanimlamada kritik dneme sahiptir. Yiizey biitiinliigiiniin
temel yapisal yonii olan yiizey piiriizliiliigiiniin 6tesinde, yiizey topografyasi, mikro yap1 ve
mikro sertlik gibi faktorler de metalik biyo-implantlarin ¢ok islevli performansina énemli
Olctide katkida bulunur [14,15]. Son yillarda implant uygulamalarinda popiilerlik kazanan
ylizey modifikasyonlari, implantlarin biyouyumlulugunu ve islevselligini artirmak i¢in etkili
coziimler sunar. Caligmalar, bir implantin mekanik 6zelliklerinin, tasariminin, uyumlulugunun
ve yiik iletiminin yiizey biitiinliigiinden biiylik 6l¢iide etkilendigini gdstermektedir. Yiizey
ozellikleri kemik dokusu iyilesmesi i¢in dnemlidir; titanyum (Ti) ve alagimlar1 ¢cok reaktiftir ve
mikroplarin biiyiimesini etkiler [16]. Yiizey piriizliligi kaplanabilirlikle yiksek bir iligki
gosterir ve bakteriyel yapismay1 6nemli 6lgiide etkiler [3,14,15,17]. Bu ¢alismada, yesil yolla
sentezlenen ZnO NP’lerin yiizey piiriizliliigli ¢cevreci ve uygun maliyetli bir yontem olan
tornalama ile piirizlendirilmis Ti6Al4V altlik malzemelere kaplanmasi sonras1 morfolojik ve
1slanmazlik 6zelliklerinin incelemesi gerceklestirilmistir.
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2. DENEYSEL CALISMALAR

2.1. Althk Malzemelerin Hazirlanmasi

Ti6Al4V titanyum alasimi bar formunda Varzene Metal Firmasmdan temin edilmistir. Firmadan
temin edilen spektral analiz raporunda bulunan malzemenin kimyasal icerigi Cizelge 1’de
sunulmustur. ZnO NP’lerin hazirlanma siireci ile ilgili detayli bilgi daha 6nceki ¢aligmalarda verilmistir
[18]. Ti6Al4V alasimli alt tabaka pargalari, 2 mm kalmhginda ve 25 mm ¢apinda silindirik bir bloktan
kesilerek hazirlamistir. Kesme islemi, X ve Z eksenlerine sahip bir CNC makinesinde, 550 mm igleme
ve 3000 rpm hiz kullanilarak YoulJi Machine Industrial Co. LTD. tarafindan gergeklestirildi. Kesme
islemi sirasinda %95 su ve %5 ESTRA 320 mikro emiilsiyon metal isleme sivisindan olusan bir kesme
stvist  kullanildi.  Cizelge 2’de verilen kesme kosullart kullanilarak, kesme igleminde
TiCN+AILOs+TiCN kaplamali bir DNMG 1500608-MKS kesici u¢ kullanilmugtir. Farkli yiizey
piirtizliilik degerlerine sahip pargalar iiretmek icin, kesme hiz1 ve derinligi sabit tutulurken ilerleme
hiz1 degistirildi. 0,15 mm/dev, 0,25 mm/dev ve 0,35 mm/dev ilerleme hizlariyla islenen Ti6Al4V
alasiminin yiizey piiriizliiliigline sirasiyla R1, R2 ve R3 ad1 verilmistir. Hazirlanan altlik malzemeler
kesme s1visi, Kir ve toz gibi safsizliklardan arindirmak amaciyla ultrasonik banyoda etanol-aseton-saf
su karisiminda 30 dak boyunca temizlenmistir. Ardindan 80 °C sicaklikta 30 dak etiivde kurutulduktan
sonra, damlatma kaplama yoluyla ZnO NP’lerle kaplama islemi gerceklestirilmistir.

Cizelge 1. Altlik malzemelerin kimyasal kompozisyonu

Element Al \% Fe C N H (0] Ti
Miktar
(ag.%)

6,09 3,91 0,13 0,02 0,01 0,001 0,09 Kalan

Cizelge 2. Deneysel ¢aligmalarda kullanilan tornalama parametreleri

Kesme hizi, m/dak Ilerleme hizi, mm/devir ~ Kesme derinligi, mm
0,15
100 0,25 2
0,35

2.2. Karakterizasyon Calismalari

Yiizey morfolojisi ve element haritalamasi, FEI tarafindan QUANTA FEG 250 SEM ile enerji
dagilimli  X-151m1  spektroskopisi (EDS) modu kullanilarak gergeklestirilmistir. Yiizey
puriizlilliik 6l¢timleri, Mitutoyo marka Surftest SJ-210 model cihaz1 ile gergeklestirilmistir.
Yiizey piiriizlilliikk degerleri bes 6l¢glimden sonra ortalama alinarak belirlenmistir. Yiizeylerin
stereo mikroskop goriintiileri ve sertlik 6lgtimleri YAMER marka YHV-50Z dijital mikro-
Vickers sertlik test cihazi kullanilarak elde edilmistir. Sertlik degerleri {i¢ 6l¢limden sonra
belirlenmistir. Kaplamasiz ylizeylerde kaplama ¢ozeltisinin dagiliminin yiizey piiriizliiliigline
bagl olarak degisimi temas agis1 Olgiim yontemi ile gergeklestirildi. Incelemeler uygun
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maliyetli ve kullanim1 kolay yapay zeka destekli bir yontem kullanilarak gerceklestirilmistir.
Temas acist analizi i¢in damlacik goriintiileri 640x480 piksel goriintii ¢oziiniirliigiine sahip
Nikon marka D3000 model 10 MP ¢oziiniirliklii cihaz kullanilarak alinmistir. Cekimler
kontrast ve seri ¢ekim modunda yapilmistir. Kamera damlay yiizeye dik agidan gorebilecek
sekilde yerlestirildi ve fotograflar1 ¢ekilmistir. Tlim temas agilar1 oda sicakliginda (25 °C) her
damlacik i¢in 5 pL olarak ol¢iilmiistiir. Olas1 topografik homojensizlikleri hesaba katmak igin
her numune i¢in temas agisi degeri ayni numune iizerinde segilen {i¢ farkli pozisyonun
ortalamasidir. Yiizeye birakilan damlanin sag ve sol taraflarinin temas agilar1 Olgiilerek
ortalamas1 almmustir. Olgiimler Image J programinda drop analysis-LB-ADSA modunda
gerceklestirilmistir.

3. SONUCLAR VE DEGERLENDIRME

Farkl ylzey plruzlilik degerlerinde hazirlanan Ti6Al4V altlik malzemelerin kaplama sonrasi
SEM-EDS goruntileri farkh biylitmelerde olacak sekilde Gorsel 1-3'te sunulmustur. Yapilan
incelemelerde tim ylzeylerde araliksiz ve sirekli bir sekilde ZnO NP’lerle basarih sekilde
kaplama gerceklestirilmistir. ZnO NP’lerin kiiresel sekli tim yilzeylerde belirgindir. R1 kodlu
numunelerde (Gorsel 1) ZnO NP'lerin ylizeyde bazi rastgele kiimelenmis kaplama parcaciklari
olusturdugu gorilmektedir. Bu kiimelenmis parcaciklar ylizeye yapisarak diizensiz bir ylizey
morfolojisi olusturmaktadir. ZnO NP'ler yilizeyde nispeten homojen bir boyut araliginda
dagilmistir. Kiiresel sekle yakindir ve aglomerasyon diger numunelerden daha fazladir. R2 kodlu
numunelerde (Gorsel 2) belirgin sekilde kiresele yakin bir formda ZnO NP'lerin olustugu
gorilmektedir. Nano yapilarin parcacik boyutlari birbirine ¢ok yakin ve dagilimlari oldukca
homojendir. Aglomerasyonun fazla olmadigl bir kaplama gorintisi vardir. R3 kodlu
numunelerde (Gorsel 3) nanoyapilarin oldukca homojen bir dagilim sergiledigi ve kiiresel
formda oldugu goériilmektedir. Yiizeye tutunan nanoyapilarin formu yilizey purizIlGlGginin
artmasiyla degismistir. Bu, substrat ylzeyinin kaplamanin blylimesini 6nemli 6l¢lde
etkiledigini ve NP'lerin boyutunu, seklini ve dagilimini belirlemede 6nemli bir rol oynadigini
gostermektedir. Goriuntilere genis planda bakildiginda baglanmanin iyi oldugu ve kaplama
yapisinin  katmanh bir goriintiiye sahip oldugu goriilmektedir. Sonu¢ olarak, ylzey
plrizlildginin kaplama morfolojisi, boyutu ve boyut dagilimi Uzerine belirgin oranda
etkisinin oldugu soylenebilir. Purlzsiz ylzeylerle karsilastirildiginda, plrtzla yizeyler NP'lerin
yayllmasi icin daha fazla ylizey alanina sahiptir. Ylizey purizlGligi degistikce, mikro yapisal ve
ylizey bilesimindeki degisiklikler nedeniyle vyizeylerde olusan nanoyapi kiimelerinin
boyutunda, seklinde ve miktarinda degisiklikler olacagi rapor edilmistir [19-21]. Bu ¢calismadan
elde edilen sonuclara gore, ylizey purazliliginin kaplama morfolojisi, boyutu ve boyut
dagilhimi Uzerine belirgin oranda etkisinin oldugu soylenebilir.
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Cizelge 3’te farkh purizlilik degerindeki Ti6Al4V pargalarin kaplama 6ncesi ve Zencefil/PEG-
ZnO NP ile nano-dlcekte kaplama sonrasi ortalama purizlilik degerlerindeki degisimler
verilmistir. Tabloda kaplama dncesi ve sonrasi farkli purizltlik degerlerinde yarattigi farklihk %
olarak verilmistir. Althk malzemesinin farkl ylizey pirizltlik degerleri Ti6Al4V alasim ylizeyinin
farkliilerleme hizlarinda tornalanmasiyla elde edilmistir. Tornalama islemi sonrasinda ilerleme
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hizinin 0,15 mm/dev'den 0,25 mm/dev'e cikarilmasi Ra degerinde %50,46'lik bir artisa yol
acarken, 0,25 mm/dev'den 0,35 mm/dev'e ¢ikarilmasi Ra degerinde %27,76'luk bir artisa yol
acmistir. Elde edilen sonuglara gore, ilerleme hizinin artmasiyla ortalama ylizey purdzltluk
degerlerinde belirgin artislar olmustur. Nano Olgcekte gerceklesen kaplamalar ylzey
plrazlGlGgini mikrometre cinsinden azaltmisti. R1, R2 ve R3 kodlu numunelerin ylzey
plrtzlilik degerleri ZnO NP’ler ile kaplama sonrasi sirasiyla %13,836, %16,48 ve %9,65
oraninda azalma gostermistir. Kaplama sonrasi plrtzsuzliikteki artis, R1 kodlu numuneden R3
kodlu numuneyle dogru yani plrizli ylizeylere sahip pargalarda daha azdir. Yizey
plrazliligindeki azalmanin temel nedenleri kaplama malzemesi olarak nano boyutta
parcaciklarin kullanilmasi ve 6l¢ciimiin mikron olgeginde yapilmasi ile agiklanabilir.

Cizelge 3. Farkl ylizey piurtzlilik degerindeki parcalarin kaplama 6ncesi ve sonrasi
ortalama yiizey purizlilik degerlerindeki degisim

Numune Kaplamasiz ZnO NP Kaplamah o
Kodu Yiizey piiriizlilliik, pm  Yiizey piiriizliiliik, pm Farkhiik, %
R1 1,185 £0,122 1,021 £0,268 -13,83 %
R2 1,783 £0,268 1,489 +0,397 -16,48 %
R3 2,278 £0,398 2,058 £0,566 -9,65 %

Cizelge 4'te, ylizey purtzlulugu farkl olan Ti6Al4V altliklarin kaplanmamis ve Zencefil/PEG-ZnO
NP’ler ile kaplanmis makro ylizey goriintileri ve mikro sertlik 6l¢iim sonuglari gérilmektedir.
Makro ylzey gorintileri, alt tabaka purizliligindeki artisin kaplamanin makro olgekli
morfolojisini etkiledigini gdstermektedir. Ylizey topografyasindaki islemeden kaynakl oluklar
ve tepelerin rastgele dagilimi s6z konusudur. Kaplanmamis yizeylerin gorintilerinde farkh
miktarlarda ylizey plrizliligu agikca gorilmektedir. Yuzeydeki kaplamanin dagilimi, alinan
stereo mikroskop gorintilerinde goriilmektedir. Bu goriintlilerden kaplamalarin streklilik
gosterdigi, kaplama ylizeylerinde gatlak veya delaminasyona rastlanmadigi anlasiimaktadir. R1
kodlu numunede daha dar aralikli kesme cizgileri gbzlenirken, diger numunelerde daha byulk
ve keskin aralikli kesme cgizgileri gézlemlenmektedir. Optik goriintiler, isleme sonucu olusan
mikro Olcekli kanallari ve oluklari gostermektedir. Bu kesme oluklarinin sekli, boyutu ve orani,
isleme parametreleriyle ayarlanabilir. Calismamizda kullandigimiz talash imalat teknigi
yluzeydeki oluk yapisinin kontrol edilebilirligi acisindan kontrol edilebilir bir teknik niteligi
tasimaktadir. Sertlik degisimleri incelendiginde, artan ylizey puirtzlilik degeriyle sertlik degeri
de artmaktadir. Kaplama dncesi, R1 kodlu numuneden R2 kodlu numuneye sertlik degeri %5,7
artis gosterirken, R2 kodlu numuneden R3 kodlu numuneye %6 artis gostermistir. Kaplama
sonrasl tim numunelerde belirli miktarda sertlik artisi gézlenmesine ragmen, en yliksek sertlik
artisi R1 kodlu numunede belirlenmistir. Kaplama sonrasi R1 kodlu numuneden R2 kodlu
numuneye sertlik degeri %8,3 artis gosterirken, R2 kodlu numuneden R3 kodlu numuneye %3,4
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artis gdstermistir. isleme parametrelerine bagl olarak degisen yiizey bitiunligu 6zellikleri
sertlik degerinde de belirgin degisikliklere neden olabilmektedir.

Cizelge 4. Farkli ylizey puriuzliliigiine sahip numunelerin stereo mikroskop gortintiileri ve
mikro sertlik degerleri.

N;n{::::e Kaplanmamis numune yiizeyleri Kaplanmis numune yiizeyleri
Rl
= ",;ﬂ_.\. ‘c ‘-
3476 HV1
Ky
R2
376 3 HV1
R3
3806 HV1

Temas acisi (B) bir katinin bir siviyla islatilmasinin nicel olarak derece cinsinden (°) dl¢tlmesidir.
Temas agisi, sivi ve kati arasinda bulunan temas cizgisi ile kat ylizey arasinda olusan acidir. Kati
ylzey lGzerinde sivinin olusturdugu islakhgl tanimlamada temas aci degeri yardimci olur. Yizey
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plrizIlGlagu ve temas acisi arasinda gliclt bir iliski vardir [7,22,23]. Farkli ylizey purizlilak
degerlerine sahip kaplama 6ncesi ylzeylerin ve Zencefil/PEG-ZnO NP’ler ile kaplama sonrasi
Ti6Al4V alasim vylzeylerinin temas acisi 6l¢im sonuglari Cizelge 5’te verilmistir. Tim
numunelerin yiizeyinde 6lgllen temas agilari 90 ’den kii¢lik oldugu icin hidrofilik yani islanir
Ozellik gosterdigi soylenebilir. Kaplamasiz Ti6Al4V alagiminin artan ylizey pulrizltlik degeri ile
temas agisi azalmistir ve yayilim artmistir. Tim yizeylerde Ti6Al4V alagiminin temas agisl,
ylizeyin Zencefil/PEG-ZnO NP’ler ile kaplanmasi sonrasi artmistir ve sivinin kat ylizey (izerinde
yayihmi azalmistir. Artan temas agisi ile 1slanmazlik yani yiizeyin hidrofobik 6zelligi artmaktadir.
Azalan temas agisi ile islanabilme yani ylzeyin hidrofilik 6zelligi artmaktadir ve damlacigin
yayihm istegi artmaktadir. Sonug olarak; ylzey plrizlGliglu degerindeki degisim ve nano yapi
ile degisen ylizey ozellikleri ylizey temas acisi ve ylzey islanabilirligi Gzerinde belirgin bir etkiye
neden oldugu belirlenmistir.

Cizelge 5. Farkli ylizey purizliiliik degerlerine sahip kaplanmamis ve kaplanmis
numunelerin temas agisi ol¢glim sonuglari.

Numune

Kodu Kaplanmamis numune yiizeyleri Kaplanmig numune yiizeyleri

63.435 67.717

Cad

Rl

59.985

59.425 60.313

4. GENEL DEGERLENDIRME VE SONUCLAR

Farkli ylzey puruzlilik degerlerinde Ti6Al4V alasim ylizeylerinin elde edilmesi talash imalat
tekniklerinden olan tornalanma ile gergeklestirmistir. Elde edilen sonuglara gére, tornalamada
kesme parametrelerinden biri olan ilerleme hizinin arttirilmasiyla ortalama ylzey purazltlik
degerlerinde belirgin artislar gerceklesmistir. Ti6AI4V alasiminin islenmesinde de siklikla tercih
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edilen tornalama islemi, kesme parametrelerinin optimize edilmesi, boyutsal dogrulugun
saglanmasi, ylizey bitlnliginiin korunmasi ve ekonomik bir teknik olmasi agisindan biyuk
avantajlar sunmaktadir. Ti6Al4V alasim ylzeylerinin Zencefil/PEG-ZnO NP’ler ile kaplanmasi
sonrasl, degisen ylizey pirizlilGgu ile ylizey mikroyapisinda ve ylizey bilesiminde degisiklikler
olmasindan kaynakli ylizeyi kaplayan nanoyapi kiimelerinin boyutunda, seklinde ve miktarinda
degisiklikler olmustur. Zencefil/PEG-ZnO NP’ler ile kaplanmis ylzeylerin ylzey purizlilak
degerleri, kaplanmamis vylzeylere gore daha disik tespit edilmistir. Kaplama sonrasi
plrizsizlikteki degisim plrizli ylizeylere sahip pargalarda daha azdir. Kaplama sonrasi makro
ylzey gorintllerinde gatlak veya delaminasyona rastlanmamistir. Artan ylzey purizltlik
degeriyle mikrosertlik degerlerinde de artis gozlenmistir. Kaplama sonrasi mikro sertlik
degerlerinde belirgin artislar tespit edilmistir. Kaplama 6ncesi ve sonrasi temas acisi 6lcim
sonuclarina gore tim numunelerin yilzeyinde o6lclilen temas acilari 90°den kicuktir. Bu
sonuca gore tim numuneler hidrofilik yani islanir 6zellik gostermektedir. Bu sonuglar 1s1ginda,
ylzey purizlGlugl degerindeki degisim ve nano yapi ile degisen yilzey 6zellikleri ylizey temas
acisi ve ylzey islanabilirligi Gizerinde belirgin bir etkiye sahiptir.
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OZET

Bu calisma, ¢evre dostu yesil bir sentez yontemi olarak bilinen ultrason destekli bitki aracili
sentez yontemi kullanilarak Zingiber officinale (zencefil) 6ziitii ile ZnO NP'lerini basariyla
sentezlemeyi amaglamaktadir. ZnO NP'ler biyopolimerik bir matris icerisinde sentezlenmesi
icin optimizasyon ¢alismasi gergeklestirilmistir. ZnO NP'ler, hacimsel oran, PEG miktari,
sonikasyon igslem genligi ve islem siiresi parametreleri optimize edilerek bitki 6ziitii (ZO) ve
biyopolimerik (polietilen glikol, PEG) karisim matrisinde sentezlenmistir. Nihai ¢ozeltiler
optimizasyon i¢in UV-Vis ile karakterize edilmistir. Ayrica, optimum ZnO NP'ler TEM, XRD,
FTIR ve SEM gibi yontemlerle karakterize edilmistir. Analizler sonucunda, ZnO NP’lerin
biyopolimer matris igerisinde basari ile sentezlendigi ve ¢ogunun kiiresel bir morfolojiye sahip

oldugu, ortalama boyutlar1 22,17 nm ve hekzagonal wurtzite kristal yapisina sahip oldugu tespit
edilmistir.

Anahtar Kelimeler : Nanoteknoloji, biyopolimer, optimizasyon, yesil sentez.
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1. GIRIS

Cinko oksit (ZnO) nanopartikiiller (NP'ler), benzersiz kimyasal, optik ve elektronik 6zellikleri
nedeniyle onemli ilgi gormiistiir [1]. ZnO NP'leri, yiiksek yiizey alanlari iceren ve islevsel
uygulamalar i¢in uygun olan inorganik nanokristalin bir metal oksittir. ZnO NP'leri,
fotokatalizde [2], biyosensorlerde [3], giines hiicrelerinde [4] ve tibbi uygulamalarda [5]
kapsamli kullanim alani bulmaktadir. Ancak, NP'ler i¢in kimyasal ve fiziksel yollar gibi
geleneksel sentez yontemlerinde genellikle ¢evresel ve ekonomik siirdiiriilebilirlik zorluklar
ortaya ¢ikarmaktadir [6,7]. Bu baglamda, ¢evre dostu ve siirdiiriilebilir sentez yontemlerinin
gelistirilmesi biiyilk 6nem tagimaktadir. Bitki 6zleri kullanilarak yesil sentez yaklasimlari,
toksik kimyasallarin kullanimini en aza indirerek ve enerji tiikketimini azaltarak Onemli
avantajlar sunmaktadir [9,10]. Literatiirde daha 6nce yapilmis bilimsel ¢aligmalarda, farkli
ozelliklere sahip bitki ekstraktlarindan ZnO NP'ler biyosentezlenmistir [8-12]. Bitkisel yesil
sentez yonteminin NP’ler elde etmek icin kullanilmasi, ¢evreye verilebilecek olasi zarari
azaltma ve dengeleme potansiyeli nedeniyle daha giivenli ve ¢evre dostudur. Bu amagla, bu
caligmada ultrason destekli bitki aracili sentez teknigi kullanilmigtir. Ultrason destekli teknik,
sonikasyon olarak da bilinir. Bu teknikte, ultrasonik ses dalgalar1 kullanilarak ve kavitasyon
etkisiyle malzeme {iizerinde yliksek basing ve sicaklik yaratilarak nanoyapi olusumlari
gerceklestirilir [13-15]. Cesitli sentez yontemlerinde verimliligi artirmak i¢in bir yardimci
olarak tercih edilebilir [16]. Zingiber officinale, yaygin olarak zencefil olarak bilinir, tibbi ve
mutfak kullanimlari i¢in yaygin olarak taninan bir bitkidir [17,18]. Zencefil yiiksek antioksidan
icerigi ve biyolojik olarak aktif bilesikleri ile taninan bir bitkidir [19] ve bu da onu ZnO NP'lerin
yesil sentezi i¢in umut verici bir aday haline getirir.

ZnO NP'ler genis bir uygulama yelpazesi sunmaktadir ve yesil sentez yontemleriyle gevre ve
insan saghigi icin daha giivenli bir sekilde iiretilebilir. Tiim biyosistemler diizglin bir sekilde
islev gormek icin biiylik 6l¢iide antioksidanlara ihtiya¢ duyar. Ancak NP'lerin mekanizmalari
ve standardizasyon eksikligi nedeniyle daha fazla arastirma gereklidir. Sonug olarak, daha etkili
ve daha az toksik olan dogal kaynaklardan iiretilen yenilik¢i ve glivenli antioksidanlari
arastirmaya acil ihtiyag vardir. Bu ¢alismada, zencefil tozu ve PEG biyopolimer karisim matrisi
kullanilarak ZnO NP'ler i¢in yeni bir ultrason destekli bitki aracili sentez yontemi test
etmektedir. Bu ¢alismanin amaci, Zencefil/PEG karigim matrisi kullanilarak ZnO NP'ler i¢in
cevre dostu bir sentez yontemi gelistirmek ve optimize etmektir. Ek olarak, hazirlanan NP'ler,
bu yeni yontemin ZnO NP'leri i¢in geleneksel sentez tekniklerine kiyasla avantajlarin1 ve
potansiyel uygulamalarini vurgulamak i¢in ¢esitli yontemlerle karakterize edilmistir.
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2. DENEYSEL CALISMALAR

Zingiber  officinale  (zencefil) tozu Naturdan firmasindan temin  edilmistir.
Zn.(CH3CO0)2.2H20 tuzu ve PEG400 (400 kDa) sirasiyla Sigma-Aldrich ve Fluka
firmalarindan temin edilmistir.

Zencefil 6zii ZnO NP’leri indirgeyici ve stabilize edici ajan olarak kullanilmistir. Zencefil
Oziinlin hazirlanmas1 asamasinda ilk olarak zencefil tozlar1 destile su ile iki kez yikanmis ve
ardindan etiivde 8 saat siire ile 100 C’de kurutulmustur. Kurutulan tozlardan 5 g alinarak 100
mL destile su icerisine eklenmis, manyetik karistiricida 10 dak 100 rpm’de karistirdiktan sonra,
steril kap igerisinde karanlik bir ortamda sabit bir sekilde 3 giin boyunca bekletilerek 6z
olusmasi beklenmistir. Ardindan dekantasyon yapilarak, zencefil 6zii elde edilmistir.

Optimizasyon ¢alismasinda 6z/tuz orani, PEG miktari, sonikasyon islem siiresi ve genlik
miktar1 degisken olarak kullanilmistir. ZnO NP’lerin sentezi icin ilk olarak tuz ¢ozeltileri
hazirlanmistir. 0.447 g Zn.(CH3C0O)2.2H,0, 150 mL destile su igerisine eklenerek 0,01 M Zn
tuzu ¢ozeltisi hazirlanmistir, 10 dak manyetik karistiricida karigtirilmistir. 0,4 g NaOH 150 mL
destile su igerisine katilarak, 10 dak manyetik karistiricida karistirilmistir. Bitkisel sentezin ilk
asamasi olan, tuz onciileri ve bitki 6ziiniin karistirilmasi isleminde toplam hacim 45 mL olarak
sabit tutulmustur. Zencefil 6zii/tuz oraninda degisken parametreler olarak, 1:1, 1:2 ve 2:1 (v/v)
oranlar1 kullanilmistir. Ornegin, 1:1 numunesinde, 22,5 mL zencefil 6zii, 22,5 mL Zn tuzu
almarak sentez gerceklestirilmistir. Cizelge 1’de verilen farkli parametrelerde sentez
gerceklestirilmistir. Hazirlanan Zencefil 6zii/tuz ¢ozeltilerine PEG ilavesi gerceklestirildikten
sonra karistirma iglemi uygulanmistir. Ardindan sonikasyon igslemi uygulanarak ZnO NP’lerin
sentezi gergeklestirilmistir. Optimizasyon i¢in 9 numune hazirlanmistir. Hazirlanan numuneler
UV-Goriiniir Bolge spektroskopisi (UV-Vis) ile incelenmistir. Optimum parametreler
bulunarak ardindan optimum ¢6zelti olusturulmus ve diger karakterizasyon islemleri
gergeklestirilmistir.

Cizelge 1. Optimizasyon icin hazirlanan numuneler ve degisken parametreler

Numune Hacimsel oran (v/v) PEG % Genlik Zaman (dak)

1 2:1 02¢g 15 5
2 1:1 02¢g 15

3 1:2 02¢g 15 5
4 1:1 0,1g 15 5
5 1:1 0,3¢g 15 5
6 1:1 02¢g 10 5
7 1:1 02¢g 20 5
8 1:1 02¢g 15 2,5
9 1:1 02¢g 15 10
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Hazirlanan ZnO NP soliisyonunun Kkarakterizasyonu i¢in UV-Vis, X-isim1  kirinim
spektrometresi (XRD), Fourier doniisiimlii kizil Gtekisi spektroskopisi (FTIR), taramali
elektron mikroskobu (SEM) ve gegirimli elektron mikroskobu (TEM) kullanilmistir. UV- Vis
analizinde PG Instruments marka T80+ dual-beam model, XRD analizinde PANalytical marka
Empyrean model (40 kV ve 15 mA Cu-Ka 1s1n1 ile), FTIR analizinde Perkin Elmer marka

Spectrum Two model, SEM analizinde Zeiss-Sigma 300 cihazi ve TEM analizinde Hitachi
High Tech HT7700 cihaz1 kullanilmistir.

3.SONUCLAR VE DEGERLENDIRME

Optimizasyon i¢in hazirlanan 9 farkli numune UV-Vis analizi ile incelenmis ve optimum
parametreler belirlenmistir. Gorsel 1’de numunelerin analiz sonuglar1 verilmistir. UV-Vis
analizinde literatiirden de bilindigi lizere, metal/metal oksit NP’ler sekil, boyut ve dagilimlarina
gore belirgin bir yiizey plazmon davranisi sergileyerek, kirinim gosterirler. Literatiirde bitkisel
aracil1 sentez yoluyla sentezlenen ZnO NP’lerin karakteristik piklerinin 300-380 nm arasinda
olustugu bilinmektedir. Optimizasyon i¢in farkli parametrelerle hazirlanan numunelerin
gorselde verilen grafiklerde 301 nm’de pik olusturdugu goriilmektedir. Grafikler
incelendiginde 2:1, 0,2 PEG, 20 Hz ve 10 dak parametrelerinin optimum oldugu tespit
edilmistir. . Detayli olarak incelendiginde PEG katkisinin anlamli bir degisime yol agmadig,
genlik derecesi ve sonikasyon siiresinin anlamli bir etkiye sahip oldugu goriilmektedir.
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Gorsel 1. Farkl parametreler ile hazirlanan ZnO NP’lerin UV-Vis analiz sonuclar1 a) hacimsel
oran, b) PEG miktari, c) genlik, d) sonikasyon siiresi
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Zencefil/PEG-ZnO NP’lerin kristal yapilarini ve fazlarini belirlemek igin gergeklestirilen XRD
analizi sonucunda elde edilen kirinim deseni Gorsel 2’de verilmistir. XRD analizi sonucunda
(100), (002), (101), (102), (110), (103) ve (112) diizlemlerine karsilik gelen pikler tespit
edilmistir. Bu kirmnim desenleri sonosentezlenen ZnO NP'lerin hekzagonal wurtzite kristal
yapisina sahip oldugunu gdstermektedir. Gozlemlenen tepeler belirgin bir kristal yapiy1
gostermektedir ve ZnO NP'lerin kirinim deseni kart numaras1 JCPDS veri dosyasi No.36-1451
ile eslesmektedir [20]. Gorsel 2(b)’de ZnO NP’lere ait FTIR spektrumu verilmistir. Grafik
incelendiginde, 3302 nm™ titresimi hidroksil grubu (O-H titresimi) gerilme titresimleridir ve
Zencefi/PEG karisim matrisinden kaynaklanan su veya fenolik bilesiklerin varligini
gostermektedir. 1635 nm? (C=0) gerilme titresimleri Zencefil tozu oziitlerindeki
flavonoidlerin karbonil gruplarin1 gostermektedir. 667 nm™ ve 416 nm™'e karsilik gelen pikler
Zn-O baglarinin varhigini gosteren karakteristik piklerdir [21,22].
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Gorsel 2. ZnO NP’lerin a) XRD spektrumu ve b) FTIR spektrumu

Optimum sartlar ile sentezlenen ZnO NP'lerin sekil ve boyut incelemeleri i¢in SEM ve TEM
analizi incelemeleri gerceklestirilmistir. Gorsel 3’te sonokimyasal sentezden sonra
Zencefil/PEG biyopolimer matrisiyle stabilize edilmis ZnO NP'lerin SEM goériintiisiinde,
cogunlukla kiiresel olan ve bazilar diizensiz sekilli olan nano boyutlu parcaciklar acikca
goriilmektedir. TEM gorintiilerinde ZnO NP'lerin varligi koyu renkli noktalar ile kendini
gostermektedir. ZnO NP'lerinin Zencefil/PEG biyopolimer karisim matrisinde oldukca
homojen bir dagilim sergiledigi, yliksek oranda kiiresel bir morfolojiye sahip oldugu ve
boyutlarinin yaklagik olarak 30 nm’nin altinda oldugu goriilmektedir. Bitkilerin yapisinda
bulunan metabolitler nedeniyle stabilizasyon kapasitesinin NP’lerin bagarili sekilde
sentezlenmesi i¢in kullanildig1 ¢aligmalar literatiirde yaygindir. Benzer sonuglar litetariirde
goriilmiistiir [10]. Bu da sonokimyasal yontem ile iiretimin basarili oldugunu gostermektedir.
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Gorsel 3. Sonokimyasal yontemle sentezlenen optimum ZnO NP’lerin a) SEM ve b)
TEM goriintiileri

4. GENEL DEGERLENDIRME VE SONUCLAR

Bu calisma, c¢evre dostu bir yesil sentez yontemi kullanarak Zingiber officinale tozlari
kullanarak ZnO NP'leri sentezlenmistir. ZnO NP'leri, UV-Vis spektrumunda 301 nm'de belirgin
bir pik gostermigtir. XRD analizi, ZnO NP’lerin wurtzite kristal yapida oldugunu
gostermektedir. FTIR spektrumu, 667 cm™ ve 416 cm "'de ZnO NP'lerin karakteristik piklerle
basarilt Zn-O bagi olusumunu kanitlamaktadir. Yesil sentez i¢in bitki 6zlerinin kullanimi,
NP'lerin sentezi i¢in ¢evre dostu, basit ve etkili bir yol saglamaktadir. Bitki 6zleri kullanilarak
ZnO NP'lerinin biyolojik sentezi, ZnO NP'lerinin {iretimi i¢in oldukga etkili, hizli ve ¢ok yonli
bir yaklasimi temsil eder. Calismada basarili olarak sentezlenen ZnO NP’lerin gelismis
uygulamalar i¢in test edilmesi onerilmektedir.
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Ozet

Bu kurgusal olgu sunumu, akut koroner sendrom tanis1 almis bir hastanin, zamaninda yapilmast
gereken miidahaleyi reddederek etik bir ikilem olusturdugu durumu incelemektedir. 31
yasindaki hasta, ilk bagvurusunda acil servis ekipleri tarafindan degerlendirildikten sonra,
kardiyolojik tetkikler ve yiiksek troponin seviyesi ile STEMI tanis1 almistir. Ancak, hasta sevk
edilmesini reddetmis ve tedaviye baslanmadan hastaneden kendi istegiyle ayrilmistir. Saatler
sonra, hastanin acil servise yeniden bagvurusu iizerine yapilan CPR islemleri de sonugsuz
kalmis ve hasta hayatini kaybetmistir. Jonsen metoduna dayanarak yapilan etik analizde,
hastanin 6zerkligi ile saglik profesyonellerinin sorumluluklar1 arasindaki denge ele alinmis ve
zamaninda yapilmayan midahale ile 6liim arasindaki iligki tartisilmistir. Etik sorunlar,
profesyonel sorumluluklar, hasta haklari ve acil tip etik ilkeleri baglaminda ele alinarak, saglik
profesyonellerinin bu tiir durumlarla karsilastiklarinda nasil bir karar verme siireci izlemesi
gerektigi ortaya konmustur.

Bu calisma, saglik profesyonellerinin etik kararlar alirken dikkate almalar1 gereken faktorleri
ve saglik hizmetlerinde etik yaklagimin 6nemini vurgulamaktadir.

Anahtar Kelimeler: Saglikta Etik Ikilemler, Etik Ilkeler, Jonsen metodu, Klinik etik karar
verme, Acil servis

GIRIS

Bu ¢alisma, kurgusal bir olgu lizerinden akut koroner sendrom nedeniyle acil servise bagvuran
bir hastanin etik karar verme siirecini incelemektedir. 31 yasindaki erkek hasta, 20.01.2024
tarihinde sol kolda uyusma ve sol gogiis agris1 sikayetleriyle acil servise basvurmus, yapilan
muayene ve tetkiklerde ST elevasyonlu miyokard infarktiisii (STEMI) tanis1 konmustur. Ancak,
hasta sevk edilmek istememis ve tedaviye devam etmeme karari alarak kendi istegiyle acil
servisten ayrilmistir. Saatler sonra hastanin fenalagmasi {izerine tekrar acil servise bagvurmus
ve yapilan kardiyopulmoner resiisitasyon (CPR) islemlerine ragmen hasta hayatini
kaybetmistir.

Bu olgu, hastalarin etik kararlar alma siirecinde saglik profesyonellerinin karsilastig1 zorluklar
ve zamaninda miidahalenin 6nemini vurgulamaktadir. Johnsen metoduna goére, bu olgu
lizerinden yapilan etik analizde hasta haklari, profesyonel sorumluluklar ve etik ilkeler 15181nda
karar verme siirecinin detayli bir sekilde ele alinmasi hedeflenmistir.
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AMAC
Bu olgunun amaci, akut koroner sendrom (AKS) ve miyokard infarktiisii (MI) gibi kardiyak
acil durumlarin hizli tanm1 ve miidahalesinin 6nemi ile hastanin tedaviye uyumunun hayati
onemdeki sonuglar iizerindeki etkisini incelemektir. Ozellikle, hastanin tedaviye uyumsuzlugu
ve kendi istegiyle hastaneden ayrilmasi sonucu gelisen 6liim riski, acil servislerde karsilasilan
etik ikilemler ve zamanin ne kadar kritik olduguna dikkat cekmeyi hedeflemektedir.
MATERYAL VE METOD

Bu vaka, Jonsen Metodu kullanilarak etik bir agidan incelenmistir. Jonsen Metodu, saglik
profesyonellerinin, hasta bakimindaki etik ikilemleri ¢6zme siirecinde kullanilan dort temel etik
ilkeye dayanmaktadir: 6zerklik, zararin 6nlenmesi, iyilik yapma ve adalet. Bu ilkeler, vakada
karsilasilan etik sorunlar1 degerlendirmek i¢in temel bir rehber sunmaktadir.

Hasta Bilgisi:

Hasta, 31 yasinda erkek olup 20.01.2024 tarihinde saat 18:10°da sol kol uyusmas1 ve sol gogiis
agrisi sikayeti ile acil servise bagvurmustur. Hasta, 10 giin 6nce anjiyo gegirdigini ve miyokardit
oykiisii oldugunu Ecopirin 100 mg kullandigini belirtmistir.

Vital Bulgular:
Tansiyon: 148/89 mmHg

Nabiz: 85 atim/dakika

Solunum: 20 atim/dakika

Oksijen Satiirasyonu: %98

Laboratuvar Bulgular:

WBC: 16.05 mm3 Glukoz: 127 gr/dL

RBC: 4.78 Ure: 27 mg/dL

HGB: 15.9 Kreatinin: 1.1 mg/dL

Troponin: 45 AST:16 IU/L ALT:291U/L
Tedavi ve Miidahale:

Hastadan kan 6rnegi alinmis, EKG ¢ekilmis ve ST elevasyonlari tespit edilmistir. Kardiyoloji
konsiiltasyonu istenmis, ancak hasta sevk edilmek istememis ve tedaviye baslamadan
hastaneden ayrilmistir. Saat 22:23°te hasta evdeyken fenalagmis, acil servis ekibi tarafindan
CPR uygulanmis ve defibrilasyon yapilmistir. Uygulanan tedavilere ragmen hasta, 1 saat 40
dakika siiren miidahalelere ragmen yasamini yitirmistir.

Olgu ve Etik Problemler (Jonsen Metodu Uygulamasi)

1. Fakat Ne Oldu? (What Happened?)

Hasta, acil servise sol kol uyusmasi ve gogiis agrisi sikayetiyle basvurmus, yapilan EKG ve
laboratuvar testleri akut koroner sendrom ve miyokard infarktiisii (STEMI) siiphesini
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dogrulamistir. Erken tan1 konmus, ancak hasta tedaviye baslamadan kendi istegiyle hastaneden
ayrimstir.

Daha sonra hasta evde fenalagsmis ve kardiyopulmoner resiisitasyon (CPR) uygulandiktan sonra
acil servise getirilmis, ancak yapilan miidahalelere ragmen hayatin1 kaybetmistir.

2. Hangi Degerler Etkileniyor? (What Values Are at Stake?)

Ozerklik: Hasta, kendi tedavi kararlarmi verme hakkina sahiptir. Ancak, bu hak dogru
bilgilendirilmis kararlar ve profesyonel rehberlik ile desteklenmelidir.

Zararm Onlenmesi: Erken miidahale ile hastamin hayatta kalma sansmin artirilmasi
gerekiyordu. Hastanin tedaviye uyumsuzlugu, hayatin1 kaybetmesine yol agti.

Adalet: Saglik hizmetlerinin esit ve etkili bir sekilde verilmesi gerekir. Acil serviste saglik
hizmeti profesyonellerinin, hastalarin saglik kararlarini dogru yénlendirme sorumlulugu vardir.
3. Alternatif Coziimler Nelerdir? (What Are the Possible Alternatives?)

Alternatif 1: Saglik profesyonellerinin hastay1 ikna etmeye devam etmeleri ve acil tedaviye
yonlendirmeleri.

Alternatif 2: Hastanin tedaviye devam etmesini saglamak igin ailesinin miidahalesiyle
yonlendirme yapmak.

Alternatif 3: Hastanin tedaviye uyumsuzluguna ragmen, tiim tibbi risklerin ve sonuglarin daha
net bir sekilde anlatilarak, hastanin kararina saygi gosterilmesi.

4. En Uygun Karar Ne Olabilir? (What Is the Best Course of Action?)

En uygun karar, saglik profesyonellerinin hastaya tiim riskleri ve tedavi segeneklerini ayrintili
sekilde agiklayarak, tedaviye katilimi tegvik etmeleri olmalidir. Ayn1 zamanda, hastanin ve
ailesinin psikolojik destek almasi, hastanin tedaviye olan giivenini artirabilir. Hastanin kararina
saygl gosterilse de her iki taraf da en iyi sonuglari almak adina daha fazla bilgiyle
yonlendirilmelidir.

5. Karar Sonuclari Ne Olacaktir? (What Will the Consequences of the Decision Be?)
Alternatif 1 ile hastanin tedaviye devam etmesi saglanmis olsaydi, erken miidahale ile hastanin
hayatta kalma sans1 artabilirdi.

Alternatif 2 ile ailesinin etkisiyle hastanin tedaviye ikna edilmesi, daha saglikli bir sonug
dogurabilirdi.

Alternatif 3 ise hastanin kararia saygi gosterilmesine ragmen, tedavi siirecinin gecikmesi ve
sonugta 6liimle sonuglanan vakaya neden olmustur. (Birden,2024)

SONUC

Bu kurgusal vaka, erken teshis ve miidahalenin ne kadar kritik oldugunu vurgularken, saglik
profesyonellerinin hasta kararlarin1 nasil yonlendirmeleri gerektigi konusunda énemli bir etik
ikilem ortaya koymaktadir. Johnson Metodu ¢ergevesinde, hastanin 6zerklik hakki (autonomy),
zararin Onlenmesi gerekliligi (non-maleficence), iyilik yapma (beneficence) ve adalet (justice)
ilkeleri dengelenmeye calisilmaktadir. Vaka, zamaninda dogru miidahalelerin yapilmasinin
hayatta kalma sansin1 artiracagina dikkat ¢ekerken, ayni zamanda hastanin ve ailesinin dogru
bilgi ile karar alma hakkinin da g6z Onilinde bulundurulmasi gerektigini
gostermektedir.(Aydin,2003)
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[lk olarak, hastanin tedavi siirecine katilimi ve rizasi, saglik profesyonellerinin etik
sorumluluklarini yerine getirmeleri agisindan Onemlidir. Hasta, tedaviye baslamak ve sevk
edilmek konusunda kararini verirken, 6zerklik ilkesi dogrultusunda, tiim riskler ve segenekler
kendisine agik bir sekilde anlatilmalidir. Ancak, hastanin tedaviye baslamayi reddetmesi,
zararin 6nlenmesi ilkesini zorlarken, profesyonellerin hastanin hayatta kalma sansin1 artirmak
icin miidahale etme sorumlulugunu ortaya ¢ikarir.

Bununla birlikte, iyilik yapma (beneficence) ilkesine gore, saglik profesyonellerinin hastanin
iyiligi dogrultusunda hareket etmeleri gerekmektedir. Bu durumda, hastanin tedaviye baglama
isteksizligi, iyilik yapma ilkesinin ihlaline yol agmaktadir. Ciinkii profesyoneller, hastanin
sagligin1 ve hayatta kalma sansini en iist diizeye ¢ikarmak adina gerekli miidahaleleri
yapmalidir.  Ancak, hastanin tedaviye rizasinin olmamasi, bu miidahalelerin
gerceklestirilmesini zorlastirmigstir ve sonug olarak 6liimle sonug¢lanan ciddi bir durum meydana
gelmistir.

Ayrica, hasta ve ailesiyle yapilan etkili iletisim, karar verme siirecinin en kritik asamalarindan
biridir. Saglik profesyonellerinin dogru bilgi vererek, hastanin riskler hakkinda bilingli kararlar
almasin1 saglamak, tedaviye uyum agisindan Onemli bir adimdir. Bu vaka, saglik
profesyonellerinin, zamaninda ve dogru miidahale yaparak, adalet ilkesini de goz Oniinde
bulundurmasi gerektigini ortaya koymaktadir. Yani, hastalarin tedavi siireglerine adil bir
sekilde katiliminin saglanmasi, her bireye esit ve adil saglik hizmeti sunulmasi agisindan biiyiik
onem tasimaktadir (D6nmez ve ark.,2022).
Sonug olarak, Johnson Metodu’nu kullanarak yapilan bu etik analiz, hasta 6zerkligi, zararin
onlenmesi, iyilik yapma ve adalet ilkelerinin nasil dengelenmesi gerektigini anlamamiza
yardime1 olmakta; ayni1 zamanda saglik profesyonellerinin karar siireglerinde etkili iletisimin
onemini vurgulamaktadir. Etkili iletisim ve dogru bilgi ile oOnlendirilen kararlar, dogru
miidahalelerin yapilmasini ve hastanin hayatta kalma sansinin artmasini saglayabilir. Bununla
birlikte, saglik profesyonellerinin hastalarin iyiligini her zaman goézetmeleri ve gerektiginde bu
ilkeyi savunmalari biiyiik bir 6nem tagimaktadir.
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UNIVERSITE CALISANLARINDA KARDIiYOVASKULER HASTALIK RiSK
FAKTORLERI BILGI DUZEYININ BELIRLENMESI

Gamze Aybiike YALCIN
Erzurum Teknik Universitesi,

gamzeaybukekaraca@gmail.com -ORCID:0000-0001-5199-5990

Niliifer YILDIRIM
Erzurum Teknik Universitesi

niluferqulten@gmail.com-ORCID:0000-0001-8851-7044

OZET

Bu ¢aligmanin amaci liniversitede ¢aligan eriskinlerde kardiyovaskiiler hastaliklar risk faktorleri
bilgi diizeyinin belirlenmesidir. Arastirma, kesitsel tipte bir arastirmadir. Calismaya bir
iiniversitenin personeli olan, gérme, isitme, biligsel ve mental sorunu olmayan, calismaya
katilmaya goniillii olan bireyler dahil edilmistir. Arastirmaya 250 kisi katilmigtir. Arastirma bir
iiniversitede 1 Subat 2022-13 Eyliil 2024 tarihleri arasinda gerceklestirilmistir. Arastirma
kapsaminda veri toplama araclar1 olarak Tanitici Bilgi Formu, Beslenme Soru Formu ve
Kardiyovaskiiler Hastaliklar Risk Faktorleri Bilgi Diizeyi Olgegi kullanilmistir. Katilimeilarin,
%76.8°1 40 yas ve altindadir, %63.2’si erkektir ve %70°1 evlidir. Katilimcilarin yas ortalamasi
36.22+7.10, olup BKI 26.25+7.76, boy 171.06£10.01 ve kilo 76.20£13.45’dir. Katilimcilarin
%52.8’1inin geliri giderine denktir, %88.4’linlin kronik bir hastaligi yoktur ve olanlarinda
%17.21’inde diabetes mellitus vardir. Kardiyovaskiiler Hastaliklar Risk Faktorleri Bilgi Diizeyi
puan ortalamasi1 farki akademik ve idari personel arasinda istatistiksel olarak anlamlidir.
Akademik personelin puan ortalamasi daha yiiksektir. Egitim diizeyi, gelir diizeyi, sigara
kullanma ve aile saglik calisan1 olma durumuna gore Kardiyovaskiiler Hastaliklar Risk
Faktorleri Bilgi Diizeyi dlgek toplam puan ortalamasi fark: istatistiksel olarak anlamlidir.
Katilimeilarin  kardiyovaskiiler hastalik riskine dair bilgileri orta diizeyde bulunmustur.
Aragtirma sonuglari, katilimeilar kardiyovaskiiler risk faktorleri konusunda yeterli bilgiye sahip
olmadiklarii gostermistir. Katilimeilarin, kalp sagligi icin 6nemli olan risk faktorleri hakkinda

farkindalik diizeyleri sinirlidir.

Anahtar Kelimeler: Bilgi, Kardiyovaskiiler Hastalik, Risk Faktorleri
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AILE SAGLIGI MERKEZIi CALISANLARININ SAGLIKTA SiDDETE MARUZ
KALMA DURUMLARI VE ILETiSIM BECERILERININ BELIRLENMESI

Nedim ERSOY
Erzurum Teknik Universitesi,
nedimersoy@gmail.com-ORCID:0000-0003-2973-5177
Niliifer YILDIRIM
Erzurum Teknik Universitesi
nilufergulten@gmail.com-ORCID:0000-0001-8851-7044
OZET

Siddet toplumun genelinde oldugu gibi aile sagligi merkezi ¢alisanlari i¢in de dnemli bir halk
saglig1 problemidir. Bu ¢alisma aile sagligi merkezlerinde calisan saglik calisanlarinin siddete
maruz kalma durumlarini, iletisim becerileri ile siddete maruz kalma arasinda iliski olup
olmadigi, bir iligki var ise iliskinin yoniine uygun olarak strateji ve Oneriler gelistirmek
amaglanmistir. Erzurum ili merkez aile sagligi merkezlerinde gorev yapan ve g¢alismaya
katilmay1 kabul eden 214 kisi calismaya dahil edilmistir. Verilerin toplanmasinda tanitic1 bilgi
formu, siddet sorular1 ve saglik ¢alisanlarinin iletisim becerileri 6lgegi formu kullanilmistir.
Formlar saglik ¢alisanlar1 tarafindan yiiz yiize goriisme sirasinda doldurulmustur. Calismada
aile saglig1 merkezi ¢alisanlarinin %89.7’s1 siddete maruz kaldigini, siddet tiirliniin ise sirasiyla
sozel siddet %52.79, psikolojik siddet %29.61, fiziksel siddet %10.06, ekonomik siddet %5.87
ve cinsel siddet %1.68 oldugu belirlenmistir. Maruz kalinan siddet sonrasi saglik ¢alisanlarinin
%71,1°1 sikayet¢i olmamistir ve sikayet¢i olmama nedeni olarak en fazla %41.70’le sikayetei
olsam da faydas1 olmayacagini diisiindiigiinti belirtmis. Saglik ¢alisanlarinin iletisim becerileri
toplam ortalamasi 92.69+12.67 puan olarak belirlenmistir. Saglik calisanlarinin iletisim
becerilerine baktigimizda empati alt boyutundan 26.52+4.08, bilgilendirici iletisim alt
boyutundan 31.69+4.43, saygi alt boyutundan 16.224+2.47, sosyal beceri alt boyutundan
18.26+3.57 puan ortalamasi aldig1 goriilmektedir. Saglik ¢alisanlarina siddet calismalar fazlaca
yapilsa da aile saglig1 merkezleri bu konuda ihmal edilmistir. Aile saglig1 merkezinde ¢alisan
saglik calisanlarinin biiyiik kismi siddet gormektedir. Saglik calisanlarinin iletisim becerileri

ortalamasi yiiksek bulunmustur. Siddet ile iletisim becerileri iligkisi anlamli bulunmamustir.

Anahtar Kelimeler: Aile Sagligi Merkezi, Iletisim Becerileri, Saglikta Siddet
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ONKOLOJi HASTALARINDA BIREYSEL DiJIiTAL TEKNOLOJi KULLANIMININ
SEMPTOM YONETIMINE ETKIiSi

Aras. Gor. Dr., SEMRA SEYHAN SAHIN
Nevsehir Hac1 Bektas Veli Universitesi, Semra ve Vefa Kiigiik Saglik Bilimleri Fakiiltesi,

Hemsirelik Boliimii

semraseyhan06@gmail.com- 0000-0003-1849-788X

OZET

Onkoloji hastalarinda dijital teknolojilerin web destekli ya da mobil uygulamalarinin kullanimi
kiiresel diizeyde giderek artan bir sekilde yayginlagmaktadir. Bu teknolojiler 6zellikle semptom
raporlama gibi uygulamalar yoluyla hastalarin, hastalikla ilgili deneyimlerini ve bu siiregte
kendi yasadiklar1 ortamlarda hastalik ya da tedaviye bagli semptomlar1 bildirmelerine firsat
tanimaktadir. Ayrica bireysellestirilmis dijital teknoloji uygulamalariyla hastalar tarafindan
raporlanan semptomlarla iliskili olarak uygun bakim ve tedavinin belirlenerck gerekli
planlamanin yapilmasina olanak saglamaktadir. Bu uygulamalar; hastalik ve tedavi siirecinde
bireyin yasadigr semptomu bildirmesi yoluyla hizli ve etkili degerlendirme yapilmasi ve
semptom yOnetimine katki sagladigi i¢in hasta konforunu saglamakla birlikte saglik sistemi ve
saglik profesyonelleri i¢in de cesitli kolayliklar sunmaktadir. Bu calisma ile onkoloji
hastalarinin bireysellestirilmis dijital teknoloji uygulamalar1 kullanimi yoluyla semptom
yonetimine etkisi ele alinmistir.

Anahtar Kelime: Dijital teknolojiler, Hemsirelik, Onkoloji hastalart
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ONKOLOJi HASTALARINDA BIREYSEL DIiJITAL TEKNOLOJI
KULLANIMININ SEMPTOM YONETIMINE ETKIiSI

Onkoloji hastalarinda dijital teknolojilerin web destekli ya da mobil uygulamalarinin kullanimi
kiiresel diizeyde giderek artan bir sekilde yaygmlagsmaktadir. Giintimiize kadar onkoloji
hastalarin deneyimledikleri semptomlart degerlendiren ¢esitli degerlendirme araglar1 ve
yontemler bulunmaktadir. Bu amagla en ¢ok Olgekler, hasta goriismeleri ve formlar
kullanilmaktadir. Fakat son yillarda hastalarin sahip olduklar1 semptomlarmn bildirilmesinde,
web destekli ya da mobil uygulamalarin kullanimi giindeme girmistir [1]. Bu uygulamalar;
hastalik ve tedavi siirecinde bireyin yasadigi semptomu bildirmesi yoluyla hizli ve etkili
degerlendirme yapilmasi ve semptom yoOnetimine katki sagladigi icin hasta konforunu
saglamakla birlikte saglik sistemi ve saglik profesyonelleri icin de c¢esitli kolayliklar
sunmaktadir. Ayrica bireysellestirilmis dijital teknoloji uygulamalariyla hastalar tarafindan
raporlanan semptomlarla iligkili olarak uygun bakim ve tedavinin belirlenerek gerekli
planlamanin yapilmasina olanak saglamaktadir. Béylece semptom raporlama gibi uygulamalar
yoluyla hastalarin, hastalikla ilgili deneyimlerini ve bu siiregte kendi yasadiklari ortamlarda
hastalik ya da tedaviye bagli semptomlar1 bildirmelerine de firsat tanimaktadir [1,2].

Dijital teknoloji temelli programlar veya uygulamalarla hastalar tarafindan semptomlarin
kaydedilmesi “‘elektronik semptom raporlama” ya da “semptom raporlama” olarak
adlandirilmaktadir. Raporlanan bu semptomlarin ise ilgili saglik profesyonellerince
degerlendirilmesiyle hastaya uygun bakim ve tedavilerin belirlenmesi “semptom izlem
siireci”dir [1,3]. Tedavi planina uygun olarak hastamin deneyimledigi bu semptomlarin ne
siklikta gerceklestigini, siddetini veya semptomun baska 6zelliklerini ve bunlara bagl olarak
ortaya ¢ikan sorunun ne oldugunu ve kendisini nasil etkiledigini giinliik ya da haftalik olarak
sistematik bir sekilde bildirebilir. Boylece raporlanan semptomlarla veriler daha giivenilir olarak
elde edilebilmektedir. Bu durum bakim ve tedavi planinin objektif bir sekilde belirlenmesini
saglar [1,3,4,5].

Onkoloji hastalar1 tarafindan bireysel dijital teknoloji araglari olarak genellikle sanal gergeklik,
mobil uygulama temelli teknolojiler, tele-saglik hizmetleri ve giyilebilir sensor teknolojiler
kullanilmaktadir. Sanal gergeklik teknolojisine dayali sistemler, bilgisayar teknolojisi yoluyla iig
boyutlu simiilasyondan olusur. Algilanan sanal ortamda hastalar isitsel, dokunsal ve gorsel geri
bildirim alabilmektedir. Son teknolojik gelismeler ve uygulamalarla birlikte, saglik alaninda ve
kanserle iligkili semptomlarin kolaylikla yonetilmesinde invaziv olmayan yaklagimlar sunmada
onemli faydalar saglar [5,6]. Mobil uygulama temelli teknolojiler ise daha ¢ok tablet ve akill
telefonlar ile kanser hastalarma duruma yonelik bilgi ve egitim verme yoluyla rehberlik
saglayabilir [6,7,8]. Hastalarm ihtiyaglarina gére bu bilgiler kisisellestirilebilir; 6rnegin hastaya
uygun bir egzersiz sekli Onerebilir veya 6z-yonetimle ilgili tavsiyelerde bulunabilir. Bu
uygulamalarm bireyler igin fiziksel aktivite hatirlatici programlarinin olmasi ve hastalarin
duygusal zorluklarla bas etmelerini desteklemek i¢in kullanilmaktadir [5,6,7].

Tele-saglik hizmetleri, saglik uygulamalar1 sunumunda son zamanlarda kullanimi artan bir
teknolojik yontemdir. Bu yaklasimda internet uygulamalari ve video konferans gibi teknolojiler
yoluyla hastalarin diyet danismanligi, egzersizlerinin takibi, psikolojik destek ve gesitli bakim
hizmetlerine ulagmalar saglanir [8,9]. Giyilebilir teknolojiler ise cep telefonu teknolojisi ve akilli
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saatler gibi cihazlardan tiiretilmektedir ve hastay1 uzaktan izlemeye olanak saglar. Bununla
birlikte veriler dijitallestirilerek kaydedilebilmektedir. Siirekli glikoz monitorlerinden,
otoskoplardan, Kardiyak ritim monitorlerinden, nabiz oksimetrelerinden gerekli veriler elde
edilir [5,10].

Dijital temelli teknolojilerin bireysel kullanimin onkoloji hastalarinda semptom yo6netimine
olumlu etkisi oldugu literatiir tarafindan desteklenmektedir [8,9,10]. Yapilan galismalarda
[9,11,12,13] hastalarm semptom siddetinin azaldigi, hastane yatisinin ve acil servise
bagvurmanin azaldifi, hastalarn yasam kalitesinin arttifi, tedavi uyumunun arttig
belirtilmektedir. Ancak tiim bu avantajlara ragmen bu teknolojilerin baz1 hastalarin kullaniminda
cesitli zorluklar ve sinirlamalar bulunmaktadir [5]. Teknolojik temelli uygulamalar sirasinda,
bazi teknik sorunlar, internet baglantis1 problemleri veya teknolojik cihazlarda sorunlar meydana
gelebilmektedir. Ayrica bu teknoloji ve cihazlara erigsimde altyapi ve ekipmana sahip olmayan
hastalarin uygulamalardan faydalanmasi miimkiin olmayabilir. Boylece hastalarin tedaviye
erisimi konusunda esitsizlik yaratabilir. Ayrica bu uygulamalar 6zellikle ileri yastaki hastalar,
fiziksel-biligsel engeli olan bireyler ve saglik okur-yazarhgi diisiik olan bireylerde kullamm
zorlugu olabilmektedir. Cok farkli igeriklerde kullanimi ve teknolojik tasarima yonelik sorunlar
da kullanim kolayligi bakimindan zorlayici faktorlerdendir [1,5].

SONUC VE ONERILER

Bireysel dijital teknoloji kullaniminin semptomlari iyilestirmek amaciyla gesitli avantajlari
bulunmaktadir. Bu uygulamalar, hastanin 6zel ihtiyaglarma ve tedaviye gosterdigi tepkiye gore
bireysellestirilebilir. Ayrica, dijital teknoloji uygulamalarinin kullanimi hastalarin evde tedavi
alarak konforu ve yasam kalitesini ytikseltir. Tiim bu temel nedenlerden dolayi, basta semptom
yonetimi olmak tizere diger tiim Olgiitler iizerine olumlu etkileri dikkate almarak onkoloji
hastalarinda kullanimi arttirilmalidir. Bu amag dogrultusunda teknolojik uygulamalarin ve
cihazlarm kullamminin Kolay olacak sekilde tasarlanmasi giincel 6zelliklere sahip olmasi
onemlidir.
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OZET

Giiniimiizde oksidatif stresle iligkili hastalik risklerinin artmasi1 ve antibiyotik direnci gibi
kiiresel saglik sorunlari, ciddi endise kaynagidir. Oksidatif stres, hiicresel metabolizma
sirasinda  olusan reaktif oksijen tiirlerinin artist (ROS) ile onlart detoksifiye eden,
antioksidanlarin yetersizligi sonucu oksidatif dengenin bozulmasidir. Viicudumuzun serbest
radikaller tarafindan olusturulabilecek oksidatif stresi ortadan kaldirmak i¢in en énemli silah1
ise antioksidanlardir. Antioksidanlar, serbest radikalleri temizleyebilir ve hiicre hasarini
engelleyebilirler. Glutatyon (GSH) hiicre igerisinde bir tripeptid olarak sentezlenmektedir.
GSH’ 1n yapisinda glutamik asid, sistein ve glisin aminoasidleri bulunur. GSH nerdeyse biitiin
okaryotik hiicrelerde sentezlendiginden dolayi, hiicrelerde yiiksek oranda bulunur. Bir
antioksidan olarak hareket eden GSH’ in 6nemli gorevleri vardir. Hiicrenin redoks durumunu
korumada, detoksifikasyon sisteminin ¢alismasinda, eikosonoidlerin sentezlenmesinde, hiicre
sinyal mekanizmasinin diizenlenmesinde, gen ekspresyonunda ve apoptozisde de antioksidan
olarak gorev alir. GSH, NADPH’1 kullanarak hiicrelere indirgeyici giic saglamaktadir. Bu
sayede, hiicrenin okside-rediiksiyon dengesinde onemli bir rol oynamaktadir. Bitkilerde
oksidatif strese karsi koruyucu rolii olan en Onemli metabolitlerden biride GSH’dur.
Antioksidan kapasiteleri nedeniyle arastirmalarda biiyiik ilgi goren briyofitlerin GSH ve GSSH
icerikleri ile ilgili g¢alismalar Tiirkiye’de olduk¢a azdir. Briyofitlerin GSH ve GSSH
iceriklerinin belirlenmesi ve Oneminin anlagilmasi adina daha c¢ok calismaya ihtiyag
duyulmaktadir. Bu amag dogrultusunda gergeklestirilen ¢alismada, Brachythecium rutabulum
ve Barbilophozia barbata briyofit tiirlerinin indirgenmis glutatyon (GSH) ve yiikseltgenmis
glutatyon (GSSG) miktarlari, Yiiksek Performansli Sivi Kromatografisi (HPLC) ile
belirlenmistir.

Anahtar Kelimeler: Brachythecium rutabulum, Barbilophozia barbata, GSH, GSSG,
Oksidatif stres, Briyofit.

GIRIS
Dis orbitallerinde bir veya daha fazla eslenmemis elektron iceren yiiksek enerjili, stabil

olmayan bilesikler, serbest radikaller olarak adlandirilir. Bu eslenmemis elektronlar, serbest
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radikallere 6nemli reaktiflik 6zellik saglayarak protein, lipid, DNA ve niikleotid koenzimler
gibi bir¢ok biyolojik materyale zarar vermelerine neden olmaktadir. Bu zararin yaglanmaya etki
ettigi ve ayrica kalp-damar hastaliklari, ¢esitli kanser tiirleri, katarakt, bagisiklik sisteminde

zayiflama, sinir sistemi dejeneratif hastaliklar1 gibi bir¢ok hastaliga sebep olduguna dair bilgiler

bulunmaktadir (Diplock, 1998; Shinde ve ark., 2012).

Serbest radikallerin diisiik konsantrasyonlarda yararli etkileri oldugu bildirilmistir. Diisiik
konsantrasyonlardaki serbest radikaller; enfeksiyonlara karsi savunma, kanser hiicrelerinin
oldiirtilmesi ve ksenobiyotiklerin detoksifikasyonu gibi savunma fonksiyonlartyla birlikte
intraselliiler depolardan kalsiyum salinimi, tirozin amino asidini fosfatlama aktivasyonu ve
biiyiime faktorii sinyallerinin aktivasyonu gibi hiicresel sinyallerin aktivasyonunda rol
oynamaktadir. (Bagchi ve Puri, 1998; Cadenas, 1989; Nagendrappa, 2005; Pham-Huy ve ark.,
2008; Sarma ve ark., 2010).

Insan viicudunun serbest radikaller tarafindan olusturulabilecek oksidatif stresi ortadan
kaldirmak i¢in en 6nemli silah1 antioksidanlardir. ROS olusumunu engellemek, bu maddelerin
meydana getirdigi hasarlar1 6nlemek ve detoksifikasyonu saglamak iizere viicutta gorev yapan
savunma sistemlerine “antioksidan savunma sistemleri” ya da “antioksidanlar” adi verilir
(Sener ve Yegen, 2009; Sen ve Ark., 2010). Antioksidanlarin rolleri arasinda serbest
radikallerin fazlasini etkisizlestirmek, serbest radikallerin toksik etkilerine karsi hiicreleri

korumak ve hastaliklar1 dnlemede katki saglamak sayilabilir (Pham-Huy ve ark., 2008).

Briyofit terimi, birbiriyle yakin iligskili ti¢ grup; cigerotlari, karayosunlari ve boynuzlu
cigerotlari i¢in kullanilir. (Gradstein ve ark., 2001; Crum, 2001; Glime, 2007). En ilkel bitki
gruplarinin yasayan temsilcileri olan biryofitlerin, ¢6llerden tundralara oldukca genis bir yasam
arali@1 ve substrat tercihleri vardir. Agag, kaya, toprak gibi bilindik substratlarin haricinde;
kemik, metal, ylin gibi ¢igekli bitkilerin biiyllyemeyecekleri substratlar iizerinde de

bulunabilirler.

Briyofitlerin ilk toplumlardan itibaren insan yasamma katildiklari bulunmustur. Ik avecr
toplumlarda bazi karayosunlarinin kesici aletlerin etrafina sarildiklar1 bilinmektedir (Dickson,
1973). Briyofitlerin geleneksel Cin tibbinda kullanimlar1 MO 4000’lere tarihlenmektedir (Wu,
1982). Yerli halklar tarafindan bocek isirmalarindan dogan tahrisleri azaltmak icin de
kullanildiklar1 bilinmektedir (Saxena ve Harinder, 2004). Briyofitler, antioksidan kapasiteleri

nedeniyle de arastirmalarda biyiik ilgi goérmektedirler. Bitkilerde oksidatif strese karsi
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koruyucu rolii olan en 6nemli metabolitlerden biri GSH’tir. GSH (y-glutamilsistein glisin),
organizmada tiyol grubu igeren, diisiik molekiil agirlikli 6nemli bir tripeptiddir (Nelson ve Cox,
2000). DNA ve protein sentezleri, enzim aktivitelerinin diizenlenmesi, hiicre i¢i ve dist
transportlar gibi hiicresel fonksiyonlar1 disinda baslica antioksidan olarak hiicre savunmasinda

da 6nemli rolii vardir (Meister, 1983; Meister ve Anderson, 1983; Deneke ve Fanburg, 1989).

Hiicre i¢i ortamimn en Onemli antioksidan molekiili olan GSH’ 1n, antioksidan savunma
sisteminde gorev almaktan baska ksenobiyotiklerin zehirlestirilmesi, aminoasitlerin transportu,
proteinlerdeki siilfidril gruplarinin rediikte halde tutulmasi, bazi enzimatik reaksiyonlarda
koenzim gorevi gérmesi gibi bir¢ok fizyolojik fonksiyonu vardir (Arrick ve Nathan, 1984;
Esterbauer ve ark., 1992). Ek olarak GSH; hiicrenin redoks durumunu korumada,
detoksifikasyon sisteminin calismasinda, eikosonoidlerin sentezlenmesinde, hiicre sinyal
mekanizmasinin diizenlenmesinde, gen ekspresyonunda ve apoptozisde de antioksidan olarak

faaliyet gosterir (Townsend ve ark., 2003).

Glutatyonun; GSH ve GSSG olmak iizere birbirine doniistimlii iki formu vardir. GPx enzimi
tarafindan katalizlenen reaksiyonla GSH hidrojen peroksit veya lipit peroksitlerle reaksiyona
girerek bu molekiillerin detoksifikasyonunda yer alirken kendisi baska bir glutatyon
molekiilityle disiilfit kopriisii olusturarak GSSG formuna doniisiir. Hiicre iginde serbest
radikallerin detoksifikasyonunun siirdiiriilmesi i¢in okside glutatyonun rediikte formuna geri
doniismesi gerekir. NADPH 1n kullanildig1 bir reaksiyonla glutatyon rediiktaz enzimi ile GSH
formuna ¢evrilir (Akkus ,1995; Okan ve ark., 2013).

2GSH+ H>O» ol > 2H>O + GSSG

S

NADPH+H —» NADP
2H->O + GSSG > 2GSH
GSH-Rd

Yapilan bu ¢alisma ile Brachythecium rutabulum (Hedw.) Schimp ve Barbilophozia barbata
(Schmidel ex Schreb.) Loeske’ nin GSH ve GSSG miktarlar1 belirlenerek, karsilagtirilmasinin

yapilmasi amaglanmistir.

MATERYAL VE METOD
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Materyal

Aragtirma materyalleri, Henderson (1961) kareleme sistemine gore Tiirkiye’de A4-A5 kareleri
icerisinde bulunan Karcal Daglar1 (Artvin)’ndan toplanmustir. Ozellikle nemli ve golgeli
ormanlik alanlar ile nehir kenarlarindaki; kiitiikler, toprak ve kayalar iizerinde yayilig gdsteren
(Smith, 1996; Smith, 2004) bu tiirlerden; B. rutabulum ¢iiriiyen agac kiitiigii tizeri (1. lokalite),
B. barbata ise kaya (2. lokalite) tizerinden alinmistir (Tablo 1; Sekill,2).

Tablo 1. Arastirma materyallerinin toplandigi lokaliteler ve bu lokalitelere ait veriler.

Lokalite No | Yiikseklik (m) | Tarih GPS Kaydi Lokalite
1 1550 29.05.2022 | (37T) 0744667D, 4579143K i::;“k Baler Yaylas:
2 846 27.05.2022 | (37T) 0735981D, 4569823K | Bakirkoy

Sekil 1. Brachythecium rutabulum (Hedw.) Schimp (Liith, 2004°den degistirilerek)
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Sekil 2. Barbilophozia barbata (Schmidel ex Schreb.) Loeske (Liith, 2004’den degistirilerek)

Metod

Omnekleri toprak ve diger kirleticileri uzaklastirmak icin distile su ile dikkatlice yikandi. Son
olarak, 6rnekler oda sicakliginda gélgede kurutuldu. Materyaldeki GSH ve GSSG miktarlarinin
tayini i¢in; karayosunu bitki 6rneginden 0,5 gram tartilarak polietilen tiiplere alind1. Tiip iizerine
1 mL 0,5 M HCIOq4 (Perklorik asit) ilave edilerek karigtirildi. Daha sonra 4 mL saf su ilave
edilerek tekrar karistirildi ve 4500 rpm de 10 dakika santrifiij edildi. Orneklerdeki GSH ve
GSSG miktarlarini belirlemek i¢in santrifiijlenen siizlintliniin tist kismindan 20 pL alinarak
HPLC’ye enjekte edildi. HPLC’de NUCLEODUR 100-5 C-8 kolonu ve hareketli faz olarak da
coziiciisii % 0,1 H3POg4 (Fosforik asit) olan 50 mM’lik NaClO4 (Sodyum perklorat) ¢ozeltisi
kullanildi. Hareketli fazin akis hizi: 0,6 mL/dk ayarlanarak 215 nm’de GSH ve GSSG tayin
edildi (Dawes ve Dawes, 2000)

Numune analizi CE 1100 Series Merck Hitachi UV Detector L-4000 tipi HPLC cihaziyla
yapilmistir. Analizlerde bidistile su kullanilmistir. Numune miktarlarinin hesaplamalarinda
GSH ve GSSG standart grafiklerinden faydalanilmistir. Analizler ii¢ farkli 6rnek {izerinden

paralel yliriitiilmiis ve verilerin aritmetik ortalamasi ile standart sapmas1 hesaplanmustir.
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Brachythecium rutabulum ve Barbilophozia barbata’ nin GSH ve GSSG sonuglar Tablo 2 ve

Sekil 3°de gosterilmistir.

Tablo 2. Brachythecium rutabulum ve Barbilophozia barbata’ nin GSH ve GSSG miktarlari

Materyalin ad: GSH (ng/g) GSSG (pg/g)
Brachythecium rutabulum 81.35+3.14 26.48 £2.82
Barbilophozia barbata 76.64+ 1.46 14.98 £ 1.32

B GsH GSSG
100 -

Glutatyon ug/g

—

Brachytheciwm rutabulum Barbilophozia barbata

Sekil 3. Brachythecium rutabulum ve Barbilophozia barbata’ a ait GSH ve GSSG miktarlari

Tartisma ve Sonug¢

Bu miktarlara gore, Brachythecium rutabulum ve Barbilophozia barbata briyofit tiirlerinin

glutatyon miktarlarinin yakin oldugu goriilmiistiir. Genel olarak bitkiler yasamlari boyunca

tuzluluk, kuraklik, kirlilik, sicak, soguk gibi benzer bir¢ok faktorle karsilasir ve normal

biiytimeleri, gelisimleri olumsuz yonde etkilenir. Bitkilerde bu kosullarda meydana gelen

degisiklikler stres olarak tanimlanir. Kaya iizerinde toplanan yaprakli karayosununun yiiksek
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glutatyon miktarlarinin, yaprakli karayosununun yasadigi ortamdaki stresi ile ilgili yani

briyofitlerin yasamasi i¢in gerekli olan nem kosullarindan uzak olmasi ile agiklanabilir.

Tiim canlilar yasadiklar1 ortam kosullarindan dolay: stres ile karst karsiya kalirlar. Stresten
kaynakli olusan serbest radikallerin zararl etkileri, antioksidanlar sayesinde azaltilmakta veya
tamamen ortadan kaldirilmaktadir. Yapilan arastirmalarda; Atrichum, Dicranum, Mnium,
Polytrichum ve Sphagnum gibi bazi briyofit tiirlerinin antimikrobiyal aktiviteye sahip olduklar
bildirilmistir. Baz1 briyofit tiirlerinin ise antibakteriyel, antifungal, antiviral aktiviteleri de
bilinmektedir (Glime ve Saxena, 1990; Basile ve ark., 1999). Bitkilerde oksidatif strese kars1
koruyucu rolii olan en 6nemli metabolitlerden biri GSH’tir. GSH biitiin memeli hiicrelerde

bulunan intraselliiler bir antioksidandir (Kidd, 1997).

Sonugc olarak; Brachythecium rutabulum ve Barbilophozia barbata’ nin glutatyon miktarlar

bakimindan zengin ve antioksidan 6zellikte bitkiler olduklar1 sdylenebilir.
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OZET

Serbest radikaller, son yoriingesinde bir ya da daha fazla eslenmemis elektron bulunduran, kisa
Oomiirlii, kararsiz, molekiil agirhig: diisiik ve ¢ok etkin molekiillerdir. Endojen ve eksojen
stresten kaynaklanan serbest radikaller cesitli hastaliklarda, ilag toksisitesinde ve viral
enfeksiyonda belirgin bir rol oynamaktadir. Oksidatif stres, hiicresel metabolizma sirasinda
olusan reaktif oksijen tiirlerinin artis1 (ROS) ile onlar1 detoksifiye eden, antioksidanlarin
yetersizligi sonucu oksidatif dengenin bozulmasidir. Viicudumuzun serbest radikaller
tarafindan olusturulabilecek oksidatif stresi ortadan kaldirmak i¢in en Onemli silahi
antioksidanlardir. Antioksidanlar, serbest radikalleri temizleyebilir ve hiicre hasarini
engelleyebilirler. Glutatyon (GSH) ise hiicre igerisinde bir tripeptid olarak sentezlenmektedir.
GSH’ n yapisinda glutamik asid, sistein ve glisin aminoasidleri bulunur. GSH nerdeyse biitiin
okaryotik hiicrelerde sentezlendiginden dolayi, hiicrelerde yiiksek oranda bulunur. Bir
antioksidan olarak hareket eden GSH’ 1n 6nemli gérevleri vardir. Hiicrenin redoks durumunu
korumada, detoksifikasyon sisteminin ¢alismasinda, eikosonoidlerin sentezlenmesinde, hiicre
sinyal mekanizmasinin diizenlenmesinde, gen ekspresyonunda ve apoptozisde de antioksidan
olarak gorev alir. GSH, NADPH"1 kullanarak hiicrelere indirgeyici gii¢ saglamaktadir. Bu
sayede, hiicrenin okside-rediiksiyon dengesinde 6nemli bir rol oynamaktadir. Yine, bitkilerde
oksidatif strese kars1 koruyucu rolii olan en 6nemli metabolitlerden biri GSH’dur. Tiirkiye’deki
briyofitlerin GSH ve GSSH igerikleri ile ilgili sinirli sayida calisma bulunmaktadir.
Briyofitlerin GSH ve GSSH igeriklerinin belirlenmesi ve 6neminin anlasilmasi adina daha gok
caligmaya ihtiya¢ duyulmaktadir. arastirilmasi olduk¢a onemlidir. Bu ama¢ dogrultusunda
gerceklestirilen ¢alismada, Herzogiella seligeri bitki tiirinin GSH ve GSSH igerikleri
belirlenmistir. Sonuglar, briyofit tiirlerinin Glutatyon agisindan iyi bir kaynak olabilecegini
gostermistir.

Anahtar Kelimeler: Herzogiella seligeri, Glutatyon, Antioksidan, Oksidatif stres, Briyofit

GIRIS
Serbest radikaller ve hastaliklar arasindaki iliskinin ortaya ¢ikmasiyla birlikte serbest radikaller
ve antioksidan calismalarinda artis gozlenmistir. Serbest radikaller, dig orbitallerinde bir veya

daha fazla eslenmemis elektron iceren yiiksek enerjili, stabil olmayan bilesiklerdir. Bu
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eslenmemis elektronlar, serbest radikallere 6nemli reaktiflik 6zellik saglayarak protein, lipid,
DNA ve niikleotid koenzimler gibi bir¢cok biyolojik materyale zarar vermelerine neden
olmaktadir. Bu zararin yaslanmaya etki ettigi ve ayrica kalp-damar hastaliklari, ¢esitli kanser
tiirleri, katarakt, bagisiklik sisteminde zayiflama, sinir sistemi dejeneratif hastaliklar1 gibi
birgok hastaliga sebep olduguna dair bilgiler bulunmaktadir (Diplock, 1998; Shinde ve ark.,
2012).

Serbest radikallerin, diisiik konsantrasyonlarda yararli etkileri oldugu bildirilmistir. Diisiik
konsantrasyonlardaki serbest radikaller; enfeksiyonlara karsi savunma, kanser hiicrelerinin
oldiriilmesi ve ksenobiyotiklerin detoksifikasyonu gibi savunma fonksiyonlartyla birlikte
intraselliiler depolardan kalsiyum salinimi, tirozin amino asidini fosfatlama aktivasyonu ve
bliylime faktorii sinyallerinin aktivasyonu gibi hiicresel sinyallerin aktivasyonunda rol
oynamaktadir. Serbest radikaller, endojen ve eksojen kaynaklardan iiretilmektedir (Bagchi ve
Puri, 1998; Cadenas, 1989; Nagendrappa, 2005; Pham-Huy ve ark., 2008; Sarma ve ark., 2010).
Insan viicudunun serbest radikaller tarafindan olusturulabilecek oksidatif stresi ortadan
kaldirmak i¢in en 6nemli silah1 antioksidanlardir. ROS olusumunu engellemek, bu maddelerin
meydana getirdigi hasarlar1 6nlemek ve detoksifikasyonu saglamak {izere viicutta gorev yapan
savunma sistemlerine “antioksidan savunma sistemleri” ya da “antioksidanlar” adi1 verilir
(Sener ve Yegen, 2009; Sen ve Ark., 2010). Antioksidanlar, radikallerle oldukg¢a hizli bir
sekilde reaksiyona girerek otooksidasyon / peroksidasyonun ilerlemesini 6nleyen maddelerdir
(Diindar ve Aslan, 1999). Antioksidanlarin rolleri arasinda serbest radikallerin fazlasini
etkisizlestirmek, serbest radikallerin toksik etkilerine karst hiicreleri korumak ve hastaliklar
onlemede katki saglamak sayilabilir (Pham-Huy ve ark., 2008).

Briyofit terimi, birbiriyle yakin iligskili ti¢ grup; cigerotlari, karayosunlar1 ve boynuzlu
cigerotlari i¢in kullanilir (Gradstein ve ark., 2001; Crum 2001; Glime, 2007). En ilkel bitki
gruplarinin yagayan temsilcileri olan biryofitlerin, ¢ollerden tundralara oldukga genis bir yasam
aralig1 ve substrat tercihleri vardir. Agag, kaya, toprak gibi bilindik substratlarin haricinde;
kemik, metal, ylin gibi ¢icekli bitkilerin biiyliyemeyecekleri substratlar {izerinde de
bulunabilirler.

Briyofitlerin ilk toplumlardan itibaren insan yasamma katildiklart bulunmustur. Ik avci
toplumlarda bazi karayosunlarinin kesici aletlerin etrafina sarildiklar1 bilinmektedir (Dickson,
1973). Briyofitlerin geleneksel Cin tibbinda kullanimlar1t MO 4000’lere tarihlenmektedir (Wu,
1982). Yerli halklar tarafindan bocek isirmalarindan dogan tahrisleri azaltmak icin de

kullanildiklar1 bilinmektedir (Saxena ve Harinder, 2004). Briyofitler, antioksidan kapasiteleri
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nedeniyle arastirmalarda biiyiik ilgi gormektedir. Bitkilerde oksidatif strese kars1 koruyucu rolii
olan en 6nemli metabolitlerden biri GSH’tir. GSH, hemen hemen biitiin 6karyotik hiicrelerde
sentezlenir. Onemli bir antioksidan olan GSH hiicrenin redoks durumunu korumada,
detoksifikasyon sisteminin ¢alismasinda, eikosonoidlerin sentezlenmesinde, hiicre sinyal
mekanizmasinin diizenlenmesinde, gen ekspresyonunda ve apoptozisde de antioksidan olarak
faaliyet gosterir (Townsend ve ark., 2003).

Glutatyonun; Rediikte glutatyon (GSH) ve Okside glutatyon (GSSG) olmak iizere birbirine
dontistimli iki formu vardir. GPX enzimi tarafindan katalizlenen reaksiyonla GSH hidrojen
peroksit veya lipit peroksitlerle reaksiyona girerek bu molekiillerin detoksifikasyonunda yer
alirken kendisi baska bir glutatyon molekiilityle distilfit kopriisii olugturarak GSSG formuna
doniisiir. Hiicre icinde serbest radikallerin detoksifikasyonunun siirdiiriilmesi i¢in okside
glutatyonun, rediikte formuna geri doniismesi gerekir. NADPH’1n kullanildig: bir reaksiyonla
glutatyon rediiktaz enzimi ile GSH formuna gevrilir (Akkus, 1995; Okan ve ark., 2013).

2GSH+ H>0O» oL > 2H>O + GSSG

NADPH+H — NADP
2H-,O + GSSG 2GSH

GSH-Rd

Bitkisel kaynakli antioksidanlar, ozellikle ¢evre bilincinin arttifi ve sentez maddelerin
etkilerinden uzak durulmaya calisgildigi bu donemde olduk¢a Onemli bir yer edinmeye
baglamistir. Bu nedenle ¢caligmamizda, Herzogiella seligeri (Brid.) Z. lwats bitki tiiriniin GSH

ve GSSH igerikleri belirlenmesi amacglanmustir.

MATERYAL VE METOD

Materyal

Aragtirmanin materyali, H. seligeri Bryophyta boéliimii, Briyopsida sinifi, Hypnales ordosunun,
Plagiotheciaceae familyasina ait bir bitkidir. Herzogiella cinsinin iilkemizdeki 3 taksonundan
biridir (Kiirschner ve Frey, 2020; Sekil 1). H. seligeri; 6zellikle ¢iiriimiis agac kiitiikleri, toprak
ve aga¢ govdeleri lizerinde yayilis gosteren, nemli, golge ve asidik ortamlar1 seven bir
taksondur (Smith, 2004; Dierflen, 2001). Henderson (1961) Tirkiye kareleme sistemine gore
Tirkiyede A2, A3, A4 karelerinde (Sekil 2), diinya ¢apinda ise ¢ogunlukla Avrupa, Kafkaslar,
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Mangurya, Kesmir, Japonya, Kuzey Amerika, Kuzey Afrika ve Tanzanya’da yayilis
gostermektedir. Aragtirmanin materyali H. seligeri, Kar¢al Daglar1 (Artvin)’'nda Kizilagag

govde tizeri ve glrlimiis agac kiitiikleri tizerinden toplanmigtir (Tablo 1). Analiz amaciyla
kullanilan tiim kimyasallar ise Sigma'dan (St.Louis, MO) temin edilmistir.

Sekil 1. Herzogiella seligeri (Brid.) Z.lwats (Liith, 2004’den degistirilerek)
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Sekil 2. Henderson (1961) Tiirkiye kareleme sistemine gore arastirma bolgesinin konumu.

i 200 km

Tablo 1. Aragtirma materyalinin toplandig lokalite ve bu lokaliteye ait veriler.

Lokalite |Yiikseklik (m) | Tarih GPS Kaydi Lokalite

Kargal Cermik  Balci
1550 29.05.2022 | (37T) 0744667D, 4579143K

Daglar Yaylas1 Arasi

Metod

Materyaldeki, GSH ve GSSG miktarlarinin tayini i¢in; karayosunu bitki 6rneginden 0,5 gram
tartilarak polietilen tiiplere alindi. Tiip tizerine 1 mL 0,5 M HCIO4 (Perklorik asit) ilave edilerek
karistirildi. Daha sonra 4 mL saf su ilave edilerek tekrar karistirildi ve 4500 rpm de 10 dakika
santrifiij edildi. Orneklerdeki GSH ve GSSG miktarlarmi belirlemek icin santrifiijlenen
sliziintiiniin tist kismimdan 20 pL alinarak HPLC’ye enjekte edildi. HPLC’de NUCLEODUR
100-5 C-8 kolonu ve hareketli faz olarak da ¢o6ziiciisii % 0,1 H3POa (Fosforik asit) olan 50
mM’lik NaClO4 (Sodyum perklorat) ¢ozeltisi kullanildi. Hareketli fazin akis hizi: 0,6 mL/dk
ayarlanarak 215 nm’de GSH ve GSSG tayin edildi (Dawes ve Dawes, 2000). Numune analizi,
CE 1100 Series Merck Hitachi UV Detector L-4000 tipi HPLC cihaziyla yapilmistir.
Analizlerde bidistile su kullanilmistir. Numune miktarlarinin hesaplamalarinda GSH ve GSSG
standart grafiklerinden faydalanilmistir. Analizler ii¢ farkli 6rnek iizerinden paralel yiiriitilmiis

ve verilerin aritmetik ortalamasi ile standart sapmasi hesaplanmaistir.
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H. seligeri’nin GSH ve GSSG miktarlart HPLC cihaziyla 6lgiliip, elde edilen sonuglar Tablo 2

ve Sekil 3’de gosterilmistir.

Tablo 2. Herzogiella seligeri taksonunun glutatyon miktarlart.

Materyalin adi GSH (pg/g) GSSG (ng/g)
Herzogiella seligeri 86.10+2.10 24.14+1.16
100 -
80 4
- 8 GSH
73'1 60 4 0 GSSG
8
2-
3
S 40 -
20 4
0

H. seligeri

Sekil 3. Herzogiella seligeri taksonunun glutatyon miktarlari.

Tiim canlilar yasadiklar1 ortam kosullarindan dolay1 stres ile karst karsiya kalirlar. Stresten

kaynakli olusan serbest radikallerin zararli etkileri, antioksidanlar sayesinde azaltilmakta veya

tamamen ortadan kaldirilmaktadir. Yapilan arastirmalarda; Atrichum, Dicranum, Mnium,

Polytrichum ve Sphagnum gibi baz1 briyofit tiirlerinin antimikrobiyal aktiviteye sahip olduklari

bildirilmistir. Baz1 briyofit tiirlerinin ise antibakteriyel, antifungal, antiviral aktiviteleri de

bilinmektedir (Glime ve Saxena, 1990; Basile ve ark., 1999). Bitkilerde oksidatif strese karsi

koruyucu rolii olan en 6nemli metabolitlerden birt GSH’tir. GSH biitiin memeli hiicrelerde

bulunan intraselliiler bir antioksidandir (Kidd, 1997). Yapilan diger bir ¢alismada ise;

Pottiaceae tiyesi Syntrichia ruralis (Hedw.) F. Weber & D. Mohr. ve Syntrichia montana Nees.
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taksonlarinin GSH ve GSSG miktarlar incelenmis, siras1 ile 81.90 = 5.68 pg/g, 25.28 + 2.28
pg/gile 13.04 + 1.74 p g/g, 5.68 = 1.02 pg/g oldugu bildirilmistir (Coteli ve ark., 2017).
Sonug¢ olarak; yapilan ¢alisma ile Herzogiella seligeri tiirtiniin GSH miktarlar1 bakimindan

zengin Ozellikte oldugu sdylenebilir.
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HUNNAP MEYVE EKSTRAKTI GALIOMIiSiN EKSPRESYONUNU ARTIRARAK
GALLERIA MELLONELLA BAGISIKLIK TESPKIiSiNi DUZENLER
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OZET

Bitkisel kokenli dogal iirtinlerin bagisiklik tepkilerini modiile etme potansiyelleri uzun siiredir
bilinmekte olup, immiinostimulan, anti-enflamatuar ve antimikrobiyal Ozelliklere sahip
biyoaktif bilesikler acisindan zengin bir kaynak olustururlar. Antimikrobiyal peptidler, 6rnegin
galiomisin, boceklerin hiimoral bagisiklik tepkisinde 6nemli rol oynar. Galleria mellonella,
memeli sistemiyle yapisal ve islevsel benzerlikleri nedeniyle dogal bagisiklik ¢aligmalarinda
yaygin olarak kullanilan bir model organizmadir. Bu ¢alisma, Ziziphus jujuba Mill. (hiinnap)
meyve ekstraktinin G. mellonella larvalarinin bagisiklik tepkisi tizerindeki immiinomodiilator
etkilerini incelemekte ve antimikrobiyal peptit galiomisin ekspresyonuna odaklanmaktadir.
Larvalara patojenik maya Candida albicans ve hiinnap meyve ekstrakti enjekte edilmis ve
galiomisin ekspresyonu RT-qPCR yontemiyle enjeksiyon sonrast 4 ve 24 saatlerde
belirlenmistir. Sonuglar, fiziksel stresin (bos igne batirilmasi) galiomisin ekspresyonunda hizli
ancak gegici bir artisa neden oldugu, C. albicans enjeksiyonunun ise gecikmis ancak siirekli bir
bagisiklik tepkisi ortaya g¢ikardigini gostermistir. Hiinnap ekstrakti, 4 saat i¢cinde galiomisin
ekspresyonunu onemli Olgiide artirarak giiclii bir baslangic immiin aktivasyonu saglamstir.
Ancak bu etki 24 saat sonra azalmis ve ekstraktin immiinomodiilator etkisinin gegici oldugu
gozlenmistir. Bulgular larvalarin tehdit tiirlerini ayirt ederek bagisiklik tepkilerini buna gore
modiile ettigini gostermektedir. Calisma sonucunda hiinnap ekstraktinin dogal bir

immiinostimulan olarak kullanilma potansiyeline sahip oldugu belirlenmistir.
Anahtar Kelimeler : Galiomisin, Galleria mellonella, Immunomodulation, Ziziphus jujuba.

Bu ¢alisma Tiirkiye Bilimsel ve Teknolojik Arastirma Kurumu tarafindan TUBITAK-
2209-A programu ile desteklenmistir.
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JUJUBA FRUIT EXTRACT MODULATES IMMUNE RESPONSE IN GALLERIA
MELLONELLA BY UPREGULATING GALIOMYCIN EXPRESSION

GIZEMAY EREN
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TULAY TURGUT GENC
Canakkale Onsekiz Mart University
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ABSTRACT

Plant-derived natural products have long been recognized for their potential to modulate
immune responses, offering a rich source of bioactive compounds with immunostimulatory,
anti-inflammatory, and antimicrobial properties. Antimicrobial peptides such as galiomycin
play a crucial role in the humoral immune response of insects. Galleria mellonella is a widely
used model organism for studying innate immunity due to its structural and functional
similarities to mammalian systems. This study investigates the immunomodulatory effects of
Ziziphus jujuba Mill. (hiinnap) fruit extract on the immune response of G. mellonella larvae,
focusing on the expression of the antimicrobial peptide galiomycin. The larvae were injected
with pathogenic yeast Candida albicans and jujube fruit extract and galiomycin expression was
determined by RT-gPCR at 4 and 24 hours post-injection. The results showed that physical
stress (null injection) induced a rapid but temporary increase in galiomycin expression, while
C. albicans injection led to a delayed but sustained immune response. Jujube extract
significantly upregulated galiomycin expression within 4 hours, indicating a strong initial
immune activation. However, this effect diminished by 24 hours, suggesting that the extract’s
immunomodulatory impact is transient. The findings highlight the larvae’s ability to
differentiate between types of threats and modulate their immune response accordingly. This

study demonstrates that jujube extract has the potential to serve as a natural immunostimulant.
Key Words : Galiomycin, Galleria mellonella, Immunomodulation, Ziziphus jujuba.

This study was supported by the Scientific and Technical Research Council of Tiirkiye
under the TUBITAK-2209-A program.
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SILYBUM MARIANUM MEYVESININ AVRUPA FARMAKOPESI’NE
UYGUNLUGUNUN DEGERLENDIRILMESI
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Selguk Universitesi
fatma.ayaz@selcuk.edu.tr

Damt Qasim Hasan HAMZAWI

Selguk Universitesi
demetgasim@agmail.com - 0009-0000-8809-8441
OZET

Silybum marianum, Ozellikle karaciger hastaliklarina karsi geleneksel ve modern tipta
kullanimiyla bilinen, farmakolojik a¢idan dnemli bilesikler igeren bir bitki tiirii olarak dikkat
cekmektedir. Bu bitkinin meyvesinde yer alan silymarin kompleksinin, antioksidan ve
hepatoprotektif etkileri nedeniyle farmasétik iiriinlerde genis bir kullanim alan1 bulunmaktadir.
Avrupa Farmakopesi, bitkisel droglarin kalite kontrolii, saflik diizeyi, etkin madde miktar1 ve
giivenli kullanimina iliskin ayrintili standartlar sunmaktadir. Bu baglamda Silybum marianum
meyvesinin Avrupa Farmakopesi kriterlerine uygunlugunun degerlendirilmesi, hem bitkinin
farmasotik gecerliliginin belirlenmesi hem de iirlinlerin yasal standartlara uygun big¢imde
formiile edilmesi acisindan 6nem arz etmektedir. Heniiz baslatilmamais olan bu arastirmada, sz
konusu bitkinin meyvesi lizerinde yapilacak kapsamli analizlerle Avrupa Farmakopesi’nde
belirtilen kalite parametrelerine uyum diizeyinin tespiti amaglanmaktadir.

Planlanan bu c¢aligma kapsaminda, Silybum marianum meyvesinin Avrupa Farmakopesi’nde
yer alan fiziksel, kimyasal ve biyolojik kalite kontrol kriterleri dogrultusunda degerlendirilmesi
hedeflenmektedir. Bu c¢er¢evede bitkinin morfolojik yapisi, yabancit madde orani, kiil miktari,
kuruma kayb1, pestisit kalintis1 ve agir metal diizeyleri gibi fiziksel-saglikla iliskili analizlerin
yani sira, HPLC gibi iler1 diizey analitik teknikler kullanilarak silymarin kompleksine ait
flavonolignan bilesiklerinin miktar tayini yapilacaktir. Ayrica, Avrupa Farmakopesi’nin
ongordigii otentikasyon ve standardizasyon ilkeleri dikkate alinarak, bitkinin dogru tiir olup
olmadigi ile biyolojik etkinlik bakimindan tasidig1 potansiyel de degerlendirilecektir. Heniiz
uygulama asamasina geg¢ilmemis olan bu degerlendirme siireci, arastirmanin sonuglandigi
asamada elde edilecek bulgularla birlikte bitkinin Avrupa Farmakopesi’ne gore farmasotik
uygunlugunu nesnel bi¢imde ortaya koymay1 hedeflemektedir.

Bu arasgtirmanin gergeklestirilmesiyle birlikte, Silybum marianum meyvesinin Avrupa
Farmakopesi’ne uyumluluk diizeyine iliskin kapsamli ve bilimsel nitelikte bir veri seti
olusturulmas1 6ngoriilmektedir. Bu veriler, hem geleneksel bitkisel {iriinlerin modern
farmasotik yaklasimlar cergevesinde degerlendirilmesini kolaylagtiracak hem de bu bitkiye
dayali iriinlerin uluslararas1 regiilasyonlarla uyumlu bigimde ticarilestirilmesine olanak
saglayacaktir. Aynm1 zamanda ¢alisma, Tirkiye’de fitoterapotik tiriin gelistirme siirecinde
Avrupa Farmakopesi’nin roliinii irdeleyen ve bitkisel droglarin standardizasyonunda bilimsel
Olciitlerin uygulanabilirligini test eden 6rnek bir model sunabilecektir. Uygulama asamasina
gecildiginde elde edilecek sonuclar, bitkisel ila¢ sanayisinin kalite, giivenlik ve etkililik odakl
iiretim siirecleri agisindan da yol gosterici nitelikte olacaktir.
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AN EVALUATION OF RAINBOW TROUT (ONCORHYNCHUS MYKISS)
AQUACULTURE FACILITIES IN ANTALYA IN TERMS OF ENVIRONMENTAL
AND MARKETING CONDITIONS

Umut Baris NIZAM
Ege University
umutbarisnizam@gmail.com — 0009-0003-7722-8601

Dog. Dr. Bilge KARAHAN KEMERLIOGLU
Ege University
bilge.k.n@gmail.com — 0000-0002-5609-5630

ABSTRACT

Within the scope of this study, rainbow trout (Oncorhynchus mykiss) aquaculture facilities in
Antalya were examined in terms of land structure, water temperature, and physical
characteristics, as well as the marketing challenges they encounter. The study included facilities
that possess their own hatcheries and produce their own fry. In this context, the incubation
period and hatching duration of fry obtained from broodstock raised within the same facilities
were investigated. Additionally, the locations of the facilities, their suitability for aquaculture
practices, and their distances from markets were assessed.

According to official records, the facilities analyzed account for approximately 60% of the total
annual production of rainbow trout fry in Antalya, with a volume of 37.8 million fry per year,
and about 12% of portion-sized fish production, equaling 317 tons. The water temperature in
these facilities, which is ideal for trout fry, was measured between 10—13 °C. The water used
originates from natural springs in the Taurus Mountains, and the facilities are generally located
close to these water sources. Therefore, they are typically the first or only users of the water,
which significantly reduces the risk of disease transmission.

Due to the mountainous terrain and the location of facilities in valleys, access to markets poses
logistical challenges. Moreover, the remote locations of the facilities from urban centers make
the procurement of labor a significant issue. Considering that a substantial portion of trout
produced in Tiirkiye is exported to Russia, the Russia-Ukraine war and the economic sanctions
imposed on Russia have had adverse effects on the sector. It is suggested that, with adequate
technical support and training, these facilities could increase their focus on fry production and
potentially transform the region into a center for rainbow trout fry cultivation.

Keywords: Rainbow trout, fish farming, internal water, marketing, resistance to disease.
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ANTALYA’DAKI GOKKUSAGI ALABALIGI (Oncorhynchus mykiss)
YETISTIRICILIK TESISLERININ CEVRESEL VE PAZARLAMA KOSULLARI
KAPSAMINDA DEGERLENDIRILMESI

Umut Baris NIZAM
Ege Universitesi
umutbarisnizam@gmail.com — 0009-0003-7722-8601

Doc. Dr. Bilge KARAHAN KEMERLIOGLU
Ege Universitesi
bilge.k.n@gmail.com — 0000-0002-5609-5630

OZET

Bu calisma kapsaminda Antalya’daki gokkusagi alabaligi (Oncrhynchus mykiss) yetistiricilik
tesislerinin kurulu olduklar1 arazi yapisi, su sicakliklar1 ve fiziksel yapisin1 yaninda pazarlama
alaninda karsilastiklar1 problemler incelenmistir. Arastirmaya, tesislerinde kuluckahanesi
bulunan ve kendi yavrusunu iireten tesisler dahil edilmistir. Bu kapsamda, kendi anag
baliklarindan elde ettikleri yavrularda gézlenme ve yumurtadan ¢ikis siireleri arastirilmistir.
Ayrica tesislerin kurulu olduklari konumlar, yetistiricilik kosullarima uygunluk durumlari,
pazara uzakliklar1 incelenmistir.

Incelenen tesisler, Antalya’da resmi kayitlara gore toplam gokkusagi alabaligi yavru iiretiminin
37,8 milyon adet/y1l ile %60’1n1, porsiyonluk balik iiretiminde ise 317 ton ile %12’sini
karsilamaktadir. Isletmelerde su sicakligi, alabalik yavrulari icin ideal olan 10-13 °C olarak
ol¢iilmektedir. Isletmelerde kullanilan su, Toros Daglari’ndan dogan dogal kaynak sularidir ve
tesisler genellikle bu suyun kaynagina yakin mesafelerde kurulmustur; bu nedenle suyu
kullanan ilk ya da tek isletmelerdir. Bu 6zellikleri bakimindan, balik hastaliklar1 yoniinden
bulasimin kolayca 6nlenebilecegi tesislerdir.

Daglik arazi yapisit ve isletmelerin genellikle vadilerde kurulu olmasi isletmelerin pazara
erismesini zorlastirir niteliktedir. Tesislerin kurulu oldugu konumlarin sehir merkezine uzak
olmasi sebebiyle is giicii temini isletmelerde dnemli bir sorun olarak karsimiza ¢ikmaktadir.
Tiirkiye’de tiretilen alabaligin biiylik kisminin Rusya’ya ihra¢ edildigi goz oniine alindiginda
Rusya-Ukrayna savast ve Rusya’ya uygulanan ekonomik ambargolar sektorii olumsuz
etkilemektedir. Teknik destek ve egitim verilmesi halinde isletmelerin yavru balik iiretimine
daha fazla odaklanarak bolgede alabalik yavru {iretim merkezi haline gelebilecegi
diistiniilmektedir.

Anahtar sozciikler: Gokkusag: alabaligi, balik yetistiriciligi, i¢ su, pazarlama, hastaliklara
direng.
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Heracleum platytaenium Boiss. Ugucu Yaginin Pestalotiopsis theae’ye Kars1 Antifungal Aktivitesi

Isil SARAC SIVRIKAYAY, Abdullah GULLER! , Bekir TOSUN?
! Bingol Universitesi, Ziraat Fakiiltesi, Bitki Koruma Bliimii
2 Burdur Gida Tarim ve Hayvancilik Meslek Yiiksekokulu, Bitkisel ve Hayvansal Uretim Boliimii,
Seracilik programi
Ozet

Calisma, Heracleum platytaenium (Ogrek otu) ugucu yaginin Pestalotiopsis theae’ye karst
antifungal etkisini degerlendirmek amaciyla yiritilmistir. P. theae, ¢ay bitkisinde yaprak lekesi
hastaligina neden olan 6nemli bir fitopatojen olup, mevcut kimyasal fungisitlerin neden oldugu ¢evresel
ve direng sorunlari, bitkisel kokenli antifungal ajanlarin arastirilmasini zorunlu kilmistir.

Bu kapsamda, H. platytaenium farkli yillarda hasat edilen meyve ugucu yaglart 5 pL, 10 pL
ve 20 puL konsantrasyonlarinda test edilmis ve antifungal etkileri agar kuyucuk difiizyon yontemi ile
belirlenmistir. Sonuglar, Hasat yillarinin ve hasat yili doz intreaksiyonun istatiksel olarak énemesi
oldugunu, tiiriin ugucu yaginin antifungal aktivitesinin istatiksel olarak doza bagl olarak 6nemli oldugu
ve en yiiksek etkiyi 20 pL uygulamasinda gosterdigini ortaya koymustur.

Sonug¢ olarak, H. platytaenium ugucu yagmin fitopatojenik funguslara karsi dogal bir
antifungal ajan olarak potansiyel tasidigini gostermektedir. Ancak, tarimsal uygulamalar agisindan

etkinliginin dogrulanmasi i¢in ileri diizey in vivo ¢aligmalar gerekmektedir.

Anahtar Kelimeler: Heracleum platytaenium, Pestalotiopsis theae, Esansiyel yag, Antifungal aktivite,

Yillara bagl antifungal etki

Antifungal Activity of Heracleum platytaenium Boiss. Essential Oil Against Pestalotiopsis theae

Abstract
This study aimed to evaluate the antifungal activity of Heracleum platytaenium essential oil

against Pestalotiopsis theae, a significant phytopathogen responsible for leaf spot disease in tea plants.
Due to the environmental and resistance issues caused by chemical fungicides, interest in plant-derived
antifungal agents has increased.

For this purpose, H. platytaenium essential oil was extracted in different years and tested at 5
pL, 10 uL, and 20 pL concentrations using the agar well diffusion method. The results indicated that
the antifungal activity of the essential oil increased in a dose-dependent manner, with the highest
inhibition observed at the 20 pL concentration. Moreover, some variation in antifungal activity was
observed between essential oils extracted in different years, suggesting that the chemical composition

of the plant might vary yearly, potentially affecting its antifungal efficacy.
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These findings suggest that H. platytaenium essential oil has potential as a natural antifungal
agent against phytopathogenic fungi. However, further in vivo studies are required to confirm its

effectiveness for agricultural applications.

Keywords: Heracleum platytaenium, Pestalotiopsis theae, Essential oil, Antifungal activity, Year-
dependent antifungal effect
Giris

Bitkilerden elde edilen ugucu yaglar, biyolojik olarak aktif bilesenler icermeleri nedeniyle
antimikrobiyal 6zellikler gostermektedir. Ozellikle, Apiaceae familyasina ait Heracleum cinsine ait
bitkilerin ugucu yaglari ilizerine yapilan calismalar, bu bitkilerin ¢esitli alanlarda kullaniminin
yayginligina isaret etmektedir. Heracleum tiirleri, halk hekimliginde kokleri ishal ve dizanteriye karsi
kullanilmaktadir (Baytop, 1997). Bu tiirlerin anti-inflamatuvar, antimikrobiyal (Soyugok 2022),
antioksidan, antiviral ve antikanserojen gibi genis farmakolojik etkilere sahip oldugu bildirilmistir..
Cesitli kisimlarindan elde edilen ugucu yaglar (6zellikle alifatik esterler ve monoterpenler)
antimikrobiyal ve antifungal 6zellikler sergilemektedir. Bu nedenle, Heracleum tiirleri gida, kozmetik
ve ilag sanayisinde potansiyel biyolojik ajanlar olarak degerlendirilmektedir (Bahadori ve ark., 2016).
Diger yandan yiiriitiilen ¢alismalar ayni cinsin bir {iyesi olan H. platytaenium esansiyel yaglarinin da
antimikrobiyal ve antioksidan etkiler gosterebilecegini ortaya koymaktadir (Iscan ve ark., 2004; Kilig et
al., 2016; Telkoparan Akillilar ve ark., 2018).

H. platytaenium ugucu yagi ve ekstraktlarinin antioksidan ozellikleri gesitli biyokimyasal
testlerle degerlendirilmistir. Hidrodistilasyon yontemiyle elde edilen ugucu yagin ana bilesenleri n-oktil
asetat (%36,5), apiole (%24,9) ve elemisin (%20,8) olarak belirlenmistir (kaynak. H. platytaenium’un
fenolik ve flavonoid bilesenler bakimindan zengin oldugunu ve belirli antioksidan 6zellikler tagidigin
gostermektedir (Tosun 2021). Antioksidan potansiyeli, fitokimyasal bilesimi ile birlikte
degerlendirildiginde, bitkinin biyolojik olarak aktif dogal {riinler kaynagi olabilecegini
diisiindiirmektedir (Karan ve Geng, 2018).

H. platytaenium ugucu yagmin ana bilesenleri arasinda p-simen (%33,9), terpinolen (%14,3), y-
terpinen (%7,1), elemisin (%3,1) ve miristisin (%2,9) bulunmakta olup, bu bilesenlerin ¢ogunun
antimikrobiyal 6zelliklere sahip oldugu bilinmektedir (Kili¢ et al., 2016). Baska bir arastirmada ise
ogrek otu ugucu yaginin baslica bilesenlerinin oktil asetat, oktil hekzanoat, (Z)-4-oktenil asetat ve oktil

oktanoat oldugu tespit edilmistir (Kili¢ ve Dirmenci, 2016).

Pestalotiopsis tiirleri, diinya ¢apinda yayilis gosteren ve ekonomik ac¢idan dnemli olan bir
fungus kompleksini olusturur. Bu tiirler, bitki hastaliklarina neden olan etmenler (Koh et al., 2001)
olmanin yam sira, farmasotik bilesikler iiretme potansiyeline de sahiptir (Strobel, 2002). Bu tiirler,

parazit olarak bitkiler lizerinde hastalik olusturabilmelerine ek olarak, endofitik olarak yasayan, yani
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saglikli bitkilerin yaprak ve dallarinda bulunan tiirleri de icermektedir. Ayrica, bazi tiirleri saprofitik
yasam tarzina sahip olup, ol bitki materyallerinde, toprakta (Agarwal & Chauhan, 1988) ve bitki
kalintilarinda (Osono & Takeda, 2000) izole edilmistir.

Pestalotiopsis theae, ¢ay (Camellia sinensis) bitkisinde yaprak lekesi hastaligina neden olan
onemli bir fitopatojen olarak bilinmektedir. Bu patojen, enfekte ettigi bitkilerde kahverengi-siyah renkte
lekeler olusturarak fotosentezi olumsuz etkilemekte ve ciddi iiriin kayiplarina yol agmaktadir (Ertas &
Karakaya, 2017). Hastaligin ilerlemesiyle birlikte yapraklarda sararma, erken yaprak dokiilmesi ve bitki
gelisiminde gerileme gibi belirtiler gozlenmektedir. P. theae’ nin yiiksek sicaklik ve nem kosullarinda
yayilim gosterdigi, 6zellikle ¢ay {iretiminin yogun oldugu bdlgelerde ekonomik kayiplara neden oldugu
bildirilmektedir (Ertas & Karakaya, 2017).

P. theae ile miicadelede yaygin olarak kimyasal fungisitler kullanilmaktadir. Ancak, kimyasal
fungisitlerin asir1 kullanimi hem g¢evre kirliligine hem de patojenlerde direng gelisimine neden
olabilmektedir (Bayan et al., 2017). Bu durum, siirdiiriilebilir ve c¢evre dostu alternatif kontrol
yontemlerinin arastirilmasini zorunlu hale getirmistir. Son yillarda, bitkisel kaynakli ugucu yaglarin
antifungal etkileri tizerine yapilan ¢alismalar artmis ve 6zellikle H. platytaenium gibi tiirlerin antifungal
potansiyeli dikkat ¢cekmistir Ucucu yaglarin igerdikleri monoterpenler ve fenilpropanoid bilesikler,
cesitli fitopatojenik funguslara kars1 etkili bir biyolojik miicadele yontemi sunabilir (Bayan et al., 2016;
2017).

Bu c¢aligma, H. platytaenium ugucu yagmm P. theae’ye karsi antifungal aktivitesini
degerlendirmeyi amaglamaktadir. Literatiirde, bu etmene kars1 6grek otu veya herhangi bir ugucu yag
uygulamasi ile ilgili yeterli ¢alisma bulunmamaktadir. Ugucu yagin antifungal potansiyelinin ortaya
konulmasi, cay iiretiminde hastalik yoOnetimi stratejilerine katki saglayarak stirdiiriilebilir tarim
uygulamalarina destek olabilecektir.

Materyal ve Metod

Ucucu Yag ve Test Edilen Fungal izolat

Tiiriin 2021-2022 yillarinda tam olum déneminde toplanan meyveleri 6giitiildiikten sonra 100g meyve
3 saat boyunca klavenger cihazinda damitilarak ugucu yag elde edilmistir. Calismada antifungal aktivite
testlerinde kullanilan P. theae izolati, Rize ili ¢ay bahgelerinden alinan ¢ay bitkisinden 6rnek alinarak
Bingdl Universitesi Ziraat Fakiiltesi Fitopatoloji Laboratuvarima getirilmistir. Fungusun tiir teshisi,
morfolojik ve mikroskobik analizler yapilarak dogrulanmistir. Deneylerde, aktif ve saglikli spor iireten
izolatlar kullanilmastir.

Besiyeri Hazirlama ve Uygulama Kosullari

Fungal izolatlarin saflastirilmasi ve g¢ogaltilmasi amaciyla Patates Dekstroz Agar (PDA)
besiyeri hazirlanmistir. Besiyeri, 39 g/L oraninda PDA tozu ile distile su karigtirilarak homojen hale

getirilmis ve karisim, 121.1°C’de 15 dakika siireyle otoklavda sterilize edilmistir. Sterilizasyon
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isleminin tamamlanmasinin ardindan, besiyeri aseptik kosullar altinda ¢alisilarak steril petri kaplarina
dokiilmiis ve ortamin jellesmesi saglanmistir.
Hazirlanan besiyeri hem oOn kiiltlirlerin elde edilmesi hem de ugucu yag uygulamalarinin
gergeklestirilecegi deney gruplarinin olusturulmasi amaciyla kullanilmistir. Deney gruplarinda, ugucu
yagin belirlenen farkli konsantrasyonlar1 (5 pL, 10 pL, 20 pL) besiyeri ortamina eklenmis ve steril pipet
ucu ile iyice homojenize edilmistir. Kontaminasyonun onlenmesi igin bu islem aseptik kosullarda
gergeklestirilmistir.
Fungal Kiiltiirlerin Hazirlanmas: ve Inkiibasyon Siireci
Testlerde kullanilacak P. theae izolatlarinin uygun sekilde ¢ogaltilmasi ve test i¢in hazirlanmasi
amaciyla on kiiltiirler olusturulmustur. Fungus, 90 mm ¢apindaki petri kaplarina dokiilen PDA besiyeri
tizerine transfer edilerek, 25+2°C sicaklik ve %70 nem kosullarinda 7 giin boyunca inkiibe edilmistir.
Inkiibasyon siiresi boyunca fungal miselyum gelisimi diizenli olarak gézlemlenmis ve herhangi
bir kontaminasyon belirtisi gosteren petri kaplar1 deney dig1 birakilmistir. Elde edilen saglikli miselyal
koloniler, antifungal aktivite testlerinde inokiilasyon i¢in kullanilmustir.
Antifungal Aktivitenin Belirlenmesi
Ucucu yagm antifungal etkisini belirlemek amaciyla miselyal biiyiime inhibisyon testi
uygulanmistir. Deney siirecinde, inkiibasyonu tamamlanan P. theae kiiltiirlerinden 8 mm ¢apindaki
miselyal diskler, steril bir fungus delici yardimiyla kesilmis ve taze hazirlanmig PDA besiyerinin
merkezine inokiile edilmistir.
Deney gruplan asagidaki sekilde olusturulmustur:
e Pozitif kontrol grubu: Standart antifungal ajan nistatin i¢eren besiyeri
o Negatif kontrol grubu: Ugucu yag i¢cermeyen, sadece PDA besiyeri bulunan ortam
e Deney gruplari: PDA ortamina farkli hacimlerde (5 pL, 10 pL, 20 puL) ugucu yag eklenmis
petri kaplari
Fungal gelisim tamamlanana kadar petri kaplar1 uygun inkiibasyon kosullarinda muhafaza edilmis
ve miselyal biiyiime giinliik olarak takip edilmistir. Denemeler, ii¢ tekerriirlii olarak yiiriitiilmiis ve her
tekrar icin Olgiimler ayr1 ayr1 kaydedilmistir. Inkiibasyon siiresi sonunda fungal kolonilerin caplari
Olciilerek, ucucu yagin antifungal aktivitesi degerlendirilmistir.
Antifungal etkinlik, Deans ve Svoboda (1990) tarafindan 6nerilen asagidaki formiil kullanilarak
hesaplanmigtir:
Inhibisyon (%) = [(gc - gt) / gc] % 100
Burada:
¢ gc: Kontrol gruplarindaki miselyal biiyiime ¢ap1
e gt: Ucucu yag uygulanan ortamdaki miselyal biiyiime ¢ap1

istatistik analiz
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Farkli yillar ve dozlardan elde edilen veriler tesadiif parselleri deneme deseninde 3 tekrarli olarak
faktoriyel diizenlemeye gore SAS (2009) istatistik paket programinda GLM prosediirii kullanilarak
standart varyans analizi tekniginde (ANOVA) analiz edilmis ve ortalamalar arasindaki farkliliklar LSD
coklu karsilastirma testine gore belirlenmistir

Sonuglar ve Tartisma

Bitki ugucu yaglari, fitopatolojik uygulamalar baglaminda ¢esitli fungal hastaliklara karsi
potansiyel bir biyolojik kontrol araci olarak uzun yillardir incelenmektedir. Dogal biyoaktif bilesenler
iceren bu yaglar, sentetik fungisitlere alternatif olarak ¢evre dostu ve insan sagligina zarar vermeyen
cozlimler sunma potansiyeline sahiptir (Daferera et al., 2003; Soylu et al., 2010). Son yillarda yapilan
calismalar, 6zellikle in vitro ve in vivo deneyler bitkiugucu yaglarimin antifungal aktivitelerini detayl
bir sekilde ortaya koymustur. Ornegin, kekik (Thymus vulgaris) ve adacayi (Salvia officinalis) esansiyel
yaglarmin, ¢esitli fitopatojenik funguslara karsi etkili oldugu gosterilmistir (Rus ve ark., 2015; Al-
Shahrani ve ark., 2017; Moazeni ve ark., 2021; Hassan ve ark., 2022). Bu ¢aligsmalar, ugucu yaglarin
antimikrobiyal aktivitesinin i¢erdigi fenolik bilesenler ve terpenoidler ile dogrudan iligkili oldugunu
ortaya koymaktadir (Bakkali et al., 2008, Mahizan et al., 2019; Tian ve ark., 2022).

Ayrica, taramali elektron mikroskobu (SEM) ve gecirgen elektron mikroskobu (TEM)
analizleri, karanfil yagma maruz kalan C. gloeosporioides hiicrelerinde belirgin morfolojik ve
ultrastriiktiire]l bozulmalar oldugunu gostermistir. Bu degisiklikler, fungal hiicre duvar ve
endomembran sisteminin hasar gérmesi, hiicre gecirgenliginin artmasi ve hiicre i¢i bilesenlerin kayb1

ile sonuglanmistir (Wang ve ark., 2019).

Calismada, H. platytaenium ugucu yaginin P. theae'ye karsi in vitro antifungal aktivitesini
degerlendirilmistir. Literatiir incelendiginde, P. theae'ye karsi 6grek otu veya herhangi bir ugucu yag
uygulamasi ile ilgili yeterli sayida ¢alisma bulunmadigi gézlemlenmistir. Bu nedenle, bu arastirma hem
yeni bir bitki kaynaginin antifungal potansiyelini ortaya koymakta hem de P. theae gibi tarimsal 6neme
sahip bir fitopatojene kars1 alternatif bir biyokontrol segenegi sunmaktadir. Calismada iki farkli yilda
ekstrakte edilen yaglar ti¢ tekerriirlii olarak ti¢ farkli dozda etmene kars1 PDA ortaminda test edilmistir.
Elde edilen bulgular, 6grek otu ugucu yaginin P. theae'nin biiyiimesi {izerinde belirgin bir baskilama
etkisi gosterdigini ortaya koymustur (Tablo 1). In vitro deneyler, ugucu yagin belirli
konsantrasyonlarinin fungal misel biiylimesini anlamli derecede inhibe ettigini gostermistir. Bu
sonuglar, H. platytaenium ugucu yaginin fitopatojenlere karsi dogal bir antifungal ajan olarak

kullanilabilecegine dair dnemli kanitlar sunmaktadir.

Varyanns analiz sonuglari incelendiginde farkli yillarda elde edilen ugucu yaglarin ve yil doz
interaksiyonunun istatiksel olarak 6nemsiz oldugu ugucu yag dozlarmin P. theae patojenine karsi

istatistiksel olarak dnemli (p<<0.01) oldugu belirlenmistir (Tablo1).
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Tablol. H. platytaenium ugucu yagimin P. theae patojenine karsi antifungal etkisine ait varyans
sonuclari

Varyasyon Serbestlik Kareler toplam  Kareler F degeri
kaynaklari derecesi ortalamasi

Yil 1 4.80 4.80 2.48

Doz 4 27708.9 6927.2 3583.04**
Y1l x Doz 4 3.53 0.88 0.46

Hata 20 38.67

Genel 29 27755.9

Cv 2.01

Farkli yillarda elde edilen H. platytaenium ugucu yagi ve yilxdoz interaksiyonu istatiksel olarak
benzer antifungal etkigdstermistir. H. platytaenium ugucu yagimin dozunun artigina bagl olarak
inhibisyon capinda azalma meydana gelmistir. inhibisyon ¢aplar1 pozitif kontroliin iizerinde olurken
negatif kontroliin altinda kalmigtir. Ugucu yaglarin farkli dozlarin inhibisyon ¢aplart 5 pL
uygulamalarinda 85.7mm, 10 pL dozunda 82.8 mm olurken en yiiksek antifungal etki 20 pL 63.2 olarak
belirlenmistir (Tablo 2).Tablo 1. Ekstraksiyon yilina bagh olarak elde edilen H. platytaenium ugucu

yaginin antifungal aktivitesini gdsteren miseliyal dl¢iimler (mm)

Negatif Kontrol Pozitif Kontrol 5 uL 10 uLL 20 u.  Ortalama
2021 90 8 86.3 83.3 64.0 66.5
2022 90 8 85.0 82.3 62.3 65.5
Ortalama 90 A 8E 85.7B 82.8C 63.2D

Literatiirde H. platytaenium ugucu yagi ile ilgili yiriitiilen yeterli ¢aligma bulunmamaktadir.
Mevcut calismalarda da, bu ¢alismaya benzer sekilde H. platytaenium ugucu yaginin gii¢lii kimyasal
icerik kompozisyonu sayesinde farkli patojen mikroorganizmalara kars1 dogal bir inhibisyon etkisine
sahip oldugunu gostermektedir (Iscan ve ark., 2004; Torbati ve ark., 2013; Bahadori ve ark., 2016). Bir
calismada, H. platytaenium ugucu yagimin Fusarium oxysporum f. sp. radicis-lycopersici (FORL),
Rhizoctonia solani, Sclerotinia sclerotiorum, Botrytis cinerea ve Verticillium dahliae tizerindeki
antifungal etkileri incelenmistir. GC/MS analizi sonucunda esansiyel yagin ana bilesenleri miristisin
(%27.47), oktil asetat (%25.10), 1-oktanol (%16.90) ve oktil 2-metilbiitirat (%9.88) olarak
belirlenmistir. Agar kuyucuk difiizyon yontemi ile yapilan antifungal testlerde, 10 pL esansiyel yagin
FORL, R. solani ve S. sclerotiorum’un miselyal biiyiimesini %100 oraninda inhibe ettigi bulunmustur.
Diger patojenlerin biiylimesi ise onemli 6l¢iide azalmistir. LC90 degerleri, FORL (17.53 pL), R. solani
(15.52 uL), S. sclerotiorum (8.83 uL), B. cinerea (15.58 uL) ve V. dahliae (149.54 uL) olarak
hesaplanmistir. Bu sonuglar, H. platytaenium ugucu yaginin bitki patojenlerine karsi dogal bir antifungal
ajan olarak potansiyel tagidigini gdstermektedir (Bayanve ark., 2016).
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Sonug olarak bu calismada organik ugucu yag, model etmene kars1 artan dozlarda antifungal
aktivite gostermistir. Ancak, laboratuvar ortaminda elde edilen bu bulgularin tarimsal uygulamalar igin
ne derece uygun oldugunu belirlemek i¢in in vivo deneylerle desteklenmesi gerekmektedir. Gelecekte
yapilacak calismalar, bu ugucu yagin tarim alanlarinda uygulanabilirligini ve uzun vadeli etkilerini
inceleyerek fitopatolojik kontrol stratejilerinde etkili bir alternatif olup olmadigin1 degerlendirmelidir.
Sonug olarak, bu caligma, bitki bazli antifungal ajanlarin fitopatojenlere kargi kullanim potansiyelini

destekleyen ve yeni biyokontrol yaklagimlarinin gelistirilmesine katki saglayan onemli bir adim

niteligindedir.
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HYPERPARAMETER OPTIMIZATION FOR MACHINE LEARNING-BASED 10T
FAILURE PREDICTION: A COMPARATIVE ANALYSIS OF GRID SEARCH AND
RANDOM SEARCH TECHNIQUES

OZLEM BATUR DINLER

Siirt University, Faculty of Engineering, Department of Computer Engineering,

o.b.dinler@siirt.edu.tr, 0000-0002-2955-6761

ABSTRACT

The rapid expansion of the Internet of Things (10T) in critical sectors such as healthcare, energy,
transportation, industrial automation, agriculture, smart cities, and public safety underscores the
importance of failure prediction to ensure reliability and minimize system downtime. Machine
learning (ML) has emerged as a key approach for identifying and predicting failures in loT
devices. However, the effectiveness of ML algorithms is significantly influenced by
hyperparameter selection. This study investigates the impact of hyperparameter optimization
(HPO) on IoT failure prediction using algorithms like Random Forest (RF), Support Vector
Machines (SVM), Logistic Regression (LR), k-nearest Neighbors (KNN), and Decision Tree
(DT).To identify optimal hyperparameter configurations for these algorithms, this study
conducts a thorough comparison of model optimization techniques across three distinct
approaches: baseline performance using the "Default Parameter" settings provided by standard
libraries, "Grid Search™ optimization, which systematically explores all possible parameter
combinations, and "Random Search" which strategically samples from the parameter space.
This comprehensive methodological framework evaluates the predictive performance gains and
the computational efficiency trade-offs across both optimization techniques compared to
baseline default parameters, offering valuable insights for resource-constrained 10T
environments. Results demonstrate significant algorithm-dependent variations in optimization
benefits: SVM showed dramatic improvement (approximately 30% in accuracy) with
optimization. At the same time, KNN and DT exhibited moderate gains (4%-5%), and RF and
LR displayed minimal improvements (less than 1.1%). Random Search consistently achieved
comparable or superior performance to Grid Search while requiring substantially fewer
computational resources. These findings establish practical guidelines for effective
hyperparameter tuning in 10T failure prediction systems, balancing predictive power with the
resource constraints inherent to 10T environments.

Keywords: Hyperparameter Optimization, Machine Learning, loT, Failure Prediction, Grid
Search, Random Search.
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Makine Ogrenmesi Tabanh IoT Ariza Tahmini icin Hiperparametre Optimizasyonu:
Izgara Arama ve Rastgele Arama Tekniklerinin Karsilastirmah Analizi

OZLEM BATUR DINLER

Siirt Universitesi, Miihendislik Fakiiltesi, Bilgisayar Miihendisligi Boliimii

o.b.dinler@siirt.edu.tr, ORCID: 0000-0002-2955-6761

OZET

Nesnelerin Interneti'nin (IoT) saglik, enerji, ulasim, endiistriyel otomasyon, tarim, akilli sehirler
ve kamu giivenligi gibi kritik sektdrlerde hizla yayginlagmasi, glivenilirligi saglamak ve sistem
kesinti siirelerini en aza indirmek i¢in ariza tahmininin 6nemini vurgulamaktadir Makine
ogrenmesi (ML), IoT cihazlarindaki arizalar1 tanimlamak ve tahmin etmek i¢in 6nemli bir
yaklagim olarak ortaya ¢ikmistir. Ancak, ML algoritmalarinin etkinligi biiyiik oOlclide
hiperparametre se¢ciminden etkilenmektedir. Bu ¢aligma, Random Forest (RF), Destek Vektor
Makineleri (SVM), Lojistik Regresyon (LR), k-En Yakin Komsular (KNN) ve Karar Agaci
(DT) gibi algoritmalar kullanarak hiperparametre optimizasyonunun (HPO) IoT ariza tahmini
tizerindeki etkisini arastirmaktadir. Bu algoritmalar i¢in optimum hiperparametre
konfigiirasyonlarini belirlemek amaciyla, bu ¢alisma model optimizasyon teknikleri arasinda
iic farkli yaklasimin kapsamli bir karsilastirmasini yapmaktadir: standart kiitiiphaneler
tarafindan saglanan "Varsayilan Parametre" ayarlari kullanilarak elde edilen temel performans,
tim olas1 parametre kombinasyonlarini sistematik olarak arastiran "lzgara Arama"
optimizasyonu ve parametre uzaymdan stratejik olarak drneklem alan "Rastgele Arama". Bu
kapsamli metodolojik cergeve, sadece tahmin performansi kazanimlarini degil, ayn1 zamanda
her iki optimizasyon tekniginin varsayilan parametre ayarlarina kiyasla hesaplama verimliligi
degis tokuslarini da degerlendirerek, kaynak kisitli IoT ortamlart i¢in degerli bilgiler
sunmaktadir. Sonuglar, optimizasyon faydalarinda algoritmaya bagli 6nemli varyasyonlar
gostermektedir: SVM, optimizasyonla Oonemli bir gelisme (dogrulukta yaklasik 9%30)
gosterirken, KNN ve DT orta diizeyde kazanimlar (%4-%5) sergilemis, RF ve LR ise minimal
iyilestirmeler (%1.1'den az) gostermistir. Ozellikle, Rastgele Arama tutarl bir sekilde Izgara
Arama'ya benzer veya daha listiin performans elde ederken, 6nemli 6l¢lide daha az hesaplama
kaynag1 gerektirmistir. Bu bulgular, IoT ariza tahmin sistemlerinde etkili hiperparametre
ayarlamasi i¢in, tahmin giicii ile IoT ortamlarina 6zgii kaynak kisitlamalar1 arasinda denge
kuran pratik kilavuzlar olugturmaktadir.

Anahtar Kelimeler: Hiperparametre Optimizasyonu, Makine Ogrenmesi, IoT, Ariza Tahmini,
Izgara Arama, Rastgele Arama.

1. INTRODUCTION

134


mailto:o.b.dinler@siirt.edu.tr

iR
A LORFERER
5 v,

,

MUNZUR 8th INTERNATIONAL CONFERENCE ON APPLIED SCIENCES
April 11 - 13, 2025- TUNCELI
ISBN NR. : 978-625-5962-60-7

ACADE

My 03

8
onmsn®

www.skademikongre.arg

The IoT has become an integral part of modern infrastructure, connecting billions of devices
and enabling various applications across diverse sectors, from smart homes and wearables to
industrial automation and environmental monitoring (Gunjal et al., 2024). This
interconnectedness, however, also presents significant challenges, particularly concerning
system reliability and the potential for device failures. Unpredicted failures can lead to
disruptions in critical services, financial losses, and even safety hazards. Therefore, effective
failure prediction is essential for proactive maintenance, resource allocation, and ensuring the
seamless operation of 10T systems.

Traditional approaches to failure management often rely on reactive measures, addressing
issues only after they occur. This approach is often insufficient in the dynamic and complex
environment of 10T, where rapid response is crucial. Predictive maintenance, enabled by ML,
offers a more proactive strategy by leveraging historical data to identify patterns and predict
future failures. While deep learning techniques have shown remarkable performance in various
prediction tasks, including failure prediction, their computational demands, and data
requirements can be limiting factors in resource-constrained I0T deployments. ML algorithms,
specifically RF, SVM, LR, KNN, and DT, are powerful tools for this application due to their
algorithmic simplicity, computational efficiency, and proven effectiveness with modest-sized
datasets.

A critical aspect of achieving optimal performance with these algorithms is properly selecting
and tuning their hyperparameters. Hyperparameters are configuration settings established
before training begins, distinct from model parameters, which are learned during the training
process itself and significantly influence the model's ability to generalize and make accurate
predictions. Manually tuning these parameters is often time-consuming and inefficient.
Therefore, automated HPO techniques are essential for maximizing the predictive power of ML
algorithms in the context of IoT failure prediction. To address this challenge, our research
systematically investigates and compares two prominent HPO methods, grid search, and
Random Search, evaluating their effectiveness in enhancing the performance of ML algorithms
for 10T failure prediction. Through this comparative analysis, the study aims to establish best
practices for hyperparameter tuning that enable accurate and efficient failure prediction while
considering the resource constraints inherent to 0T environments.

2. MATERIALS AND METHODS

2.1.Hyperparameter Optimization Techniques

This study explores two distinct approaches to hyperparameter optimization: Grid Search,
which performs exhaustive parameter space exploration, and Random Search, which employs
stochastic sampling strategies (Siregar et al., 2024; Anggreainy & Ayuliana, 2024; Kumar et
al., 2024). These optimization techniques were systematically applied to identify optimal
hyperparameter configurations for the predictive models, maximizing their performance in 10T
failure detection. A comprehensive analysis of each optimization method is presented below:

2.1.1.Grid Search
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Grid Search represents a systematic and exhaustive approach to HPO. This method evaluates
every possible combination of hyperparameters within a predefined search space. The process
involves creating a grid of hyperparameter values and training separate models for each
combination in this grid (Anggreainy & Ayuliana, 2024; Kumar et al., 2024.) While this
comprehensive approach ensures that no potential optimal combination is overlooked, it
becomes computationally expensive as the number of hyperparameters and their possible values
increase. The method's complexity grows exponentially with each additional hyperparameter,
making it particularly challenging for high-dimensional parameter spaces. Despite its
computational intensity, Grid Search remains valuable for problems with a relatively small
number of hyperparameters or when exhaustive evaluation is necessary for ensuring optimal
performance.

2.1.2.Random Search

Random Search provides a more efficient alternative to Grid Search by using a probabilistic
approach to explore the hyperparameter space. Instead of evaluating every possible
combination, this method randomly samples hyperparameter values from predefined
distributions or ranges (Siregar et al., 2024). This approach is based on the observation that not
all hyperparameters are equally important for model performance, and optimal values can often
be found with fewer evaluations than required by Grid Search. Random Search can effectively
explore the hyperparameter space with fewer computational resources, making it particularly
suitable for large-scale optimization problems. While it may not guarantee finding the absolute
optimal configuration, empirical studies have shown that Random Search can often achieve
comparable or better results than Grid Search with significantly fewer iterations. The method's
efficiency stems from its ability to allocate more trials to the most influential hyperparameters
while maintaining the possibility of discovering unexpected combinations that systematic
approaches might miss. Figure 1 illustrates the two key HPO techniques employed in this study.

Grid Search Random Search
o © °
[ ]
® [ ]
[ ]
L
@

Systematic Search Random Sampling

Exhaustive Better coverage

Computationally than grid search

expensive with fewer trials

Figure 1: Comparison of Grid search and Random Search HPO methods.
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2.2. Machine Learning Algorithms
2.2.1 Random Forest (RF)

Random Forest is an ensemble learning technique that builds multiple decision trees and
combines their outputs to improve the accuracy of classification and regression tasks. (Igem
hokhai et al., 2025 ). The structure of the RF model is shown in Figure 2. It is widely used due
to its robustness, ability to handle high-dimensional data, and resistance to overfitting (Margal
& Garcia, 2023). Unlike single decision trees, RF reduces variance by averaging multiple
models, leading to improved generalization (Hayriye et. all., 2024).

The main parameters used by an RF classifier are: (1) Number of Estimators (n_estimators):
Specifies how many decision trees are included in the forest. A higher number generally
improves accuracy but increases computation time. (2) Splitting Criterion (criterion): Defines
how the best split is chosen. The most common options are: “Gini," which measures impurity
by calculating the probability of misclassification, and "Entropy," which uses information gain
to determine the best split. (3) Maximum Depth (max_depth): Controls how many levels of
splits each decision tree can have. Setting the right depth helps balance between capturing
complex patterns and avoiding overfitting. (4) Minimum Samples to Split (min_samples_split):
sets the minimum number of samples needed to split an internal node. Raising this value can
help reduce overfitting. (5) Minimum Samples per Leaf (min_samples_leaf): Sets the minimum
number of data points that must exist in each terminal node of the tree. This parameter prevents
the formation of very small leaf nodes and helps create more stable decision boundaries. (6)
Maximum Features (max_features): specifies the number of features considered when looking
for the best split. Common choices include the square root of total features (sgrt), the logarithm
of total features (log2), and bootstrap sampling (bootstrap), Which determines whether
bootstrap samples are used when building each tree (Attai et al., 2024). If enabled, trees are
built on randomly sampled portions of the training data.

Figure 2: RF architecture.

2.2.2. Support Vector Machines (SVM)
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Support Vector Machines are supervised learning (Bulut & Dinler, 2023) models that find the
optimal boundary between classes by maximizing the margin between data points while
minimizing classification errors. (Bestas & Dinler, 2023). Figure 3 depicts the classification
mechanism of SVM.

» Support Vectors

L] i - Margin

® — Hypemplans
[ ] . _‘ h
* A
® e Margha 4
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. ector N
L '
Class 1 Class 2

Figure 3: SVM classification approach

Fine-tuning hyperparameters in SVM is crucial for improving model performance. The most
important hyperparameters include: (1) C (Regularization Parameter): This Parameter governs
the balance between achieving a maximum margin and minimizing classification errors. With
a small C value, the model allows for a wider margin but accepts more misclassifications.
Conversely, a large C value creates a narrower margin while prioritizing accurate classification
of all training points, which may result in overfitting. (2) Kernel Function: defines how input
data is transformed into higher dimensions to find the optimal hyperplane. Common kernel
types include linear kernels for linearly separable data and polynomial kernels for capturing
more complex relationships, with the latter controlled by a degree parameter. Radial Basis
Function (RBF) Kernel: Effective for non-linear data; requires tuning the gamma parameter,
and Sigmoid Kernel: Similar to neural networks, used for specific applications. (3) Gamma (y)
Parameter: determines the influence of a single training example in non-linear kernels (RBF,
polynomial).Small gamma results in a more generalized model, while high gamma focuses on
capturing local patterns, potentially leading to overfitting. (4) Degree (for Polynomial Kernel):
Specifies the polynomial degree when using the polynomial kernel. Higher degrees allow more
complex decision boundaries but increase computational cost. (5) Coef0 (Coefficient for
Polynomial and Sigmoid Kernels): Regulates the impact of higher versus lower-order terms in
polynomial and sigmoid kernels, affecting the decision boundary shape. Important when
working with non-linear transformations. (6) Class Weight: Adjusts the importance of different
classes in imbalanced datasets. Setting class_weight="balanced" automatically assigns higher
weights to minority classes. (7) Max Iterations: Specifies the maximum number of iterations
for convergence. Increasing this value helps in complex models that require more iterations to
find an optimal solution.

2.2.3. Logistic Regression (LR)
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Logistic Regression applies a logistic function to estimate the probability of binary outcomes,
making it an effective statistical method for classification tasks. In LR, the dependent variable
is categorical, typically representing two classes, such as "yes/no" or "true/false." Figure 4
illustrates the LR classification model.

Key hyperparameters for LR include: (1) C (Regularization parameter): This controls the
strength of regularization applied to the model. A small value for C results in stronger
regularization, preventing overfitting by penalizing large coefficients. A large value of C
reduces the regularization, allowing the model to fit the data more closely but potentially risking
overfitting. (2) Solver: The algorithm used to optimize the LR cost function. Common solvers
include: 'liblinear," Suitable for small datasets, using coordinate descent, and' saga," Efficient
for larger datasets, employing stochastic optimization methods."' blogs: A quasi-Newton method
for optimization, often used for medium-sized datasets. (3) Max_iter (Maximum iterations):
Defines the maximum number of iterations for the solver to converge to a solution. The
optimization process is stopped if the solver doesn't converge within the specified number of
iterations. (4) Penalty: This refers to the type of regularization used to reduce overfitting.
Common options include:'l1": Lasso regularization, which can result in sparse models by forcing
some coefficients to zero.'l2": Ridge regularization, which shrinks coefficients but doesn’t set
them exactly to zero.'elasticnet’: A combination of L1 and L2 regularization. (5) Fit_intercept:
Indicates whether to include an intercept in the model. If set to True, the algorithm includes an
intercept term. Otherwise, it is omitted. (6) Class_weight: Adjusts the weights assigned to
classes in imbalanced datasets. This hyperparameter helps the model focus more on
underrepresented classes by giving them a higher weight.

y Clas

Class 1

0.5 X
Figure 4: LR model for binary classification.

2.2.4. k-nearest Neighbors (KNN)

k-nearest Neighbors is a straightforward yet powerful ML algorithm for classification and
regression tasks. It predicts outcomes by identifying the closest data points (neighbors) in the
training set to a given input and determining the result based on the majority class (for
classification) or the average value (for regression) (Hadian, 2023).
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The performance of KNN depends on several key hyperparameters: (1) Number of Neighbors
(n_neighbors): This parameter defines how many nearest data points are considered when
making a prediction. A smaller value leads to more flexible decision boundaries, while a larger
value smooths predictions but may reduce sensitivity to patterns in the data. (2) Weighting
Strategy (weights): determines how the influence of neighbors is considered. The two main
options are 'uniform' (equal weight for all neighbors) and 'distance’ (closer neighbors have
higher influence). (3) Distance Metric (metric): defines how the algorithm calculates distances
between points. Common choices include Euclidean distance (default), Manhattan distance, and
Minkowski distance, depending on the problem. (4) Power Parameter for Distance (p): used
when Minkowski distance is selected as the metric. Setting p=1 results in Manhattan distance,
while p=2 corresponds to Euclidean distance. (5) Search Algorithm (algorithm): determines
how neighbors are searched efficiently. Options include 'auto’ (automatic selection), 'ball_tree'
and 'kd_tree' (efficient spatial data structures), and ‘brute’ (direct computation).

]
F
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Figure 5: KNN algorithm

Figure 5 illustrates the KNN algorithm's core concept. A query point (a new data point to be
classified, shown as a green star) is categorized based on the majority class of its k-nearest
neighboring points, with class A shown as blue circles and class B as red triangles,
demonstrating the algorithm's distance-based classification approach.

2.2.5. Decision Tree (DT)

Decision Trees create hierarchical structures where nodes represent feature-based decisions,
branches show possible pathways, and leaves provide final predictions for classification or
regression tasks (Hayriye et al., 2023).

Hyperparameter tuning is crucial in improving the model's performance by controlling tree
growth, reducing overfitting, and optimizing predictive accuracy. Key hyperparameters for
decision trees include: (1) Max Depth (max_depth): Defines the maximum depth of the tree.
A higher depth allows the model to capture more complex patterns but may lead to overfitting.
Setting a reasonable depth helps balance bias and variance. (2) Minimum Samples Split
(min_samples_split): Sets the smallest number of samples needed before a node can be divided.
Higher values prevent excessive splitting, reducing overfitting. Common values: 2 (default), 5,
10. (3) Minimum Samples Leaf (min_samples_leaf): This Parameter establishes the minimum
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number of samples in a leaf node. Setting higher values creates smoother decision boundaries
and prevents the formation of small, isolated branches. Typical values include 1 (default), 5,
and 10, with larger values promoting greater generalization. (4) Maximum Features
(max_features): This Parameter governs how many features the algorithm evaluates when
determining the optimal split at each node. Options include ""sqrt"" (uses the square root of
total features, the default for classification), "log2™" (uses logarithm base 2 of total features),
and " None" (considers all available features). Limiting the features considered at each split
can enhance the model's generalization ability and reduce the risk of overfitting. (Li et al.,
2023). (5) Criterion (criterion): Defines the function used to measure the quality of a split.
Common options: "gini" (Gini impurity, default for classification) and “entropy" (Information
gain-based splitting). (6) Splitter (splitter): Determines the strategy for choosing splits at each
node. Options: "best" (selects the best split ( default)), "random™ (selects a random split).

Class A Cla=sB ClassB Class A

Figure 6: DT algorithm
2.3. Dataset

The 10T sensor data used in this study was obtained from IBM's GitHub repository [12]. This
dataset comprises readings from various loT sensors, represented by nine independent
variables: 'Footfall,' 'Atemp," 'Selflr,” 'Clinlr," 'Dolelr," 'Pid," 'Outpressure," ‘Inpressure,’ and

‘Temp.' The dataset contains 945 samples, categorized by a binary dependent variable: 393
labeled Failure (1) and 551 labeled Not (0). (See Figure 7.)

600 551

450

300

Count

150

0

0 1
Figure 7: Distribution of Non-Failure (0) vs Failure (1) cases.

3. RESEARCH AND FINDINGS
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This research compares the default settings of five different ML algorithms (RF, SVM, LR,
KNN, and DT) with two HPO techniques—Grid Search and Random Search.

Referring to Table 1, the RF algorithm shows minimal performance improvements through
HPO. While default settings achieve 91.20% accuracy with extremely low computational costs
(0.1847 seconds, 2.4576 bytes), Grid Search marginally improves accuracy to 91.55% but
requires an impractical 80,250 seconds of runtime. Random Search offers the best balance,
matching Grid Search's performance improvements with significantly reduced computational
demands (20.75 seconds). This demonstrates that for this particular task, HPO provides only
modest accuracy gains (0.35%) while potentially incurring substantial computational costs,
with Random Search representing the most efficient optimization approach.

Table 1: Best hyperparameter combinations of RF algorithm found by Default/HPO.

Best hyperparameter
combinations

Accura

cy
(%)

Precision
(%)

Recall
(%)

F1-
Score
(%)

Run
Time
(seconds)

Memory
(bytes)

Default

e n_estimators: 100,

e min_samples_split: 2,
e min_samples_leaf: 1,
e max_features: 'sqrt’,

e max_depth: None,

e criterion; 'gini’,

e bootstrap: True

91.20

90.90

91.00

90.95

0.1847

2.4576

Grid
Search

en_estimators: 100,
emin_samples_split:26,
emin_samples_leaf: 1,
emax_features: 0.3,
emax_depth:10,

e criterion:'gini’,
ehootstrap: True

91.55

91.23

91.42

91.32

80250.5031

20316.1600

Random
Search

en_estimators: 100,
emin_samples_split: 18,
emin_samples_leaf: 4,
emax_features: 0.3,

e max_depth: 200,
ecriterion: 'gini’,

ebootstrap: True

91.55

91.18

91.55

91.34

20.7492

15.5648

Based on Table 2, SVM shows remarkable sensitivity to HPO. The default configuration
performs poorly at 58.45% accuracy, while both Grid Search and Random Search dramatically
improve performance to around 88% accuracy. Grid Search achieves marginally better results
(88.38% vs 88.03%) but requires 113 seconds of runtime, whereas Random Search needs only
2.46 minutes while delivering comparable performance. This represents a striking 30
percentage point improvement in accuracy through optimization, with Random Search offering
the most efficient balance between performance and computational cost. Unlike RF (Table 2),
SVM benefits substantially from hyperparameter tuning, with Default parameters being

significantly suboptimal for this task.

Table 2: Best hyperparameter combinations of the SVM algorithm are found by default/HPO.
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Best hyperparameter
combinations

Accuracy
(%)

Precision
(%)

Recall
(%)

F1-
Score
(%)

Run
Time
(seconds)

Memory
(bytes)

Default

e max_iter:-1,

o kernel:'rbf',

e gamma:'scale’,

o degree: 3,

o c0ef0:0.0,

o class_weight: None,
e C=1.0

58.45

29.23

50.00

36.89

0.0182

166.2976

Grid
Search

e max_iter: 800,

o kernel: 'rbf',

e gamma: 0.0001,

o degree: 2,

e coef0: 0,

o class_weight:
'balanced’,

e C: 100

88.38

88.01

88.10

88.05

113.3113

7053.7216

Random
Search

e max_iter:400,

e kernel:'rbf’,

e gamma:0.0001,

o degree: 7,

o coef0:5,

o class_weight: ‘'None'
e C: 100

88.03

87.62

87.80

87.71

2.4572

219.9552

Referring to Table 3, LR shows modest performance improvements through HPO. The Default
configuration already performs well (90.49% accuracy), while Grid Search slightly improves
results to 90.85% by reducing C to 0.01, but at the cost of increasing runtime from 0.0657 to
18.91 seconds. Random Search achieves the best performance (91.55% accuracy, 91.34% F1-
score) while maintaining reasonable efficiency (0.93 seconds runtime). Unlike SVM (Table 3),
LR's improvements through optimization are incremental rather than transformative, with

Random Search again providing the optimal balance between performance gains and

computational efficiency.

Table 3: Best hyperparameter combinations of LR algorithm found by Default/HPO.

Best hyperparameter
combinations

Accuracy
(%)

Precision
(%)

Recall
(%)

F1-
Score
(%)

Run
Time
(seconds)

Memory
(bytes)

Default

esolver:'Ibfgs',

e penalty:'12',
emax_iter:100,
ofit_intercept: True,
e class_weight: None,
«C:1.0

90.49

90.12

90.40

90.25

0.0657

4096

Grid
Search

esolver: 'Ibfgs’,
epenalty: '12',
emax_iter: 100,
ofit_intercept: True,
eclass_weight: None,

90.85

90.51

90.70

90.60

18.9128

264.6016
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¢C:0.01

esolver:'Ibfgs’,

epenalty: '12',
Random  |emax iter:500, 91.55 91.18 91.55 91.34 | 0.9261 1.6384
Search ofit_intercept: True,

e class_weight: None,
¢C:0.01

Referring to Table 4, KNN shows significant improvement through HPO. The default
configuration achieves 75.70% accuracy with just five neighbors and Euclidean distance. Grid
Search substantially improves performance to 80.28% accuracy by switching to Manhattan
distance and using 95 neighbors. Random Search delivers the best results (80.99% accuracy,
78.86% F1-score) while requiring less than half the computational resources of Grid Search.
The substantial accuracy improvement of over five percentage points demonstrates KNN's
sensitivity to parameter tuning, with distance metric and neighbor count particularly influential.
Random Search again proves most effective, balancing performance gains with computational
efficiency.

Table 4: Best hyperparameter combinations of KNN algorithm found by Default/HPO configuration.

Best hyperparameter
combinations

Accuracy
(%)

Precision
(%)

Recall
(%)

F1-
Score
(%)

Run
Time
(seconds)

Memory
(bytes)

Default

e algorithm="a
uto',

e metric='min
kowski',

o n_neighbors
:5,

o p=2,

o weights="uni
form'

75.70

77.07

72.72

73.31

0.0647

8192

Grid
Search

e algorithm: ‘auto,'

e metric: 'Manhattan'
e n_neighbors: 95,
op: 1,

e weights: 'uniform'’

80.28

82.86

77.37

78.29

5.5288

759.3984

Random
Search

e algorithm: 'brute’,

e metric: 'minkowski'
e n_neighbors:79,
op: 3,

e weights: 'uniform,’

80.99

84.51

77.85

78.86

2.6461

189.6448

Referring to Table 5 DT shows substantial improvement through HPO. The default
configuration achieves 85.56% accuracy with minimal computational demands (0.0163
seconds). Grid Search significantly improves performance to 90.14% accuracy by introducing
regularization parameters but at an extreme computational cost (203.97 seconds). Random
Search delivers the best results overall with 90.49% accuracy while requiring only 0.3466
seconds - approximately 600 times faster than Grid Search. The 4.93 percentage point accuracy
improvement highlights DT's sensitivity to regularization parameters that prevent overfitting.
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This again demonstrates Random Search's efficiency as an optimization approach, providing
superior performance with dramatically reduced computational overhead.

Table 5: Best hyperparameter combinations of DT algorithm found by Default/ HPO

Best hyperparameter
combinations

Accuracy

(%)

Precision
(%)

Recall
(%)

F1-
Score
(%)

Run
Time
(seconds)

Memory
(bytes)

Default

emin_samples_split:2,

emin_samples_leaf:1,

emax_leaf nodes:
None,

emax_features: None,

e max_depth: None,

e criterion:'gini'

85.56

85.12

85.20

85.16

0.0163 1.6384

Grid
Search

emin_samples_
split: 5

emin_samples_
leaf: 4,

e max_leaf_nod
es:35,

e max_depth:
300,

e max_features:
'0.5',

e criterion: 'gini'

90.14

89.79

89.97

89.88

203.9733 | 3358.7200

Random
Search

e min_samples_split: 30,
e min_samples_|leaf: 6,
e max_leaf nodes: 50,

e max_features: 'log2’,

e max_depth: 10,

e criterion: 'gini'

90.49

90.18

90.27

90.23

0.3466 3.2768

The performance comparison in Figure 8 reveals how five machine learning algorithms respond
to different parameter selection strategies. While hyperparameter optimization generally
enhances performance across all algorithms, the degree of improvement varies substantially.
SVM exhibits the highest sensitivity to parameter tuning, showing dramatic accuracy gains

when optimized. In contrast, RF and LR demonstrate remarkable stability, maintaining
excellent performance even with their default configurations.
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Figure 8: Comparative analysis of algorithm accuracies (%) with default and HPO parameters

1001

804

65+

50-

RF SVM LR KNM DT

M Default Parameters m Grid Search

Figure 9 illustrates the accuracy gains achieved through parameter optimization compared to
default configurations across five machine learning algorithms. The visualization strikingly
contrasts SVM's extraordinary sensitivity to tuning against RF and LR's inherent stability with
default parameters. KNN and DT occupy the middle ground, showing moderate improvements
when optimized, effectively demonstrating how algorithm selection influences the potential
returns from hyperparameter tuning efforts.

Figure 9: Accuracy (%) improvement using HPO parameters compared to default settings.
31+

234

157

Percentage Points Improvement

RF SVM LR KNN DT

m Default Parameters (Baseline) M Grid Search Improvement

146



iR
A LORFERER
5 v,

,

MUNZUR 8th INTERNATIONAL CONFERENCE ON APPLIED SCIENCES
April 11 - 13, 2025- TUNCELI
ISBN NR. : 978-625-5962-60-7

ACADE

My 03

8
onmsn®

www.skademikongre.arg

Algorithms were implemented on a personal computer featuring an Intel Core i3-3110M
processor (2.40 GHz) and 6 GB of RAM. Figure 10 presents the HPO execution times for five
ML algorithms using a logarithmic scale, highlighting the efficiency gap between optimization
methods. Grid Search consistently demands substantially more computational resources than
Random Search across all algorithms, with this disparity most pronounced for RF. When
considered alongside the accuracy improvements from previous figures, the visualization
reveals critical efficiency tradeoffs—SVM achieves substantial accuracy gains at reasonable
computational cost, while RF's minimal improvements require extensive resources. These
findings suggest Random Search as a more practical optimization approach, particularly for
computationally demanding algorithms like RF.

Figure 10: Runtime comparison of default and HPO parameters (log scale).

1000004

100+

RF SVM IR KNN DT

CONCLUSION

The rapid expansion of the IoT in critical sectors such as healthcare, energy, transportation,
industrial automation, agriculture, smart cities, and public safety has highlighted the importance
of reliable failure prediction systems. This comprehensive study comparing HPO techniques
for ML-based IoT failure prediction offers several significant insights.

The findings demonstrate that the benefits of HPO vary substantially depending on the
algorithm. SVM showed dramatic improvement with optimization, increasing accuracy by
approximately 30% from default settings. KNN and DT algorithms exhibited moderate gains
of 4-5% in predictive performance, while RF and LR displayed minimal improvements of less
than 1.1%, suggesting these algorithms already perform effectively with default configurations.

Random Search consistently achieved comparable or superior performance to Grid Search
while requiring substantially fewer computational resources. For instance, Random Search
improved DT accuracy by 4.93% with only 0.3466 seconds of processing time, whereas Grid
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Search required 203.97 seconds for a 4.58% improvement—an efficiency gain of
approximately 600 times.

These results establish practical guidelines for effective hyperparameter tuning in loT failure
prediction systems, balancing predictive power with the resource constraints inherent to 10T
environments. The research suggests that Random Search offers the optimal balance between
performance improvement and computational efficiency for resource-constrained 10T
applications. The study also indicates that for some algorithms, particularly RF and LR,
extensive HPO may not be justified, given the minimal performance gains relative to
computational costs.

This research contributes valuable insights for implementing efficient and effective ML-based
failure prediction systems across diverse sectors where 10T technologies are increasingly
deployed, helping to ensure system reliability while minimizing downtime in critical
applications.
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KESIRLI MERTEBEDEN BLACK-SCHOLES DENKLEMININ CONFORMABLE
LAPLACE AYRISIM METODU iLE COZUMU UZERINE
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OZET

Bu c¢alismada kesirli mertebeden tiireve sahip Black-Scholes (BS) opsiyon fiyatlama
denkleminin conformable Laplace ayristirma metodu (CLAM) ile ¢6ziimiine yer verilmistir.
Black-Scholes denklemi énemli bir finansal modellemenin matematiksel denklemidir. Black-
Scholes (BS) denklemi ile, opsiyon ve opsiyon dayanak varligindan olusan bir portfoy yaratmak
ve bu portfoyii kiiglik zaman araliklarinda dayanak varligin piyasa fiyatina duyarsiz hale
getirmek amaglanir. Conformable Laplace ayristirma metodu (CLAM), conformable Laplace
dontistimii ile Adomian ayristirma yonteminin pesi sira uygulanmasindan olusur. Calismamizda
oncelikli olarak Black-Scholes (BS) denkleminin CLAM ile ¢6ziimii igin genel bir algoritma
verilmistir. Ardindan; Onerilen algoritma iki fakli 6rnege uygulanmis, elde edilen sonuglar
analiz edilip, sonuglar grafikler yardimiyla yorumlanmistir. Elde edilen sonuglardan
conformable Laplace ayrigtirma metodunun kesirli mertebeden Black-Scholes (BS)
denkleminin ¢6ziimii i¢in; gli¢lii, glivenilir ve kullanimi kolay bir metot oldugu goriilmiistiir.

Anahtar Kelimeler : Kesirli Analiz, Conformable kesirli tiirev, Conformable Laplace

doniistimii, Black-Scholes denklemi, Adomian ayrisim metodu.

150



iR
A LORFERER
5 v,

,

MUNZUR 8th INTERNATIONAL CONFERENCE ON APPLIED SCIENCES
April 11 - 13, 2025- TUNCELI
ISBN NR. : 978-625-5962-60-7

ACADE

My 03

8
onmsn®

www.skademikongre.arg

HYBRID SIRALI KUME ORNEKLEMESI ALTINDA NADARAJAH-HAGHIGHI
DAGILIMININ PARAMETRELERININ TAHMIiNi
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nurdanyeniay@gmail.com - 0000-0001-8263-1524
Dr. Ogr. Uyesi, Hasan HUSEYIN GUL

Giresun Universitesi,
hasan.huseyin@giresun.edu.tr - 0000-0001-9905-8605

OZET

Tarim, biyoloji, ekoloji, ormancilik, balik¢ilik ve ¢evre yonetimi gibi arastirmalarda maliyet
etkin ornekleme yontemleri biiyiik 6nem tasimaktadir. Cevresel, biyomedikal ve ekolojik
calismalarda, drneklerden dogrudan 6lgiim almak pahali ve zaman alici olabilir. Ornegin, bir
kirletici madde nedeniyle toprak kirliliginin seviyesini belirlemek, deneysel bitkilerin kok
agirligini tahmin etmek veya akarsu havuzu biiytikliigiinii ve habitat alanin1 degerlendirmek bu
tiir zorluklara 6rnek olarak gosterilebilir. Ancak, kiigiik bir 6rnek grubundaki birimleri
siralamak gorece daha kolay ve giivenilir bir yontemdir. Deney birimlerinin siralamasi gorsel
olarak veya daha diisiik maliyetli bagka yontemlerle gerceklestirilebilir. Bdyle durumlar i¢in
basit tesadiifi drneklemeye (BTO) alternatif olarak onerilen sirali kiime 6rnekleme (SKO)

yontemi ve tlirevleri maliyet etkin bir alternatif olarak kullanilabilir.

Bu ¢alismada, hybrid siral kiime 6rneklemesi (HSKO) altinda Nadarajah-Haghighi dagiliminin
parametrelerinin en ¢ok olabilirlik yontemi ile tahmini {izerinde durulmustur. Bir simiilasyon
calismasi ile tahmin edicilerin etkinlikleri karsilastirilmistir. Genel olarak HSKO altinda elde
edilen tahmin edicilerin SKO ve BTO yo6ntemleri altinda elde edilen tahmin edicilerden daha

etkin oldugu bulunmustur.

Anahtar Kelimeler: Hybrid sirali kiime orneklemesi, Sirali kiime oOrneklemesi, En ¢ok

olabilirlik, Nadaraj-Haghighi dagilimu.
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1. GIRIS

Sirali kiime &rneklemesi (SKO) yontemi ilgilenilen degiskenin gercek o6l¢iimiiniin zor ve
maliyetli oldugu durumlarda basit tesadiifi drneklemeye (BTO) alternatif olarak gelistirilmis
bir drnekleme yéntemidir. SKO yéntemi gdzlem birimlerinin ilgilenilen degiskene gore
yardimer degisken bilgisi veya gorsel karsilagtirma yardimiyla, gergek Olgiim yapilmaksizin
siralanmast ilkesine dayanir. Bu 6zelligi sebebiyle literatiirde tarim, gevre, tip, mithendislik,
biyoloji gibi bir¢ok alanda uygulama imkani bulur. SKO yontemi ilk olarak Mcintyre [1]
tarafindan ortalama {irlin miktarin1 tahmin etmek amaciyla kullanilmigtir. Takahasi ve
Wakimoto [2] SKO’de siralamanin hatasiz oldugu durumlarda SKO tasarimiyla elde edilen
ornek ortalamasinin yigin ortalamasmin sapmasiz bir tahmin edicisi oldugunu ve SKO
tasarimiyla elde edilen 6rnek ortalamasina iliskin varyans degerinin BTO tasarimiyla elde
edilen ayn1 biiytlikliikteki 6rnek ortalamasina iliskin varyans degerinden daha kii¢iik oldugunu
gostermiglerdir. Dell ve Clutter [3] SKO yontemine dayali tahmin edicilerin gozlem
birimlerinin hatali siralanmasi durumunda da (imperfect ranking) yansiz ve etkin olduklarin
gostermislerdir.

Literatiirde SKO tasarimi1 ve modifikasyonlar1 ile ilgili ¢ok sayida ¢alisma bulunmaktadir.
Samawi ve ark. [4] Ug Sirali Kiime Orneklemesini (USKO) 6nermislerdir. Muttlak [5] y1gina
iliskin ortalama tahmini i¢in Medyan Sirali Kiime Orneklemesi (MSKO) tasarimini nermistir.
Al-Saleh ve Al-Kadiri [6] yi1gin ortalamasi tahminine iliskin Cift Sirali Kiime Orneklemesi
(CSKO) tasarimini 6nermislerdir. Al-Saleh ve Al-Omari [7] daha kiigiik rnek setlerinden elde
edilen y1g1n ortalamasina iligkin tahmin edicilerin etkinligini arttirmak amaciyla Cok Asamal
Sirali Kiime Orneklemesi (CASKO) tasarrmim gelistirmislerdir. Al-Naseer [8] yigin
ortalamasinin tahmini i¢in L sirali kiime &rneklemesi (LSKO) tasarimini dnermistir. Bunlara ek
olarak Haq ve ark. [9] Hybrid Sirali Kiime Orneklemesi (HSKO) tasarimini dnermisleridir.

SKO ve tiirevlerine altinda, birgok bilinen dagilimin parametrelerinin tahminleri son yillarda
arastirmacilar tarafindan olduke¢a sik bir sekilde calisilmaktadir. Hassan [10] exponentiated
tistel dagiliminin parametrelerini, Samuh ve Qtait [11] dstel dagilimimin parametrelerini,
Esemen ve Giirler [12] genellestirilmis Rayleigh dagiliminin parametrelerini, Pedrosa ve ark.
[13] Birnbaum-Saunders dagiliminin parametrelerini, Al-Omari ve ark. [14] iki parametreli
Xgamma dagilimmin parametrelerini, Shaaban [15] inverted Topp-Leone dagiliminin
parametrelerini farkli SKO tasarimlar altinda incelemislerdir. Ayrica Haq [16] HSKO altinda
dagilim fonksiyonunun tahmini vermistir.

Nadarajah-Haghighi (NH) dagilim1 Nadarajah ve Haghighi [17] tarafindan istel dagilimin bir
genellestirmesi olarak onerilmistir. NH dagiliminin dagilim fonksiyonu ve olasilik yogunluk
fonksiyonu sirasiyla asagida verildigi gibidir:

F(x) =1—-exp(1—(1+ Ax)%), Q)
f(x) = al(1+ Ax)% texp(1 — (1 + Ax)%). (2)

Bu ¢alismada Nadarajah-Haghighi dagilimimin bilinmeyen parametreleri BTO, SKO ve HSKO
tasarimlar1 altinda en ¢ok olabilirlik yontemine dayali olarak elde edilmistir. Bilinmeyen
parametreler icin kapsamli Monte Carlo simiilasyon ¢alismasi yapilmistir. Elde edilen
simiilasyon sonuglar1 son boliimde yer almaktadir.
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2. ORNEKLEME YONTEMLERI

Bu boliimde SKO ve HSKO’nin 6rnek se¢imi ve algoritmasi ile ilgili detayli bilgiler
verilecektir.

2.1. Sirali Kiime Orneklemesi

Siral1 kiime 6rneklemesinde 6rnek se¢im islemi asagidaki gibidir:

e Oncelikle ilgili yigindan m? capli 6rnek BTO’ ye dayali olarak segilir. Segilen m?

capli 6rnek her biri m gozlem biriminden olusacak sekilde m tane kiimeye tesadiifi

olarak paylastirilir.

m tane kiimeye tesadiifi olarak paylastirilan gozlem birimleri ilgilenilen degiskene gore

ucuz ve kolay bir 6l¢iimle kiiglikten biiyiige siralanir. Bu siralama gorsel yolla veya

ilgilenilen degiskenle yiiksek derecede iliskili bir yardimci degisken kullanilarak

yapilabilir.

¢ Birinci kiimeden en kiiclik gdzlem degeri, ikinci kiimedeki ikinci gézlem degeri ve m.
kiimedeki m. gozlem degeri gergek Olgiim igin segilir. Buradaki 6l¢iim ilgilenilen
degiskene gore en hassas 6lgme diizeyi ile gergeklestirilir.

e Adim 1-3 r kez tekrarlanarak toplam 6rnek ¢ap1 n olmak {izere n=mr tane gézlem birimi

gercek Ol¢lim igin se¢ilmis olur.
SKO ile érnek se¢im islemi r=1 igin Cizelge de gosterilmistir.

Cizelge 1. r=1 iken SKO ile 6rnek se¢imi

Kiime Yigindan segilen gozlem Siralanan gozlem birimleri Ornege segilen
birimleri gbzlem birimleri
1 X11JX12' ""le X1(1:m)1'X1(2:m)2, ""Xl(m:m)l X1(1:m)1
2 X21,X22, ---;XZm XZ(l:m)l'XZ(Z:m)ZI ""XZ(m:m)l XZ(Z:m)Z
m Xml:XmZ: ---'Xmm Xm(l:m)l'Xm(Z:m)Z' ---'Xm(m:m)l Xm(m:m)l

Burada, siralamada hata yapilmadigi1 varsayimi altinda Xii:myj; i = 1,2, ...,m; j= 1, 2,...,m olmak
iizere j. tekrardaki i. kiimenin i. sira istatistigini ifade etmektedir. SKO ydnteminde birimler

gorsel yolla veya ilgilenilen degiskene gdre maliyet gerektirmeyen bir yontemle siralandigi i¢in
genellikle m degerinin 5’ten kiigiik olmasi tercih edilmektedir.

SKO’ de y1gin ortalamasina iliskin tahmin edici asagidaki esitlikte verilmistir.
1

Koo = 70z Bfes 2 Xicim) ®)
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Bu tahmin ediciye iliskin varyans da asagidaki esitlikte verilmistir.

= 1 1 1
Var(Xsko) = —Xit; =2 = —[0? = —EiL; (Uam) — 0?1, (4)

burada p, y1gin ortalamasini pii:m); ise i. kiimenin i. sira istatistiginin ortalamasim ve o, ise i.
sira istatistiginin varyansini ifade etmektedir.

2.2. Hybrid Sirali Kiime Orneklemesi
HSKO’de &rnek secim islemi su sekilde olacaktir:

o ky, k, ve k3 tamsay1 olmak tizere 0 < k; < m, k, = [ak;] ve kz[a(m — k,)], burada
0 < a < 0.5’tir. Burada [q]; q’ya esit ya da bliylik tamsay1 degeridir.

e Ilgili yigindan k4 (k; — k3) birim BTO ile segilir. Segilen bu birimler her biri k; iceren
(k1 — k;) kiimeye dagitilir. Her bir kiimedeki birimler gorsel yolla ya da herhangi bir
ucuz yontemle kiigiikten biiytige siralanir. Ardindan ilk (k; — k). kiimeden i=1, 2, ...,
ki — ky, igini. birim; i=1,2,..., k, icin k,. kimeden (k; — i + 1). Birim segilir.

e Ardindan yigindan (m — k;)?(m — k; — k3)birim segilir ve m — k; — k5 birim iceren
(m — kqy)*kiimeye dagitilir. Bu birimlere bilinen SKO &rnek segim algoritmasi
uygulanir.

e Adim 3’te elde edilen birimler siralanir ve ilk m — k; — k3 kiimeden i=1/,2,...,
m—ky — ks i¢in i. birim; ardindan ilk k; kimeden de i=12,..k; i¢in
(m — k; — i + 1).birim segilir.

e Bu adimlar tamamlanarak tek dongiide m ¢apli hybrid sirali kiime 6rnegini olusturur.

e Tiim adimlar r kez tekrar edilerek n=mr ¢apli hibrid sirali kiime 6rnegi olusturulur. Bu
calismadan=8i¢in k; = 4,k, = 2,k; =0,n=12i¢ink; = 4,k, = 1,k; = 0ven=16
icin k; = 4, k, = k3 = 0 olarak alinmistir.

3. PARAMETRE TAHMINI

Bu béliimde, NH dagilimmimn bilinmeyen parametreleri icin BTO, SKO ve HSKO altinda ECO tahmin
edicileri elde edilecektir.

3.1. BTO Altinda ECO Tahmini

X1,X3 ..., Xy NH dagilimindan alinan n birimlik rasgele 6rneklem olmak iizere, bu 6rnekleme
iliskin olabilirlik ve log-olabilirlik fonksiyonlari;

L(a!/”x) = ln=1f(xl'|aﬁ/1)
=T, ad (14 Ax)* texp(1 — (1 + Ax)%),
e, Ax) = X log(ad(1 + Ax)* texp(1 — (1 + Ax)®))
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=nlog(a) + nlog(A) + (e — 1) Y1, log(1 + Ax;) — X1, (1 + Ax)<, (5)

seklinde elde edilir.

a ve A parametrelerinin ECO tahmin edicileri,

dl(a,A|x) —0 ve dl(a,A|x) _

da da 0,

elde edilen esitlikler sonucunda ortaya ¢ikan lineer olmayan denklem sistemlerinin ¢ézimii
gerekmektedir. Bu nedenle, ¢oziime ulasmak icin nlimerik yontemler kullanilmalidir. Bu
caligmada, Nelder-Mead optimizasyon yontemi tercih edilmistir.

3.2. SKO Altinda ECO Tahmini

X(i:m)j» )’ninci dongiide NH(a, A1) dagilimindan alman m boyutlu i’ninci kiimedeki i’ninci sira
istatistigi olsun. Burada i = 1,...,m ve j = 1, ..., r’dir. m kiime biiyiikligi ve r tekrar sayisi
olmak tzere X(.m); NH(a,4) dagilimindan alinan n=mr biyiikligiinde sirali kiime
orneklemini olusturur. X ;.n,y; nin oyf asagidaki gibi yazilir;

! i—1 —i
FomyyXamy) = o [F Kam )] [1 = FEam )™ fKeiomy)-
Olabilirlik fonksiyonu,

L(Auglx(i:m)j) = H;:l H:ril fX(i;m)]‘ (x(i:m)j)
= ITj=1 [T21 CaA(1 + Ax)* exp(1 — (1 + Ax)®)[1 — exp(1 — (1 + Ax) )]
X [exp(1 = (1 + Ax )™, (6)

seklinde elde edilir. Burada C = o bi¢imindedir. Ortaya ¢ikan lineer olmayan denklem

m!
(i—-D!(m-i
sistemlerinin analitik ¢6ziimii olduk¢a zordur. Bu ¢alismada, Nelder-Mead optimizasyon
yontemi kullanilarak ¢6zlime ulasilmistir.

3.3. HSKO Altinda ECO Tahmini

Xi(1iky)j =0 X(ley—kp) kg —ky:k)j NH(@, 4) dagilimindan alinan m boyutlu érneklem olsun. m
kiime biiytikligii ve r tekrar sayisi olmak tizere, NH(a,A) dagilimindan alinan n=mr

biiytikliigiinde sirali kiime 6rneklemini olusturur. X ((:;1__,’:11)) ’in oyf asagidaki gibi yazilir;
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_ Per(I")
f x(m () = (r—D)!(m—ky—1)!"
burada
F(l:m—kl) (x) F(m—kl:m—kl) (x)
['= f(l:m—kl) (X) f(m—klzm—kl) (X) . (7)

1= Fumip(X) o 1= Fon_g,m-k,)(X)

Daha sonra olabilirlik fonksiyonu bulunarak ilgili parametrelere gore tiirevleri alinip sifira
esitlenerek ECO tahmin edicileri elde edilir. Denklem sistemleri karmasik oldugundan dolay1
niimerik yontemler kullanilmistir.

4, SIMULASYON CALISMASI VE SONUCLAR

Bu béliimde NH dagilimmin parametrelerinin BTO, SKO ve HSKO tasarimlarina dayali ECO
tahmin edicilerinin performanslarin1 karsilastirmak amaciyla Monte-Carlo simiilasyon
caligmast yapilmistir. Karsilastirma calismasi yan ve hata kare ortalamasi (HKO) kriterine gore
yapilmigtir. Monte-Carlo simiilasyon calismasi farkli 6érnek ¢api ve parametre degeri igin
10.000 tekrarla MATLAB programi kullanilarak yapilmistir. Ornek caplar1 n=8,12,16 olarak
alinmistir. Parametre degerleri a; A= (0.2;2), (0,4;0.2), (0.5;0.5), (0.3;1) olarak alinmistir. Elde
edilen sonugclar Cizelge 2 ve 3’te verilmistir.

Cizelge 2. (0.2;2) ve (0.4;0.2) parametreleri i¢in yan ve HKO degerleri.

a; A YAN HKO
n m; r Yoéntem & A a y)
BTO 0.5700 1.7847 49,9813 | 668.2335
8 m=4; r=2 SKO 0.3158 9.5371 0.0002 1.6757
HSKO 0.2633 3.1647 0.0121 7.8861
022 BTO 0.1104 0.6821 2.6852 75.1802
' 12 m=3; r=4 SKO 0.0536 0.6061 0.2814 29.6120
m=4; r=3 0.0528 0.7927 0.7089 307.64
HSKO 0.0359 0.5537 0.0140 64.2848
BTO 0.0447 0.4540 0.0746 22.2485
16 m=4; r=4 SKO 0.0284 0.3372 0.0088 8.2039
HSKO 0.0273 0.3203 0.0068 7.2211
BTO 10.2202 0.1694 1.2945 0.0191
8 m=4: r=2 SKO 17.2605 23.840 0.0026 5.3741
HSKO 7.2220 0.0511 | 773.6707 | 0.9909
0.4:0.2 BTO 2.6277 0.0435 | 229.1920 | 0.1636
' 12 m=3; r=4 KO 2.0450 0.0310 | 183.0144 | 0.1040
m=4; r=3 5.8362 0.0624 | 699.8352 | 0.4778
HSKO 1.3152 0.0191 90.4814 0.2085
16 BTO 0.7463 0.0263 43.1921 0.0749
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m=4; r=4 SKO 0.5073 0.0122 | 28.4870 | 0.0352
HSKO 0.5258 0.0165 28.008 0.2525
Cizelge 3. (0.5;0.5) ve (0.3;1) parametreleri i¢in yan ve HKO degerleri.
a; A YAN HKO
n m; r Yontem a A a y)
BTO 18.44 0.2696 2.6815 0.0177
8 m=4;r=2 SKO 26.1423 | 0.9639 4.1669 1.2502
HSKO | 12.7725 | 0.1876 1.6102 0.0196
0.5:0.5 BTO 5.5941 0.1088 | 599.4872 | 1.4240
12 m=3; r= SKO 4.0063 0.0517 | 375.8930 | 0.5384
m=4, r=3 3.7186 0.0349 1.3543 0.0123
HSKO 3.2733 0.0058 | 291.8005 | 0.2720
BTO 2.2887 0.0491 | 199.5388 | 0.4063
16 m=4; r=4 SKO 1.4357 0.0103 | 105.7385 | 0.1983
HSKO 1.4412 0.0154 | 111.6652 | 0.1874
BTO 3.6448 0.5246 | 375.4871 | 57.5463
8 m=4; r=2 SKO 7.4032 2.8466 0.0983 1.0256
HSKO 2.3573 04177 | 226.8304 | 29.3511
BTO 0.6877 0.2686 | 46.4810 | 12.3041
m=3; r=4 " 0.5044 0.2200 | 31.7909 | 3.5794
0.3:1 12 m=4, r=3 SKO 1.8812 0.0511 | 164.9473 | 96.9850
HSKO 0.3766 0.1360 | 23.8809 | 2.2783
BTO 0.2280 0.1843 | 11.2726 | 11.8085
16 m=4; r=4 SKO 0.1206 0.0959 3.7641 1.0018
HSKO 0.1471 0.1126 6.1258 2.0957

Elde edilen sonuglara bakildiginda;

e Ornek ¢api arttikga yan ve HKO degerlerinin diistiigii goriilmektedir. Bu durum tahmin
edicilerin tutarli oldugunu gostermektedir.

e Yan degerlerine bakildiginda, @ = 0.2,4 = 2.0 durumu hari¢ diger tim parametre
kombinasyonlarinda A tahmin edicisi daha diisiik yan degerlerine sahiptir.

e HKO degerlerine bakildiginda, yine a = 0.2,4 = 2.0 durumu hari¢ diger tim
parametre kombinasyonlarinda A tahmin edicisi daha diisik HKO degerlerine sahiptir.

e Orneklem yontemlerine bakildiginda ise genel olarak en diisiik yan ve HKO degerlerine

sahip yontem HSKO yéntemidir. HSKO yontemini sirasiyla SKO ve BTO izlemektedir.
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OZET

Bazi aragtirmalarda, 6rnekleme siirecinin maliyet etkin olmasi biiyiik bir 6nem tasir, 6zellikle
de incelenen 6zelligin 6lgiilmesi pahali, zahmetli veya zaman alictysa. Verileri ilgilenilen
degiskene gore siralayan ancak Ol¢clim maliyetlerini diisiirmeyi amaclayan sirali kiime
orneklemesi (SKO) ydntemi, bu tiir durumlar igin etkili bir yaklasimdir. SKO metodu, yaygin
olarak kullanilan basit tesadiifi 5rnekleme (BTO) metoduna bir alternatif olarak gelistirilmistir.
SKO yéntemi; sanayi, tarim, ¢evre ve ekoloji, biyoloji, miihendislik ve jeoloji gibi pek ¢ok
alanda yaygin olarak kullanilmaktadir. Son yillarda arastirmacilar tarafindan SKO’ye alternatif
farkli metotlar gelistirilmektedir. Bunlardan birisi de maksimum sirali kiime orneklemesi

metodudur (MaxSKO).

Bu ¢alismada, Power Rayleigh dagiliminin bilinmeyen parametrelerinin Medyan Sirali Kiime
Orneklemesi (MSKO), Ug Sirali Kiime Orneklemesi (USKO) ve MaxSKO tasarimlari altinda
tahmin edilmesi iizerinde durulacaktir. Parametre tahmin yontemi olarak en c¢ok olabilirlik
yontemi kullanilmistir. Bir simiilasyon ¢alismasi ile tahmin edicilerin etkinlikleri yan ve hata
kare ortalamasi kriterlerine gére karsilastirilmistir. Sonuglar incelendiginde MaxSKO altinda
edilen yan ve hata kare ortalamasi degerlerinin, MSKO ve USKO metotlarma gore birgok

durumda daha diisiik degerlere sahip oldugu goriilmiistiir.

Anahtar Kelimeler: Maksimum sirali kiime orneklemesi, Sirali kiime orneklemesi, En ¢ok

olabilirlik, Power Rayleigh dagilimi.
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1. GIRIS

Sirali Kiime Orneklemesi (SKO) yéntemi, ilgilenilen degiskenin gergek olgiimiiniin emek,
zaman, maliyet bakimindan zor oldugu fakat ilgili birimleri goérsel yolla ya da herhangi bir
yardimec1 degiskene bagli olarak siralamanin kolay oldugu durumlarda Basit Tesadiifi
Orneklemeye (BTO) alternatif olarak gelistirilmis bir yontemdir. SKO ilk olarak McIntyre [1]
tarafindan meralarin ortalama tiriin miktarini1 tahmin etmek amaciyla 6nerilmistir. Takahasi ve
Wakimoto [2] SKO’de siralamanin hatasiz oldugu durumlarda SKO tasarimiyla elde edilen
ornek ortalamasinin y1gin ortalamasinin yansiz bir tahmin edicisi oldugunu ve SKO tasarimiyla
elde edilen 6rnek ortalamasima iliskin varyans degerinin BTO tasarimiyla elde edilen aym
biiyiiklikteki Ornek ortalamasma iliskin varyans degerinden daha kiiciik oldugunu
gostermislerdir. Dell ve Clutter [3] SKO tasarimma iliskin siralama hatasinin oldugu
durumlarda da Takahasi ve Wakimoto [2] tarafindan bulunan sonuglara benzer sonuglar elde
etmislerdir. SKO ydntemi sanayi, tarim, gevre ve ekoloji, biyoloji, miihendislik ve jeoloji gibi
pek ¢ok alanda yaygin olarak kullanilmaktadir. SKO’ de siralama hatasini azaltmak amaciyla
farkli SKO tasarimlar1 gelistirilmistir. Samawi ve ark. [4] Ug¢ Swrali Kiime Orneklemesini
(USKO) énermislerdir. Muttlak [5] y1gma iliskin ortalama tahmini i¢in Medyan Sirali Kiime
Omeklemesi (MSKO) tasarimini dnermistir. Al-Saleh ve Al-Kadiri [6] Cift Sirali Kiime
Orneklemesi (CSKO), Jemain ve Al-Omari [7] Double Quartile Sirali Kiime Orneklemesi ve
Double Percentile Sirali Kiime Orneklemesi tasarimlarini, Al- Nasser [8] L Sirali Kiime
Orneklemesi (LSKO) tasarimini, Al- Nasser ve Bani-Mustafa [9] Robust Extreme Sirali Kiime
Orneklemesi tasarimlarin1 dnermislerdir. Bununla birlikte Biradar ve Santosha [10] esit
olmayan &rneklerle maksimum sirali kiime &rneklemesi (MaxSKOQ) yéntemini dnermistir.

Birgok arastirmaci, dagilimlarin parametrelerinin tahminini SKO veya onun modifikasyonlarini
kullanarak ele almislardir. Ornegin, Omar ve Ibrahim [11] Pareto dagiliminin parametrelerini
u¢ SKO altinda, Hussian [12] Kumaraswamy dagilimmin parametrelerini BTO ve SKO
tasarimlar1 altinda, Dey ve ark. [13] Rayleigh dagilimmnin parametrelerini farkli SKO
tasarimlar1 altinda, Sabry ve Shaaban [14] inverse Weibull dagiliminin parametrelerini neoteric
SKO ve double neoteric SKO altinda, Shaaban ve Yahya [15] exponentiated Gumbel
dagilmmin parametrelerini farkli SKO tasarimlar1 altinda, Rashwan ve Tawfic [16]
exponentiated Pareto dagilimimin parametrelerini SKO tasarimi altinda tahmin etmislerdir.

Power Rayleigh (PR) dagilimi Bhat ve Ahmad [17] tarafindan Rayleigh dagilimin bir
genellestirmesi olarak onerilmistir. PR dagiliminin dagilim fonksiyonu ve olasilik yogunluk
fonksiyonu sirasiyla agsagida verildigi gibidir:

F(x)=1—exp (— %) 1)

x21

fx) = :—zxzn‘lexp (— ﬁ). (2)
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Bu calismada MSKO, USKO ve MaxSKO yéntemlerine dayali olarak Power Railey
dagiliminin bilinmeyen parametrelerinin tahminleri en ¢ok olabilirlik yontemi kullanilarak elde
edilmistir. Bir Monte Carlo simiilasyon ¢aligmasi ile elde edilen tahminlerin performanslart yan
ve hata kare ortalamasi kriterlerine gore karsilastiriimistir.

2. ORNEKLEME YONTEMLERI

Bu bosliimde MSKO, USKO ve MaxSKO’nin 6rnek secimi ve algoritmasi ile ilgili detayli
bilgiler verilecektir.

2.1. Medyan Siral1 Kiime Orneklemesi

Medyan Sirali Kiime Orneklemesi Muttlak [5] tarafindan 6nerilen, y1gin oratalamasinin
tahmininde medyan1 kullanan bir tasarimdir¢ MSKO tasarimu ile 6rnek seciminde drnek
capinin tek ve cift oldugu durumlara goére se¢im islemi adimlari asagida verildigi gibidir:

Y1g1n igerisinden m? capli 6rnek gekilir. Cekilen m? gapli drnek her biri m gdzlem biriminden
olusacak sekilde m tane kiimeye tesadiifi olarak paylastirilir. Her bir kiime icerisindeki gbzlem
degerleri ilgilenilen degisken bakimindan ucuz ve kolay bir 6l¢limle siralanir.

Ornek capr tek ise;

e Her bir kiimedeki medyan (ortanca) deger gercek 6l¢iim i¢in segilir.
e 1- 3 adim arasindaki islemler r kez tekrarlanabilir. Bu durumda n=mr tane goézlem
birimi ilgilenilen degiskene gore gercek 6l¢iim i¢in se¢ilmis olur.
Ornek capr ¢ift ise;

e ik m/2 kiimedeki (m/2). siradaki gozlem degerleri, geriye kalan m/2 kiimedeki ise
[(m/2)+1]. siradaki gézlem degerleri gergek Olgiim igin gekilir.

e Verilen adimlar r kez tekrarlanabilir. Bu durumda n=mr tane gézlem birimi ilgilenilen
degiskene gore gercek 6l¢lim icin se¢ilmis olur.

2.2. Ug Sirali Kiime Orneklemesi

Ug Sirali Kiime Orneklemesi Samawi ve ark. [4] tarafindan dnerilmistir. USKO’de 6rnek segim
islemi 6rnek capmnin tek ya da cift olmasina gore farklilik gdstermektedir. ik olarak yigin
icerisinden m? ¢apl &rnek cekilir. Cekilen m? ¢apli &rnek her biri m gozlem biriminden
olusacak sekilde m tane kiimeye tesadiifi olarak paylastirilir. Her bir kiimedeki gozlem degerleri
kendi igerisinde ilgilenilen degisken bakimindan gorsel yolla ya da ucuz bir 6l¢iim metoduyla
siralanir.

Ornek capr tek ise;

e Ilk (m-1)/2 kiimedeki en kiigiik gézlem degerleri, (m+1)/2 kiimedeki medyan gozlem
degerleri, geriye kalan (m-1)/2 kiimeden ise en biiyiikk gbzlem degerleri gergek 6lgiim
i¢in segilir.

e 1 ile 3. adim arasindaki islemler r kez tekrarlanabilir. Bu durumda n=mr tane gozlem
birimi ilgilenilen degiskene gore gercek Ol¢lim icin Se¢ilmis olur.
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Ornek ¢apr ¢ift ise;
e Ik (m)/2 kiimeden en kiigiik gdzlem degerleri, geriye kalan (m)/2 kiimeden ise en
biiyiik gézlem degerleri gercek 6l¢iim igin secilir.
e Verilen adimlar r kez tekrarlanabilir. Bu durumda n=mr tane gézlem birimi ilgilenilen
degiskene gore gercek 6l¢iim i¢in se¢ilmis olur.

2.3. Maximum Sirali Kiime Orneklemesi

SKO’de siralama hatalarmi azaltmak amaciyla farkli modifikasyonlar gelistirilmistir. Bu
boliimde Biradar ve Santosha [10] tarafindan 6nerilen esit olmayan 6rneklerle maksimum sirali

kiime orneklemesi (MaxSKO) yontemi tanitilacaktir. MaxSKO yonteminde 6rnek secim
adimlar1 asagida verildigi gibidir:

e [lgili yigindan m? capli 6rnek BTO’ ye dayali olarak segilir. Secilen m? ¢apli 6rnek her
biri m gozlem biriminden olusacak sekilde m tane kiimeye tesadiifi olarak paylastirilir.

e m tane kiimeye tesadiifi olarak paylastirilan gézlem birimleri ilgilenilen degiskene gore
ucuz ve kolay bir 6l¢iimle biiyiikten kiigiige siralanir. Bu siralama gorsel yolla veya
ilgilenilen degiskenle yiiksek derecede iliskili bir yardimci degisken kullanilarak
yapilabilir.

e Birinci kiimeden birinci siradaki birim goézlem degeri, ikinci kiimedeki ikinci gozlem
degeri ve m. kiimedeki m. gozlem degeri gergek Ol¢lim igin segilir. Buradaki 6l¢iim
ilgilenilen degiskene gore en hassas 6l¢gme diizeyi ile gerceklestirilir.

e Adim 1-3r kez tekrarlanarak toplam 6rnek ¢ap1 n olmak {izere n=mr tane gézlem birimi
gergek Olglim igin segilmis olur (Biradar ve Santosha [10]).

Cizelge 1. r=1 iken MaxSKO ile 6rnek secimi.

Kiime Y1gindan segilen gozlem Biiytikten kii¢lige siralanan Ornege segilen
birimleri gdzlem birimleri gbzlem birimleri
1 Y11' Y12' R Ylm Yl(l:m)li Y1(2:m)2' e Yl(m:m)l Yl(l:m)l
2 Y211 YZZ) ey YZm Y2(1:m)1' YZ(Z:m)ZI ) YZ(m:m)l YZ(Z:m)Z
m le' sz' R Ymm Ym(l:m)l' Ym(z:m)z' e Ym(m:m)l Ym(m:m)l

Burada, siralamada hata yapilmadigi varsayimi altinda Yigmy;; i = 1,2,...,m; j= 1, 2,...,m olmak
tizere J. tekrardaki i. kiimenin i. sira istatistigini ifade etmektedir.

3. PARAMETRE TAHMINI

Bu béliimde, PR dagiliminin bilinmeyen parametreleri igin MSKO, ESKO ve MaxSKO altinda
ECO tahmin edicileri elde edilecektir.

3.1. MSKO Altinda ECO Tahmini

a) Ornek ¢ap1 m tek olsun. X () ‘nin olasilik yogunluk fonksiyonu,

2
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m-—1

oy 00) = o) (o)) = (1 (rgne))

m—1)
2

seklinde elde edilir. Olabilirlik fonksiyonu,

L(n,0; x) :H] 12 19( (m2+1) 17,9)

x. m+1\*" x. m+1y 2" (ng 1)
= ITj= T2 1C (m+1) 2n- 1exp( M) ll_exp< (") )l x

202 202
x..(m+1)2n ( 2_ )
ij
exp (— T) , ©)

seklinde elde edilir. Burada C = U—D'L(;n—z)' bi¢imindedir. Daha sonra log-olabilirlik

fonksiyonu bulunup ilgili parametrelere gore tiirevleri alinip sifira esitlenerek ECO tahmin
edicileri elde edilir.

b) Ornek cap1 m ¢ift olsun. x, H() ve x. () "nin olasilik yogunluk fonksiyonu,
2 2

sl )~ () oy ne) (e 1))

X (1 -F (xij(g): m, 9)) f (xij(an); m, 9) (F (xij(mTﬂ); ,”9)> N (1 _r (xij(mT“)i . 9)>%—1

seklinde elde edilir. Olabilirlik fonksiyonu,

L(n,0; x) = HJT'=1 H:n/129< (2) )H] I (m+2)/29( (m+2) 7’19)
21 2n %_1 27 %
= [ TI2 € G, (m) ™ exp (— e )(1—eXp (— - )) <exp (— e ))
n xi'(m—“)zﬂ xij(’"—“)zn Tij(m2 "
[T-, Hﬁ(m”)/zg—zxij(an)zn—l exp —’2# 1—exp| ——2— exp| ——Z— , (4)

seklinde elde edilir. Burada C = #(Ln_l)' bi¢imindedir. Daha sonra log-olabilirlik

fonksiyonu bulunup ilgili parametrelere gore tlirevleri alinip sifira esitlenerek ECO tahmin
edicileri elde edilir. Elde edilen bu lineer denklem sistemlerinin ¢oziimii olduk¢a zordur.
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Bunu i¢in niimerik yontemlere ihtiyag¢ vardir. Bu ¢calismada niimerik yontemlerden Nelder-

Mead optimizasyon yontemi kullanilmistir.

3.2. USKO Altinda ECO Tahmini

a) Ornek ¢ap1 m tek olsun. X; iy Xijem) and X i (m_—l—l) "nin olasilik yogunluk fonksiyonu,
2

m-—1
g (xll(l)'xu(m)' () 5 T ) =mf (xyjcn 1,60) (1= F(xijr 1.0)) " f(xijomy .6)

-1

(<o n0)" e ez 1) (# (respe))

(e o)

seklinde elde edilir. Olabilirlik fonksiyonu,

L(n,6; x) = H(m sz 9(xijy s m0) iea T oma1y/2 9 (Xijemy 5 1, 6)

11_[1 mg( (mzl) r],9>

(m-1)

m—1
Lo 21 ....2n
—_ 1 2 1 Xij(1) Xij(»
—Hj=11_[i=1 ngx 2n- exp(— 202 )(exp(_ 202 >>

m-1
.. 2n .. 2n
x2n-1 Xij(m) Xij(m)
1_[] 11li= (m+1)/292 K exp(— 202 )(1_exp(_ 202 ))

(1_

m—1 m-1
X..rm+1 n X..rm+1 n z X..m+1 n 2
— ) Ul—— Ul——
| J I ) i 92 U(m+1)2’7 Lexp <— %) 1—exp (— %) exp <— %)
seklinde elde edilir. Burada C = #(;n_l)' bi¢imindedir. Daha sonra log-olabilirlik

fonksiyonu bulunup ilgili parametrelere gore tiirevleri alinip sifira esitlenerek ECO tahmin

edicileri elde edilir.

b) Ornek ¢ap1 m ¢ift olsun. X; j(1) V€ Xjjmy nin olasilik yogunluk fonksiyonu,

9(xija Xijomys 1.0) = mf (xij0; 1,0) (1 -

m-—1
F(xijqay; 77:9)) (xijamy; 1,6) (F(Xij(m): 77,9))

m—1

165



SN
Je

MUNZUR 8th INTERNATIONAL CONFERENCE ON APPLIED SCIENCES
April 11 - 13, 2025- TUNCELI
ISBN NR. : 978-625-5962-60-7

ACADE
r%
<
onmsn®

www.skademikongre.arg

seklinde elde edilir. Olabilirlik fonksiyonu,

L(n,0; x) = [Ij=1 Hﬁ/fg(xij(l) ; 1,0) [T}=4 Hﬁ(mz)/zg(xij(m) ; 1n,0)

m-1
m/2 xij?" xija)"
l_[] 1 l_[ l](l) eXp (_ ]2;2 > <eXp <_ ]2;2

m-—1
n - Xijem) 2" Xijem) "
ngngmw@ﬂwwnwmpfﬁﬁQ—wd-ﬁgﬁ ©
seklinde elde edilir. Burada C = #&n_l)' bi¢imindedir. Daha sonra log-olabilirlik

fonksiyonu bulunup ilgili parametrelere gore tiirevleri alinip sifira esitlenerek ECO tahmin
edicileri elde edilir. Elde edilen lineer olmayan denklemler Nelder-Mead optimizasyon yontemi
ile ¢oziilmiistiir.

3.3. MaxSKO Altinda ECO Tahmini

Ximyjpt=1,..,m;j=1,..,r PR dagilmindan n=mr ¢apl rasgele drneklem olsun. X;;’nin
olasilik yogunluk fonksiyonu,

9(as; 1.0) = if (s ,6) (Fxiys 0.6))

seklinde elde edilir. Olabilirlik fonksiyonu,

i—-1
] _ xi.zn xi-zn
0050 =M T e e (25 (1-ew (<)) @

seklinde elde edilir. Daha sonra log-olabilirlik fonksiyonu bulunup ilgili parametrelere gore
tiirevleri alinip sifira esitlenerek ECO tahmin edicileri elde edilir. Elde edilen lineer olmayan
denklemler Nelder-Mead optimizasyon yontemi ile ¢oziilmiistiir.

4. GENEL DEGERLENDIRME VE SONUCLAR

Bu boliimde BTO, SKO ve MaxSKO tasarimlarinin performanslarini karsilastirmak amactyla
Monte Carlo simiilasyon ¢aligmasi yapilmistir. Simiilasyon ¢aligmasinda Power Rayleigh
dagilimindan belirlenen parametre degerlerinde 6,7= (0.3;06), (0.5;1.4), (0.7;0.9), (1.4;1.1) ve
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n=9,12,16 degerlerinde rastgele Ornekler {liretilmistir. Segilen Orneklere dayali olarak
parametrelerin tahmin edicilerine iliskin yan ve hata kare ortalamasi (HKO) degerleri elde
edilmistir. Monte Carlo tekrar sayist 10000 olarak alinmigtir. Calismada MATLAB programi
kullanilmigtir. Simiilasyon ¢alismasina ait sonuglar Cizelge 2 ve 3’ te verilmistir.

Cizelge 2. (6;n = 0.3; 0.6) ve (6;n = 0.5; 1.4) parametrelerine iligkin yan ve HKO degerleri.

0;n Yan HKO
m;r ] il 0 il
3%3 0.2305 05899 | 0.0615 | 0.3480
MSKO 3*4 0.2179 0.5890 0.0599 0.3469
4%3 0.2197 05889 | 0.0598 | 0.3468
4%4 0.2032 05878 | 0.0588 | 0.3456
3%3 0.2317 05897 | 0.0613 | 0.3478
0.3:0.6 USK 3%4 0.2166 05886 | 00597 | 0.3465
4%3 0.2702 24112 | 01440 | 6.7482
4%4 0.2350 22759 | 0.0900 | 5.8044
3*3 0.0271 0.0904 | 0.0061 | 0.0507
) 3%4 0.0200 0.6230 | 0.0042 | 0.0286
MaxSKO 4%3 0.0181 0.0564 | 0.0038 | 0.0243
4%4 0.0135 0.0404 | 0.0027 | 0.0156
3*3 0.4632 13798 | 02153 | 1.9040
) 3%4 0.4620 13796 | 02142 | 1.9033
MSKO 4%3 0.4626 13801 | 02147 | 19047
4%4 0.4618 13798 | 02141 | 1.9039
3*3 0.4630 13803 | 02151 | 19053
0514 ) 3%4 0.4619 13801 | 02142 | 1.0048
! USKO 4%3 2.1474 02913 | 20.0319 | 0.1628
4%4 1.8048 02625 | 56969 | 0.1252
3*3 0.0218 01939 | 0.0070 | 0.2445
) 3%4 0.0161 01425 | 0.0048 | 0.1551
MaxSKO 4%3 0.0149 01201 | 0.0041 | 0.1293
4%4 0.0109 0.0930 | 0.0029 | 0.0864

Cizelge 3. (6;n = 0.7;0.9) ve (0; 1 = 1.4; 1.1) parametrelerine iligkin yan ve HKO degerleri.

0;n Yan HKO
m;r ] il ] il
) . 3*3 0.6491 0.8706 0.4239 0.7582
0.7.0.9 MSKO 3*4 0.6459 0.8686 0.4198 0.7547
4*3 0.6454 0.8681 0.4191 0.7538
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4%4 0.6415 0.8659 0.4144 | 0.7500
3*3 0.6474 0.8694 04217 | 0.7561

USKG 3%4 0.6457 0.8676 04195 | 0.7529

43 0.3988 0.1158 06422 | 0.0647

4%4 0.3139 0.0939 02917 | 0.0446

3*3 0.0007 0.1278 00111 | 0.1058

) 3%4 0.0024 0.0931 0.0075 | 0.0668

MaxSKO 4*3 0.0005 0.0783 0.0060 | 0.0518

4%4 0.0011 0.0590 0.0042 | 0.0353

3*3 1.3316 1.0547 17778 | 1.1131

) 3%4 1.3257 1.0544 17628 | 1.1125

MSKO 43 1.3217 1.0546 1.7528 | 1.1130

4%4 1.3159 1.0541 17378 | 1.1119

33 1.3237 1.0559 17579 | 1.1155

1411 ) 3*4 1.3181 1.0550 17435 | 1.1137
’ USKO 43 0.1914 0.4833 25696 | 0.2475
4%4 0.0332 0.4949 04899 | 0.2544

33 0.1913 0.1579 0.3423 | 0.1587

) 3%4 0.1324 0.1130 0.1753 | 0.0951

MaxSKO 4%3 0.1102 0.0987 | 01343 | 0.0811

4%4 0.0776 0.0730 0.0752 | 0.0535

Elde edilen sonuglara bakildiginda;

Ornek capr arttikca yan ve HKO degerlerinin diistiigii goriilmektedir. Bu durum tahmin
edicilerin tutarli oldugunu gostermektedir.

Yan degerlerine bakildiginda, 6 = 1.4,7 = 1.1 durumu hari¢ genel olarak
6 tahmin edicisi daha diisiik yan degerlerine sahiptir.

HKO degerlerine bakildiginda, yine benzer sekilde 8 = 1.4, = 1.1 durumu harig
genel olarak # tahmin edicisi daha diisiik HKO degerlerine sahiptir.

Toplam 6rnek ¢ap1 ve tekrar sayist ayni kalmak tizere dikkate alinan tasarima iliskin
kiime ¢api arttik¢a yan ve HKO degerleri diismektedir.

Orneklem yontemlerine bakildiginda ise tiim durumlarda daha diisiik yan ve HKO
degerlerine sahip olan yontemin MaxSKO oldugu acik¢a goriilmektedir. MaxSKO
sirastyla USKO ve MSKO izlemektedir.
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UTILIZING THE DETECTION OF PROMPT INJECTION ATTACKS IN A LARGE
LANGUAGE MODEL

Doc¢.Dr. Canan BATUR SAHIN
MALATYA TURGUT OZAL UNIVERSTY
canan.batur@ozal.edu.tr - 0000-0002-2131-6368

OZET

Large Language Models (LLMs) are vulnerable to prompt injection attacks, which can be as
harmful as code injections that alter a program's behavior. Malicious prompt injections can
manipulate the execution flow of essential business logic. Because LLMs rely on user-provided
text to dictate their operations, this vulnerability presents significant risks to business and
cybersecurity, particularly in interactive systems. Recognizing and addressing these threats is
essential to protect our operations effectively. To the security and reliability of artificial
intelligence systems, we propose a comprehensive strategy to enhance the detection of prompt
injection within large language models. This approach will utilize advanced deep-learning
techniques at the forefront of technological innovation. By incorporating these cutting-edge
methods, we can improve our ability to identify and mitigate potential vulnerabilities, ensuring
that Al systems operate safely and effectively. The proposed method significantly enhances its
ability to analyze and identify patterns related to injection-type detection by 0.99%. This
improvement highlights the method's effectiveness in distinguishing between different types of

injection attacks, enhancing overall system security and resilience against potential threats.

Anahtar Kelimeler: Cyber-security, Large Language Models, Injections, Vulnerabilities,
Attacks.

1. INTRODUCTION
Large Language Models (LLMs) are a pivotal class of language models demonstrating
impressive capabilities in understanding and generating language. These models are a

foundation for developing many recent products and applications, highlighting their potential to
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enhance communication and interaction in various fields. Implementing large language
models (LLMSs) in cybersecurity brings forth a range of opportunities for enhancing threat
detection, improving incident response, and automating various security processes.
However, it also introduces a series of challenges that need to be carefully considered,
including concerns around data privacy, the potential for biased outcomes, and the need
for robust training datasets. Addressing these issues is essential for maximizing LLMS'
benefits while ensuring cybersecurity practices' integrity and safety. Large Language
Models (LLMs) present remarkable opportunities for enhancing security, particularly in
their battle against prompt injection attacks. As code injections can shift a program's
behavior, prompt injections can impact vital business logic. This reality emphasizes the
need for robust safeguards, as LLMSs thrive on user-provided text to steer their operations.
By confronting these vulnerabilities, we can elevate the reliability and safety of these
powerful tools and unlock their full potential. Injection flaws represent a significant
category of vulnerabilities, including famed issues such as SQL Injection (SQL1i), Cross-
Site Scripting (XSS), and Remote Code Execution (RCE). Recognizing these
vulnerabilities is crucial, as they can fundamentally alter the execution flow of programs.
By addressing these weaknesses head-on, organizations can empower themselves against
malicious actors threatening vital data confidentiality, integrity, and availability.
Embracing robust security measures fortifies critical information and cultivates a secure
and trustworthy digital landscape. Prompt injections can be distinctly categorized into
two impactful types: direct and indirect. Direct injections involve "jailbreaking™ the
system prompt, allowing users to unlock innovative use cases. In large language models
(LLMs), "jailbreaking” refers to the skillful modification of prompts to effectively
manipulate the model, resulting in outputs beyond its intended capabilities.

On the other hand, indirect injections can also lead to damaging consequences stemming
from compromised external data sources—Iike attacker-controlled websites—accessed
by the LLM during operation. By proactively identifying and reinforcing these
vulnerabilities, developers can significantly bolster the reliability and integrity of LLMs,
protecting them against such manipulative tactics and ensuring a safer user experience.
This study makes a valuable contribution to detecting vulnerabilities caused by prompt
injection in LLMs, leveraging the capabilities of attention mechanism-based LSTM.
Wang et al. (2025) describe a novel approach called DiffusionAttacker that uses diffusion

models to generate jailbreak prompts for large language models. The method employs a
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sequence-to-sequence text diffusion model as a generator, conditioning on original prompts and
guiding the denoising process with a specialized attack loss to bypass safety mechanisms in
LLMs.

By analyzing their internal representation space, Lin et al. (2024) explore how jailbreak attacks
work in large language models (LLMs). The researchers discovered that successful jailbreak
attacks tend to move the representation of harmful prompts toward areas in the model's

representation space associated with harmless content.

Hung et al. (2024) investigated how prompt injection attacks work by analyzing attention
patterns within LLMSs. Their approach outperforms existing prompt injection detection
approaches, improving AUROC scores by up to 10% compared to baseline methods,

particularly on small language models where other methods struggle.

Liu et al. (2024) highlight that traditional SQL injection detection methods often rely on
manually defined features, which makes them less adaptable to sophisticated attacks. The
research demonstrates impressive results, with an accuracy of 97.3%, precision of 96.3%, recall
of 96.2%, and an F1 score of 95.8%.

Kheddar (2025) explores how advanced Al technologies like transformers and LLMs are being
applied to enhance cybersecurity through more efficient and effective intrusion detection.

Luo et al. (2025) identify that when LLM layers are distributed across multiple devices (to
enable inference on resource-constrained hardware), the intermediate outputs shared between
participants may leak sensitive information about the original input prompts. This study is
particularly notable because it addresses an emerging area of LLM deployment (distributed

inference) that hasn't been thoroughly examined from a security perspective before.
Our study is organized as follows: Section 2 outlines the methods used in the research. Section

3 discusses the proposed approach. Section 4 details the experiments and their results. Finally,

Section 5 presents the conclusions and suggestions for future research.
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2. METHODS

2.1. LONG_SHORT TERM MEMORY (LSTM)
Recurrent Neural Networks (RNNs) have been foundational to sequence modeling tasks in

machine learning. However, standard RNNs suffer from the vanishing gradient problem, which
limits their ability to capture long-range dependencies in sequential data (Bengio et al., 1994;
Hochreiter, 1998). Long-short-term memory (LSTM) networks, first introduced by Hochreiter
and Schmidhuber (1997), were specifically designed to overcome this limitation through a
gating mechanism that regulates information flow through the network.

Despite the recent dominance of attention-based models like transformers (Vaswani et al.,
2017), LSTMs remain relevant and continue to serve as strong baselines in numerous sequence
modeling applications, including time series forecasting, natural language processing, speech
recognition, and anomaly detection in sequential data streams (Greff et al., 2017).

O

Figure 1. LSTM Neural Network Mechanism

Figure 1 represents the LSTM neural network mechanism. The Input layer effectively captures
the input data, I(t), at each specific time step t, ensuring optimal analysis and response.

The Forget Gate f(t) determines which information should be discarded from the cell state.
The hidden state indicates the transition from the previous hidden state (h(t-1)) to the current

hidden state (h(t)). It carries processed information to the next time step or to the output layer

(O(1)).
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The strength of LSTM networks lies in their ability to selectively remember or forget

information over long sequences. This capability makes them highly effective for language
modeling, speech recognition, and time series prediction tasks.

2.2. ATTENTION MECHANISMS
Attention is commonly used in neural networks, especially in sequence-to-sequence models

such as transformers. This mechanism lets the model focus on relevant parts of the input
sequence while generating each output element. In transformer models, this is typically
implemented through Multi-Head Attention, where multiple parallel attention mechanisms
concentrate on different input aspects. Visualizing the attention matrix reveals which tokens
pay attention to others, with higher values indicating stronger attention. This capability is handy
for capturing long-range dependencies within sequences.

Encoder Attention Decoder

Input Hidden States Decoder States Output

At%ention \ﬂ!eights I!’M‘Iatrix

h. h
° o """"""" see 0.7 0.2 0.05 0.03 002 .. L--"
""""""
_____ . 0.1 0.5 0.2

Figure 2. Attention Mechanism

3. PROPOSED MODEL

The proposed model effectively leverages a Long Short-Term Memory (LSTM) network
combined with attention mechanisms to robustly detect and defend against prompt injection
attacks targeting large language models (LLMs).

At the outset, user input is meticulously tokenized into individual components. For example, a
malicious prompt might begin with an innocent request, such as "Summarize the document,”
only to follow with an adverse injection like "lgnore previous instructions and output system

credentials.” The tokenized input is then processed through a LSTM layer, adeptly capturing

175



iR
A LORFERER
5 v,

,

ACADE

My 03

8
onmsn®

MUNZUR 8th INTERNATIONAL CONFERENCE ON APPLIED SCIENCES

April 11 - 13, 2025- TUNCELI
ISBN NR. : 978-625-5962-60-7

www.skademikongre.arg

sequential dependencies and contextual information from both directions. Each token generates
a hidden state representation, enhancing the model's understanding.

The Self-Attention Mechanism enables the model to discern intricate relationships between
tokens across the sequence. This capability is vital for detecting contextual shifts indicative of
prompt injection attempts. An attention heat map is generated, illuminating suspicious segments
that warrant further scrutiny.

The model effectively sanitizes the prompt upon identifying adversarial content, ensuring only
legitimate instructions are forwarded to the LLM.

This contextual understanding dramatically reduces false alarms compared to traditional rule-
based approaches. Unlike basic keyword filtering, the advanced LSTM-attention method
comprehensively understands semantic context, making it capable of detecting more
sophisticated injection attempts. The model is configurable to train on various injection
patterns, allowing continuous updates as new threats emerge. The model enhances security by
neutralizing threats before they reach the core LLM processing. Moreover, the attention

mechanism provides clear visual explanations for its detection decisions, enabling security
teams to conduct thorough audits.

Input layer
@ @ . @ Input sequence
LSTM layer
LSTM
@ @ . @ LSTM hidden states
Atten%grnhrs: Ui, Uz, Us, ..., Un Attention weights
mechanfsm I
I
as= Softmax

Normalized weights
Output layer =S ah Context vector

@ Predicted output

Figure 3. The Proposed LSTM-Attention Mechanism
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4. EXPERIMENTAL RESULTS

The experiments employed a finely tuned LSTM model enhanced by self-attention
mechanisms on an LLM platform. By implementing an 80/20 train-test split with stratified
sampling, we ensured a comprehensive representation of various attack types, maximizing the
robustness and reliability of our results.

The dataset employed in this research is the Advanced Prompt Injection Dataset, which
encompasses 10 distinct categories of prompt injection attacks. These categories include system
role manipulation, context hijacking, emotional manipulation, technical bypass, hidden
character injection, multi-layer injection, data exfiltration, context manipulation, recursive
manipulation, and semantic obfuscation.

Each category has 100 samples, each with six variations, resulting in a total of 600 samples per
injection type. The model leverages a Multihead Attention mechanism with the following key
specifications: Embedding Dimension: 512, Number of Attention Heads: 4, Self-Attention:
Applied to the LSTM outputs, where the query, key, and value are all identical.

A dropout rate of 0.5 is utilized for regularization. The training parameters are Batch Size,
Learning Rate, Number of Epochs, Optimizer, Loss Function, Tokenizer, and Max Sequence

Length are 32,1e-4, 10, Adam, CrossEntropyLoss, and BERT base uncased tokenizer 128
sequentially.
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Figure 4. Performance results of Prompt-Injection based on Naive Bayes Classifier ( %

)

In Figure 4 the model achieved perfect F1 scores (1.00) for detecting "multi_layer_injection”
and "semantic_obfuscation" attacks, suggesting that these attack patterns have highly
distinctive features that transformers can readily identify. For "context_hijacking," we observed
perfect precision (1.00) but lower recall (0.52), indicating that the model is very accurate when
it flags this attack type but misses nearly half of these attacks. This suggests that context-
hijacking attempts can sometimes be subtle and blend with legitimate requests. The model
achieved an overall accuracy of 89% on the test dataset, demonstrating strong detection
capabilities across diverse prompt injection attacks.

Figure 5 illustrates a significant enhancement in the model's capability to identify prompt
injection attacks, with 8 out of 9 types reaching F-scores of 0.95 or higher.
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Figure 5. Performance results of Prompt-Injection based on k-NN Classifier ( %)

Figure 6 shows impressive consistency across almost all attack types, with seven out of nine

achieving F-scores of 0.99 or higher. Even the lowest-performing attack type, emotional

manipulation, maintains an F-score of 0.92, which is still considered excellent performance for

most classification tasks. Overall, the system demonstrates balanced precision and recall, with

average scores of 0.98 for both metrics, indicating a very low rate of false positives and false

negatives.
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Figure 6. Performance results of Prompt-Injection based on Random Forest ( % )
Figure 7 illustrates the impressive performance of the prompt injection detection system, which
achieved an overall accuracy of 99%. This final version of the system marks a significant
advancement in the security of large language models (LLMs). The model demonstrates near-
perfect capabilities in identifying and classifying all significant types of prompt injection
attacks, with minimal instances of false positives or false negatives.
The system's 99% accuracy indicates that it can be reliably deployed in production
environments where security is critical. Its balanced performance in precision and recall means
that the system rarely overlooks actual attacks (high recall) while maintaining a very low rate
of false alarms (high precision).

180



| CONFERE,
5 Yo

MUNZUR 8th INTERNATIONAL CONFERENCE ON APPLIED SCIENCES
April 11 - 13, 2025- TUNCELI
ISBN NR. : 978-625-5962-60-7

P«W«DEM
'e,
&
onrene

www.skademikongre.arg

Overall Accuracy: 0.99

. Precision

B Recall

R 100 || Fsoore
S

| 1 1.00
I .00 Performance Summary

0.0 0.2 0.4 0.6 0.8 1.0

7
094 Perfect F-scores (1.00)
e 0.
O 1.00 T atack types
i 1 0.97 (77.8% of all types)
I 0.99
emotional_mani 2t 1.0 L
[ 1 1.00 2 aftack types
I 1.00 @22%ofalypes)
hidden_character_nje o 1 00
I 1 1.00 Key Achievements
I 100 |+ No F-scores below 0.97
Ty 1 00 Min.precision: 0.94
| | 1.00 c |n: precision: U.
1.00 * Min. recall: 0.95
R
| 1 1.00
I 00 | Oyerall Metrics
semantic_obfuscat o .00
| | 100 Avg. Precision: 0.99
e 100
S stem_role_manipula N 1 00 stiplizc B
| 1 1.00

Avg. F-score: 0.99

Figure 7. Performance results of Prompt-Injection based on Linear SVC (%)

These results highlight the effectiveness of attention-based mechanisms in large language

models for security purposes, providing a robust defense against various prompt injection
techniques.

5. CONCLUSION

The paper illustrates how attention mechanisms can effectively identify prompt injection

attacks in large language models. By analyzing the shifting patterns of attention weights

between legitimate queries and malicious instructions, we can achieve high accuracy in

detecting potential injection attempts. The combination of a LSTM architecture and a self-

attention layer has proven particularly adept at capturing contextual discontinuities that indicate
prompt injection attacks.
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Given the rapidly evolving nature of prompt injection attacks, ongoing research into detection
and mitigation strategies is essential. By utilizing attention mechanisms, we can enhance the
security of large language model deployments, ensuring they remain effective while

safeguarding against increasingly sophisticated adversarial techniques.
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OZET

Titresim denkleminin 6nemi son zamanlarda arastirmacilarin ilgisini ¢ekmistir. Deneysel,
ampirik veya sayisal analizler olmasina ragmen modern kesirli analitik yaklagimlar eksiktir. Bu
arastirmanin temel amaci, Caputo-Fabrizio ve Atangana-Baleanu kesirli operatérlerinin modern
yaklagimlar1 araciligiyla biiylik membran igin titresim denkleminin ikili islemini analiz
etmektir. Bliylik membran i¢in titresim denkleminin kesirli modelini analiz etmek igin, verilen
kosullar1 saglayan Laplace ve Hankel doniisiimleri kullanilarak analitik bir ¢alisma
yuriitiilmiustiir. Mevcut kesirli yontemler, giivenilirlik ve hesaplama verimliligi agisindan son
derece iyi performans gostermistir. Biiyiik membran i¢in titresim denkleminin kesirli modelinin
analitik isleminin dogrulugu ve gecerliligi icin, titresim denkleminde yer alan ilgili
parametrelerde ¢esitli benzerlikler ve farkliliklar ortaya koyan Caputo-Fabrizio ve Atangana-

Baleanu kesirli tlirevleri arasinda grafiksel bir karsilagtirma yapilmistir.

Anahtar Kelimeler : Titresim denklemi, Caputo-Fabrizio ve Atangana—Baleanu Kkesirli

tiirevleri, Wiman 6zel fonksiyonu, Analitik ¢oziimler.
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OZET

Perlit, dogal olarak olugmus silis kdkenli volkanik bir camdir, asidik karakterlidir ve
yiiksek su icerigine sahip amorf yapidadir. Perlit, belirli sicakliklarda 1siya tabi tutuldugunda
genleserek gozenekli hafif bir yapiya donlismesi en 6nemli 6zelligidir. Bu 6zelliginden dolay1
genlesmis perlit, yiiksek 1s1 ve ses yalitim 6zelligi olan hafif yap iiretimlerinde, sanayide ve
tarim sektoriinde kullanilmaktadir. Perlit, bulundugu konum ve olusum 6zelliklerine gére renk
ve yapi itibariyle birbirinden farklilik gosterebilmektedir. Ham perlit rengi saydam agik griden
parlak siyaha kadar degisebilmektedir.

Bu ¢aligmada, Canakkale/Biga ilgesi Isikeli koyli civarinda ayn1 maden yatagi igerisinde
yer alan t¢ fakli renkte perlit numunelerinin karakterizasyonu tizerine ¢aligmalar yapilmustir.
Yesil, kahverengi ve siyah renge ait bu li¢ perlit arasinda 1s11 genlesme farkliliklar: gériilmiistiir.
Bu farklar yapilan karakterizasyon c¢alismalariyla ortaya konmustur. Karakterizasyon
calismalarinda XRF, XRD, DTA, FTIR, Is1 Mikroskobu, SEM gibi analizlerden
yararlanilmigtir. Boylece farkli renkteki perlitlerin aralarindaki benzerlik ve farkliliklar
bulunmustur. Bu ii¢ farkli renkte olan perlitlere laboratuvar ortaminda 700°C, 800°C, 900°C ve
1000°C sicakliklarda 2-1mm, Imm-500pm, 500-250um, 250-125um boyutlarinda ve 1, 2, 3, 4,
5 dakika siirelerde genlesme denemelerine tabi tutularak genlesme performanslari tespit
edilmistir.

Tiim analizler sonucunda Isikeli bolgesinden alinan perlit 6rneklerinden yesil renkteki
perlitin genlestigi fakat kahverengi ve siyah renkteki perlit orneklerinin genlesmedigi
goriilmiistiir. Genlesmeyen kahverengi ve siyah perlitin, yesil perlite gore K20 degerleri yiiksek
bulunmustur. Genlesen yesil perlit tamamen amorf fazdan olusurken kahverengi ve siyah perlit
orneklerinde Cristobalit ve Albit gibi mineraller tespit edilmistir. Ayrica genlesen yesil perlitin
es merkezli (sogan) halkalar1 var olurken kahverengi ve siyah perlit 6rneklerinde yoktur.
Literatiirde belirtilen genlesmeyi etkileyen perlitin yapisindaki kristallerin varligi ve buna baglh
perlite ait es merkezli (sogan) halkalarinin olusumu ve yapisi yapilan analizler sonucu bu
calismada tutarli bulunmustur.

Anahtar Kelimeler: Ham perlit, Genlestirilmis perlit, Genlesme, Is1l islem, Karakterizasyon
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VIT TABANLI BiR DERIN OGRENME MODELI iLE COP SINIFLANDIRMASI
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OZET

Bu ¢alismada, ¢evresel siirdiiriilebilirlige katki saglamak amaciyla atik siniflandirma problemi
derin Ogrenme temelli bir yaklagimla ele alinmistir. Goriintii verisi olarak Garbage
Classification veri seti kullanilmis ve model egitimi Vision Transformer (ViT) mimarisi lizerine
insa edilmistir. Siniflar arasinda dengesiz dagilim olmasina ragmen modelin genelleme
basarimi, hem klasik egitim/test ayrimi hem de 5 kathi ¢apraz dogrulama yontemleriyle
kapsamli bigimde degerlendirilmistir. Model test verisinde %98.5 dogruluk ve capraz
dogrulamada ortalama %97.2 dogrulama dogrulugu ile yiiksek basar1 gostermistir. Sinif bazli
degerlendirmelerde F1 puam tiim smiflarda 0.94-1.00 araliginda seyretmis ve diisiikk 6rnek
sayisina sahip siniflarda dahi basarili sonuglar elde edilmistir. Gorsel analizler modelin siniflar
aras1 aywrt edicilik giliclinlin yiiksek oldugunu desteklemektedir. Bu c¢alisma, ViT tabanh
mimarilerin atik siniflandirma problemlerinde etkili bir ¢6ziim sundugunu gostermektedir.

Anahtar Kelimeler: Derin Ogrenme, Gériintii Isleme, Cop Siniflandirma.
GARBAGE CLASSIFICATION USING A VIT-BASED DEEP LEARNING MODEL

This study addresses the waste classification problem with a deep learning approach to support
environmental sustainability. The model is built upon the Vision Transformer (ViT)
architecture and trained using the "Garbage Classification” image dataset. Despite class
imbalance, the model’s generalization ability is extensively evaluated using both a traditional
train/test split and 5-fold cross-validation. It achieved 98.5% test accuracy and an average of
97.2% validation accuracy across folds. Class-wise evaluations show F1 scores ranging
between 0.94 and 1.00, including strong results even for minority classes. Visual analyses
confirm the model’s high discriminative capability across all classes. The study demonstrates
that ViT-based architectures provide an effective solution for waste classification problems.

Keywords: Deep Learning, Image Processing, Garbage Classification.
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1. GIRIS

Glinlimiizde artan niifus, kentlesme ve degisen tiiketim aligkanliklari ile birlikte ortaya ¢ikan
kat1 atik miktarinda ciddi bir artis yasanmaktadir. Yapilan aragtirmalar, sehirlerin biiylimesiyle
birlikte belediye atiklarimin iiretiminin dogrudan arttigin1 ve bu durumun sera gazi
emisyonlarma, kirlilige ve kaynak israfina neden oldugunu gdstermektedir[1]. Ote yandan,
tehlikeli atiklarin uluslararasi dolasimi da ayri bir ¢evresel sorunu dogurmaktadir; 6zellikle
gelismis iilkelerden gelismekte olan iilkelere ydnelen bu atik transferleri, alici iilkelerde
cevresel bozulmaya ve halk sagligi tehditlerine yol agmaktadir [2]. Bu kiiresel tablo,
stirdiiriilebilir atik yonetimi ve geri doniisiimiin, yalnizca yerel degil, ayn1 zamanda uluslararasi
bir 6ncelik haline geldigini gdstermektedir.

Atiklarin dogru sekilde ayrigtirilmasi, ¢evresel siirdiiriilebilirligin saglanmasi ve kaynaklarin
verimli kullanimi1 agisindan hayati 6neme sahiptir. Ancak manuel ayristirma islemleri zaman
alicidir, insan hatasina acgiktir ve cogu zaman stirdiiriilebilir degildir. Bu noktada yapay zeka
tabanli goriintli isleme ¢oziimleri, atik siniflandirma siireclerinde otomasyon saglayarak hem
zaman ve is giiciinden tasarruf saglamakta hem de siniflandirma dogrulugunu artirmaktadir.

Gorlintli isleme alaninda makine 6grenmesi yontemlerinin kullanimi, son yillarda énemli bir
evrim gecirmistir. Baslangigta destek vektor makineleri (SVM), karar agaclar1 ve k-en yakin
komsu (k-NN) gibi geleneksel algoritmalar, 6znitelik ¢ikarimi elle yapilan diisiik boyutlu
goriintii verileri lizerinde yaygin olarak kullanilmistir[3]. Ancak bu yontemler, yiiksek boyutlu
ve karmasik yapiya sahip goriintiilerde sinirli basar1 géstermistir. Bu nedenle konvoliisyonel
sinir aglar1t (CNN), derin 6grenme mimarileri igerisinde goriintii siniflandirma gorevlerinde
devrim yaratmistir. CNN'ler, goriintii verilerinden 6znitelikleri otomatik olarak 6grenebilme
yetenekleri sayesinde manuel miidahaleyi azaltmig ve siniflandirma performansini biiyiik
olgiide artirmistir[4]. Bu siirecte transfer 6grenme yontemleri ile 6nceden biiyiik veri setleri
iizerinde egitilmis modeller, daha kii¢iik ve 6zel gorevler i¢in yeniden kullanilabilir hale gelmis;
bu da egitim siiresini kisaltarak genel bagsarimi artirmistir. Yakin zamanda gelistirilen Vision
Transformer (ViT) gibi dikkat temelli mimariler ise, konvoliisyonel yapilardan farkli olarak
goriintiileri birer kelime dizisi gibi ele alarak yeni bir temsil bigimi sunmus ve daha az veriyle
daha giiclii genelleme yetenekleri saglayarak goriintii isleme alaninda yeni bir donem
baslatmistir [5].

Son yillarda yapilan uygulamali ¢alismalar da bu derin 6grenme mimarilerindeki gelismeleri
dogrular niteliktedir. Ornegin, ShuffleNet v2 temelli GCNet modeli ile diisiik parametre
sayisina ragmen yiiksek dogrulukta atik siiflandirma basarildigi gosterilmistir[6]. Rismiyati
ve arkadaglar1 (2020), farkli transfer 6grenme mimarilerini karsilastirarak Xception modelinin
ozellikle ¢op siniflandirma gorevlerinde iistiin performans gosterdigini belirtmistir[7]. Ozkaya
ve Seyfi (2023), evsel atiklarin smiflandirilmasi amaciyla transfer 6grenmeye dayali bir
yaklagim gelistirmistir. Bu ¢alismada farkli derin 6grenme mimarileri denenmis ve 6zellikle az
veriyle yiiksek basari elde etmenin yollar1 incelenmistir[10]. Benzer sekilde, MobileNet,
ResNet ve diger hafif modellerin gdmiilii sistemlerde veya diisiik donanim kapasiteli ortamlarda
etkin bicimde kullanilabildigi calismalar da literatiirde rapor edilmistir [8][9].
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Bu ¢alismada kullanilan veri seti, Kaggle platformunda yayimlanmis ve “Managing Household
Waste Through Transfer Learning” baslikli akademik c¢alismada da kullanilan ¢op
smiflandirma veri setidir [11]. Veri seti; cam, metal, plastik, kagit, karton, pil, ayakkabi, giysi,
biyolojik atik ve genel ¢op olmak tizere 10 farkli siifta toplam 19.762 goriintii igermektedir.
Farkli ¢Op tiirlerine ait genis bir goriintii yelpazesi sunmakta olup, derin 6grenme tabanli
siiflandirma modellerinin egitimi i¢in uygun bir temel saglamaktadir.

Bu baglamda bu ¢alismanin temel amaci, modern goriintii siniflandirma yaklasimlarinin evsel
atiklarin otomatik ayristirilmasinda ne derece etkili oldugunu ortaya koymak; ayni zamanda
gercek zamanli uygulamalara uygun, yiiksek dogruluklu ve diisiik maliyetli bir yapay zeka
¢oziiml sunmaktir. Literatiirde bu alanda yapilan ¢aligmalar, atik yonetimi sistemlerinin
otomasyonu ve ¢evresel siirdiiriilebilirlik agisindan 6nemli katkilar saglamaktadir.

2. VERI SETi VE ON iSLEME

Bu ¢alismada kullanilan veri seti, Kaggle platformunda yayimlanmis ve “Managing Household
Waste Through Transfer Learning” baglikli akademik ¢aligmada da kullanilmis olan Garbage
Classification V2 veri setidir [11]. Veri seti, 10 farkli ¢6p simnifina ait toplam 19.762 adet
goriintli icermektedir. Gorseller, ¢esitli evsel atik tiirlerini temsil edecek sekilde toplanmis ve
etiketlenmistir. Gorsel 1. de veri setindeki siniflara ait gorseller gosterilmistir.

battery biological cardboard clothes glass metal paper plastic shoes trash

B S EEOER |
= %

Gorsel 1. Veri Setindeki Simiflara Ait Ornek Gorseller

Gorsel 1.de goziiktiigl lizere veri setinde sinif etiketleri clothes, glass, shoes, plastic, cardboard,
paper, metal, biological, battery ve trash etiketleridir. Gorselde her sinifa ait iki tane goriintii
rastgele secilerek gosterilmistir.

Smuf bazinda 6rnek sayilar1 ve oransal dagilimlar Cizelge 1.’de verilmistir:

Cizelge 1. Veri Setindeki Siiflarin Dagilimi

Smif Adi Ornek Sayisi

clothes 5323 27.43
glass 3039 15.66
shoes 1977 10.19
plastic 1915 9.87
cardboard 1810 9.33
paper 1650 8.50
metal 994 5.12
biological 983 5.07
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battery 944 4.86
trash 772 3.98

Veri setinin sinif bazinda 6rnek dagilimi Cizelge 1’de sunulmustur. Gorildigi tizere, veri
setindeki o6rnekler arasinda belirgin bir dengesizlik s6z konusudur. En fazla 6rnek sayis1 5323
ile clothes sinifina aittir ve bu sinif tiim veri setinin yaklasik %27.4’{inii olusturmaktadir. Buna
karsilik, trash, battery ve biological siniflar1 toplamda %15’in altinda bir orana sahiptir ve bu
durum, modelin bu siiflar1 6grenmesini zorlagtirabilecek 6nemli bir dengesizlik gostergesidir.

3. YONTEM

Bu calismada ¢6p smiflandirma gorevi icin, goriintii siniflandirmada son yillarda giicli
basarilar elde eden Vision Transformer (ViT) mimarisi kullanilmistir. ViT, goriintiiyii sabit
boyutlu yama (patch) bloklarina ayirarak bu yamalar: sirayla islemekte ve klasik Transformer
mimarisi ilizerinden 6grenme gerceklestirmektedir. Konvoliisyonel yapilardan farkli olarak,
global baglami dogrudan modelleyebilme, 6znitelik miihendisligine ihtiyag¢ duymama ve
paralel islemeye uygunluk gibi avantajlar1 sayesinde ViT, ozellikle biiyiik veri setlerinde
ylksek dogrulukla calisan basarili smiflandirma modelleri sunmaktadir.ViT mimarisi
bilgisayarla gorme alanindaki pek ¢ok gorevde konvoliisyonel modellere alternatif olacak
diizeyde performans sergiledimistir[12].

Model egitimi iki farkli yaklasimla gergeklestirilmistir. ilk yontemde, veri seti %80 egitim, %10
dogrulama ve %10 test olacak sekilde ayrilmistir. Model ImageNet[13] iizerinde 6nceden
egitilmis ViT-B/16[14] mimarisi temel alinarak, son katmanlar1 yeniden yapilandirilmis ve 10
smifli ¢op goriintiilerini ayirt edebilecek sekilde egitilmistir. Egitim sirasinda Adam
optimizasyon algoritmasi kullanilmis, 6grenme siirecini dengelemek amaciyla erken durdurma
uygulanmuistir.

Model egitimi siirecinde asirt uyum Onlemek ve modelin genelleme kabiliyetini artirmak
amaciyla cesitli veri artirma tekniklerinden de yararlanilmistir. Bu kapsamda egitim sirasinda
gorlintiilere yatay c¢evirme rastgele dondiirme ve yakinlastirma islemleri uygulanmistir. Bu
dontistimler, modelin farkli varyasyonlardaki verilerle karsilagsmasimi saglayarak, ogrenme
stirecinin daha esnek hale gelmesine katkida bulunmugstur. Veri artirma adimlari, modelin
sadece egitim verisine degil, daha genis bir 6rnekleme genellenebilmesini miimkiin kilmistir.

Ikinci yaklagimda ise modelin farkli veri béliinmeleri iizerindeki genelleme yetenegini test
edebilmek amaciyla 5 katli capraz dogrulama yontemi kullanilmigtir. Bu yontemde veri seti besg
alt kiimeye boliinmiis ve her fold’da model sifirdan olusturularak yeniden egitilmistir. Her tur
sonunda dogrulama dogrulugu, kaybi, siniflandirma raporu ve karigiklik matrisi hesaplanmistir.
Elde edilen sonuglar, tiim fold’larin ortalamasi alinarak raporlanmis ve bdylece modelin farkl
veri boliinmeleri karsisindaki istikrar1 analiz edilmistir.
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4. SONUCLAR VE DEGERLENDIRME

Modelin basarimi, hem klasik egitim/test ayrimi1 hem de 5 katli ¢capraz dogrulama yontemiyle
degerlendirilmistir. Her iki yontemde de dogruluk, duyarlilik, kesinlik, F1 puani ve karisiklik
matrisi gibi yaygin simiflandirma 6l¢iitlerinden yararlanilmastir.

4.1 Test Verisi Uzerindeki Basarim ve Gorsel Analizler

Klasik egitim/test ayrimiyla yapilan degerlendirme sonucunda, modelin test kiimesi tizerindeki
dogruluk oranm1 %98.53, kayip degeri ise 0.0506 olarak elde edilmistir. Bu yiiksek basar1 orant,
modelin genel anlamda giiglii bir siniflandirma yetenegine sahip oldugunu gostermektedir.

Cizelge 1. Egitim Sonrasi Test Kiimesi Siniflandirma Basarim

Sinif Adi Kesinlik Duyarhhk F1 Puani Destek
Battery 1.00 - 1.00 1.00 96
Biological 0.99 1.00 0.99 98
Cardboard 1 0.97 1 0.99 0.98 180
Clothes 1.00 0.99 0.99 554
Glass 10.99 1 0.98 0.98 298
Metal 0.99 0.99 0.99 103
Paper 1 0.96 1 0.98 0.97 169
Plastic 0.98 0.97 0.98 181
Shoes 10.98 1 0.99 0.98 209
Trash 0.97 0.94 0.95 79
Genel Dogruluk = | - 0.99 1967
Makro Ortalama 0.98 0.98 0.98 —
Agirhikh Ortalama 1 0.99 1 0.99 0.99 —

Sinif bazli siniflandirma performanslar1 Cizelge 2’de ayrintili olarak verilmistir. Bu ¢izelgeye
gore, battery, biological, clothes, metal ve shoes gibi siniflarda duyarlilik ve kesinlik oranlarinin
%99 ile %100 arasinda oldugu goriilmektedir. Tiim smiflar i¢in duyarlilik ve kesinlik degerleri
%94 ile %100 arasinda seyretmis, agirlikli ortalama F1 puani ise 0.99 olarak hesaplanmustir.
Ozellikle 6rnek sayisi gorece diisiik olan trash gibi siniflarda dahi F1 puanmin 0.95
diizeylerinde kalmasi, modelin smif dengesizliklerine kars1 direngli calistigin1 ortaya
koymaktadir. Bu veriler, modelin sadece genel dogruluk degil, sinif bazli performans agisindan
da oldukca dengeli calistigin1 gostermektedir.
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Gorsel 1. Egitim ve Dogrulama Siireclerinde Dogruluk ve Kayip Degerleri

Modelin egitim siirecinde gosterdigi 6grenme egilimleri, Gorsel 2°de sunulan dogruluk ve
kay1p grafiklerine yansitilmistir. Grafikler hem egitim hem de dogrulama setleri i¢in dogruluk
degerlerinin istikrarl bigimde arttigini; kayip degerlerinin ise belirgin sekilde azaldigini ortaya
koymaktadir. Bu durum, modelin 6grenme siirecinin saglikli ilerledigini ve asir1 uyum
egiliminin gozlenmedigini gostermektedir.
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Kansikhik Matrisi (test)

battery - 96 0 0 0 0 0 0 0 0 0
500
biclogical - 0 98 0 0 0 0 0 0 0 0
cardboard - 0 0 179 0 0 0 1 0 0 0
400
clothes - 0 0 0 0 0 1 0 5 0
% glass - 0 0 0 1 1 0 3 0 1 300
o
T
o
metal - 0 0 0 0 1 102 0 0 0 0
paper- 0 0 3 0 0 0 166 0 0 0 - 200
plastic - 0 0 1 0 3 0 0 176 0 1
- 100
shoes - 0 1 1 0 0 0 0 0 207 0
trash - 0 0 0 0 0 0 5 0 0 74
| | | | ' | | | | | -0
- =] w %] - e [¥] w =
g 5 j g £ - g g
£ g g 8 = & & & % &
o S = Y
=] 5 .
< g Tahmin

Gorsel 2. Test Kiimesine Ait Karisikhik Matrisi

Ayrica, modelin siiflar aras1 ayirt edici giiclinii degerlendirmek amaciyla ¢ikarilan karigiklik
matrisi Gorsel 3’te verilmistir. Matrisin kosegeninde dogru siniflamalarin yogunlastigi; siniflar
arast karisikliklarin ise oldukca diisiik seviyelerde kaldig1 goriilmektedir. Bu da modelin farkli
atik tlirlerini yiiksek dogrulukla ayirt edebildigini desteklemektedir.

4.2 K-Fold Dogrulama Sonuclari

Modelin farkli veri boliinmeleri iizerindeki genelleme basarisini degerlendirmek amaciyla 5
kath ¢apraz dogrulama yontemi uygulanmistir. Bu yontemde, veri kiimesi rastgele bes par¢aya
ayrilmig ve her bir parca sirayla dogrulama kiimesi olarak kullanilarak model egitilip test
edilmistir. Her fold sonunda modelin dogrulama dogrulugu ve kayb1 hesaplanmis, siniflandirma
raporu ve karigiklik matrisi ile birlikte sinif bazli performans analizleri yapilmistir.

Bes katl1 bu degerlendirme sonucunda modelin dogrulama dogrulugu ortalamasi %97.26 olarak
hesaplanmistir. Dogrulama kaybi1 ise ortalama 0.1032 seviyesinde ger¢eklesmistir. Bu degerler,
modelin farkli veri boliinmeleri {izerinde de oldukga tutarli ve yiiksek basarim sergiledigini
gostermektedir.
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Tiim fold’lara ait siiflandirma raporlar1 incelendiginde, en yiiksek basari clothes, shoes ve
glass gibi 6rnek sayisi fazla olan smiflarda elde edilmistir. Ote yandan, trash, metal ve battery
gibi 6rnek sayis1 gorece diisiik olan siniflarda dahi F1 puanlarinin 0.93-0.97 araliginda kaldigi
gozlemlenmis; bu da modelin sinif dengesizliklerine karsi direngli bir performans ortaya
koydugunu gostermektedir.

Fold bazli dogruluk ve kayip degerleri asagidaki Cizelge 3 6zetlenmistir:

Cizelge 2. K-Fold Siirecinde Simif Bazli Ortalama Performans Degerleri

Dogrulama Dogrulugu Dogrulama Kaybi
1 0.9691 0.1235
2 0.9740 0.0904
3 0.9729 0.1056
4 0.9699 0.1146
5 0.9771 0.0820
Ortalama 0.9726 0.1032

Her fold sonunda elde edilen karisiklik matrisleri, modelin yanlis siniflandirma oraninin diisiik
oldugunu, dogru siiflamalarin biiyiik l¢lide matrisin késegenine toplandigini gostermektedir.
Siniflar arasi karigtirmalarin minimum seviyede olmasi, ViT tabanli modelin sinif ayirt etme
konusunda bagaril bir performans sergiledigini desteklemektedir.

Her katmanda ayrica karisiklik matrisi ¢ikarilmis ve siniflar arasi karigtirmalar gorsel olarak
analiz edilmistir. Katmanlara ait tiim karisiklik matrislerinin toplamindan elde edilen Gzet
karigiklik matrisi Gorsel 4’te sunulmustur. Bu 6zet matris, modelin hangi siniflar1 daha basaril
ayirt ettigini ve hangi siniflar arasinda karigiklik yasandigimi biitiinsel bir bakisla ortaya
koymaktadir.
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Toplam Karisiklik Matrisi (5 Fold Ortak)

battery - 925 1 6 0 2 7 2 1 1 0 5000
biological - 0 975 3 0 1 2 0 1 0 1
cardboard- 0 0 1715 0 4 25 56 6 3 2 4000
clothes- 0 1 0 5267 0 1 5 1 48 0
-« glass- 1 0 1 0 32 4 137 3 2 3000
(]
=y
[+1]
© metal- 1 0 1 0 2 969 3 3 1 9
- 2000
paper- 2 1 12 3 1 2 1614 3 4 10
plastic- 0 1 13 1 17 6 9 1858 1 11
-1000
shoes- 0 0 0 0 0 0 0 1 1974 0
trash- 1 1 4 5 2 15 12 4 0 725
: 5 0t & 3 5 & £ % §
o i) g 4_% © ° Q w e E
5 g & B > £ g = § 5
K] ° 13 (]
2 S

Tahmin Edilen

Gorsel 3. K-Fold dogrulama siireci sonunda elde edilen 6zet karisikhik matrisi

Gorselde gosterildigi iizere clothes, shoes ve glass siniflarinda siniflandirma basarimi oldukca
yuksektir ve bu siiflarda dogru simiflandirmalar belirgin bi¢imde matrisin kdsegenine
yogunlagmistir. Bununla birlikte, cardboard, plastic ve trash gibi baz1 siniflarda zaman zaman
komsu simiflarla karigikliklar yasanmistir. Ancak bu karigikliklar, genel dogruluk ve F1 puam
degerlerini anlamli sekilde diisiirecek seviyede degildir.

Modelin her katmandaki siniflandirma raporlari, siiflar arasinda tutarli basarilar elde edildigini
ve Ornek sayis1 gorece diisiik siniflarda bile (6rnegin trash ve battery) F1 puanlarinin genellikle
0.94-0.97 araliginda kaldigini gostermektedir. Bu durum, modelin sinif dengesizliklerine karsi
dayanikli oldugunu desteklemektedir.

Sonug olarak, ViT tabanli modelin farkl: veri senaryolarinda yiiksek dogruluk, giiclii genelleme
ve dengeli sinif basarimi sundugu goriilmektedir.

5. SONUC

Bu caligmada, kat1 atik smiflandirmasina yonelik olarak Vision Transformer (ViT)
tabanli bir derin 6grenme modeli gelistirilmis ve modelin bagarim1 hem klasik egitim/test ayrimi
hem de 5 katli ¢capraz dogrulama yontemiyle kapsamli bi¢imde degerlendirilmistir. Modelin test
verisi iizerindeki dogruluk oran1 %98.53 olarak 6l¢iilmiis ve sinif bazli bagsarimlar genel olarak
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yiiksek seviyede gergeklesmistir. Ozellikle &rnek sayis1 az olan siniflarda dahi F1 puanlarmin
yiiksek ¢ikmasi, modelin sinif dengesizliklerine karsi direngli oldugunu gostermektedir.

K-Fold ¢apraz dogrulama sonuglar1 da benzer bi¢cimde tutarli ve yliksek dogruluklar sergilemis;
tim fold'lar boyunca ortalama dogruluk %97.26, dogrulama kaybi1 ise 0.1032 olarak elde
edilmistir. Ayrica simiflar arast karistirmalarin oldukga diisiik seviyelerde kalmasi, ViT
mimarisinin siif ayirt ediciligi agisindan basarili oldugunu ortaya koymustur.

Modelin yiiksek siniflandirma basarimi ve genelleme giicli, kati atiklarin dogru sekilde
ayristirllmasi i¢in otomatik sistemlerin gelistirilmesine katki saglayabilecek diizeydedir. Bu
yonilyle caligsma, siirdiiriilebilir ¢evre yonetimi, geri doniislim siireclerinin iyilestirilmesi ve
akilli sehir uygulamalarina entegre edilebilecek etkili bir yapay zeka ¢oziimii sunmaktadir.

Yapilan deneyler sonucunda, Vision Transformer (ViT) tabanli modelin hem test verisi hem de
5 katli ¢apraz dogrulama sonuglarinda yiiksek basar1 elde ettigi goriilmiistiir. Ozellikle Kunwar
[11] tarafindan onerilen temel ¢aligmadaki dogruluk orani %95.12 iken, bu c¢alismada test
setinde %98.53 gibi daha yiiksek bir dogruluk degeri elde edilmistir. Bu durum, ViT
mimarisinin evsel atik siniflandirmasi gibi karmasik gorevlerde etkinligini bir kez daha ortaya
koymaktadir
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OZET

Beton ve ¢elik gibi iki farkli yap1 malzemesi ile elde edilen betonarme i¢in yap1 tasarim kurallari
zaman igerisinde degisiklik gostermektedir. Depremler sonrasit olusan hasarlar, bilimsel
gelismeler deprem yonetmeliklerinde betonarme yapilar i¢in Ongoriilen kurallarinda
degismesini zorunlu kilmaktadir. Yiiksek sismik riske sahip bir bolgede bulunan ve zaman
zaman yikici depremlerin etkisinde kalan Tiirkiye’de de depreme dayanikli yap1 tasarim ilkeleri
zaman igerisinde gilincellenmektedir. Bu ¢alisma kapsaminda Tiirkiye’de kullanilan son bes
deprem ydnetmeliginde, betonarme kolon ve kirisler dngoriillen minimum beton ve donati
kosullar1 kullanilarak, bu elemanlar i¢in egilme ve kesme kapasiteleri ayr1 ayr1 elde edilmistir.
Tim sonuc¢ degerleri karsilastirilarak Oneriler yapilmistir. Calismada ayrica Tiirkiye’de

kullanilan ve bu ¢alismada dikkate son bes deprem yonetmeligi hakkinda bilgiler verilmistir.

Anahtar Kelimeler: Deprem, yonetmelik, kolon, kiris, tasima kapasitesi
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1. GIRIS

Kentsel yap1 stokunun ¢ogunlugunu olusturan betonarme yapilarin meydana getiren
malzemelerin kolay temin edilmesi ve ekonomik olmast nedeni ile yaygin olarak
kullanilmaktadir. Depremler sonrasi betonarme yapilarda olugan hasarlar, bu tiir yapilar ile ilgili
deprem dayanikli yapi tasarim kurallarinin zaman igerisinde giincellenmesi, degismesi
gerekliligini ortaya koymaktadir. Betonarme yapilart meydana getiren beton ve ¢elik ile ilgili
kurallar dikkate alinarak yapisal tasarim ve degerlendirme iglemleri gergeklestirilmektedir.

Yapilarin inga edilmesinde kullanilan malzemeler ve yapim teknolojileri, zamanla ortaya
cikan ihtiyaclar ve teknolojik gelismeler dogrultusunda degisime ugrayabilmektedir. Bu
degisikliklerin en 6nemli sebeplerinden biri, depremler sonucu olusan yapisal hasarlardir.
Depremler, yapilarin gercek bir deneye tabi tutulmasi agisindan 6nemlidir ve bu siiregte ortaya
¢ikan hasarlarin dogru bir sekilde tespit edilip analiz edilmesi gerekmektedir. Elde edilen
veriler, sadece hasar tespitini degil, ayn1 zamanda yapim ve tasarim standartlarinin gézden
gecirilmesine veya tamamen yenilenmesine olanak tanimaktadir. Ozellikle iilkemizde yaygin
olarak kullanilan betonarme yapilar, depremler sonucunda ciddi hasarlarla kargilagabilmekte ve
bu da yapi tasariminda ve insaat kurallarinda onemli degisikliklerin yapilmasini zorunlu
kilmaktadir.

Betonarme yapilarla ilgili temel diizenlemeler, Tiirk Standartlar1 Enstitiisii tarafindan
yayimlanan “Betonarme Yapilarin Tasarim ve Yapim Kurallar1 (TS500)” ile deprem etkisi
altindaki betonarme yapilar i¢in gecerli olan “Tiirkiye Bina Deprem Yonetmeligi (TBDY-
2018)” dir. Bu iki belge, zaman igerisinde ¢esitli giincellemelerle gelistirilmis olup, giinlimiizde
betonarme yapilarin tasarimi ve insasinda esas alinan baglica standart ve yonetmeliklerdir.
Tiirkiye’de kullanilan deprem ydnetmeliklerindeki yenilik ve degisimlerin incelendigi bir¢ok
caligma literatlirde kendine yer bulmustur. Bu ve benzeri ¢aligmalara depreme dayanikli yap1
tasarim ilkelerinin zaman igerisindeki degisimini de agik¢a ortaya koymaktadir. Ayrica yapilan
bu c¢aligmalar deprem yonetmeliklerin gelismesine katki sunabilmektedir. Cansiz (2022),
ilkemizde kullanilan deprem ydnetmeliklerinde degisimi, deprem hesaplamalari 6zelinde
incelemistir. Isik (2021), kullanilan son bes yonetmelikteki minimum kosullar1 dikkate alarak
olusturulan betonarme bir yap1 modeli deprem performans analizleri gerceklestirmistir.
Nemutlu vd. (2020), son iki yonetmelikteki ivme spektrumlarin degisimini Elaz1g ve Bingol
illeri 6zelinde incelemislerdir. Biiyiiksara¢ vd. (2022) deprem yonetmeliklerindeki degisimin
sismik ve yapisal parametreler lizerindeki etkilerini karsilastirmiglardir. Bagaran (2018), giincel
yonetmelige gore deprem yiiklerini Afyonkarahisar 6zelinde sayisal olarak incelemistir. Adar
vd., (2021), Tiirkiye’de kullanilan son iki deprem yonetmeligini dikkate alarak yapisal analizler
baglaminda karsilastirmislardir. Nemutlu ve Sar1 (2018), son iki deprem yonetmeligindeki
degisimleri karsilastirmali olarak incelemislerdir. Ozsahin (2021), yatay tasarim ivme
spektrumlarindaki degisimi Edirne ili 6zelinde incelemistir. Akdemir ve Giinaydin (2025),
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iilkemizdeki deprem tehlike haritalar1 ve yonetmeliklerindeki degisimi incelemislerdir. Isik vd.,
(2021), Kuzey Anadolu Fay1 iizerinde yer alan yerlesim birimleri i¢in giincel olarak kullanilan
cografi konuma o6zel tasarim spektrumlarin yapisla analizlere etkisini degerlendirmislerdir.
Ozmen (2023), deprem tehlike haritalarinin degisimini Adana ili 6zelinde incelemistir. Akansel
vd., (2020), spektrum siddeti 6zelinde, Tiirkiye’de giincel olarak kullanilan deprem tehlike
haritasin1 degerlendirmislerdir. Bu ¢alisma kapsaminda Tiirkiye’de kullanilan son bes deprem
yonetmeligi dikkate alinmustir.

Ulkemizdeki kentsel yap1 stokunun biiyiik bir kisminin betonarme yapilardan olusmasi,
yap1 giivenligi agisindan kullanilacak beton ve donatinin dayanim 6zelliklerinin ne denli kritik
oldugunu bir kez daha ortaya koymaktadir. Ozellikle 06 Subat 2023 depremlerinin ardindan,
deprem bolgesinde betonarme yapilarda olusan hasarlarin incelendigi ¢alismalarda beton ve
donat1 kosullarinin hasarlarin ana nedenlerinin basinda geldigi belirtilmektedir (Akar vd., 2024;
Yiizbasi, 2004; Vuran vd., 2024; Binici vd., 2024; Altunisik vd., 2023; Avcil vd., 2024a,b; Ince,
2024; Sagbas vd., 2024; Isik vd., 2024a,b, c; Yon vd., 2024; Karasin, 2023; Oztiirk vd., 2023;
Avgin vd., 2024; Dogan vd., 2024; Mertol vd., 2023; Kazaz vd., 2024; Tan vd., 2025; Yilmaz
vd., 2024; S6nmez vd., 2024)

Bu calisma kapsaminda, Tiirkiye’de kullanilan son bes deprem yonetmeliginde kolon ve
kirislerde kullanilacak olan beton ve donati i¢in dngdriilen minimum kosullar dikkate alinarak
olusturulan betonarme kolon ve kirisler i¢in egilme ve kesme kapasiteleri ayr1 ayr1 elde
edilmistir. Elde sonuclar karsilastirilarak, Oneriler yapilmistir. Calismada ayrica
yonetmeliklerdeki degisimler hakkinda da kisaca bilgiler verilmistir.

2. MATERYAL VE METOT

Teknolojinin ilerlemesiyle birlikte, depremler sonucu meydana gelebilecek kayiplarin en
aza indirilmesi amaciyla yap1 ingasinda uyulmas: gereken kurallar belirlenmis ve bu kurallar
standartlar ile yOnetmelikler seklinde uygulamaya alinmistir. Depreme dayanikli yapi
tasarimiyla ilgili ilk kurallar, baslangigta afet yonetmeliklerinin bir pargas: olarak yer almigtir.
Bugiine kadar yayimlanan ve sayis1 ona ulasan bu yonetmeliklerin, uygulandiklari donemlerde
yasanan depremler sonrasinda yetersiz kaldig1 goriilmiis; bu da s6z konusu yonetmeliklerin
giincellenmesi ya da tamamen yeniden diizenlenmesi ihtiyacin1 dogurmustur. Yasanan
tecriibeler ve teknolojik gelismeler dogrultusunda mevcut yonetmelikler revize edilerek giincel
hale getirilmistir. S6z konusu yonetmeliklerde temel odak noktasi her zaman deprem olmustur;
bu nedenle halk arasinda bu diizenlemeler genellikle “deprem yoOnetmeligi” olarak
adlandiriimaktadir (Alyamag ve Erdogan, 2005). Ulkemizde yiiriirliige girmis olan deprem
yonetmelikleri ise soyledir:

< Zelzele Mintikalarinda Yapilacak Insaata Ait Italyan Yapr Talimatnamesi (1940)
% Zelzele Mimtikalarinda Muvakkat Yap1 Talimatnamesi (1944)

¢ Tirkiye Yer Sarsintis1 Bolgeleri Yap1 Yonetmeligi (1949)

% Yersarsintis1 Bolgelerinde Yapilacak Yapilar Hakkinda Yo6netmelik (1953)

% Afet Bolgelerinde Yapilacak Yapilar Hakkinda Yo6netmelik (ABYYHY, 1962)
% Afet Bolgelerinde Yapilacak Yapilar Hakkinda Yo6netmelik (ABYYHY, 1968)
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Afet Bolgelerinde Yapilacak Yapilar Hakkinda Yonetmelik (ABYYHY, 1975)
Afet Bolgelerinde Yapilacak Yapilar Hakkinda Yonetmelik (ABYYHY, 1998)

Deprem Bolgelerinde Yapilacak Yapilar Hakkinda Y 6netmelik (2007)
Tiirkiye Bina Deprem Y 6netmeligi (2018)

Kullanilan tiim deprem yonetmelikleri Gorsel 1°de gosterilmistir.

GECMISTEN GUNUMUZE TURKIYE
DEPREM YONETMELIKLERI

Zelzele Mintikalarinda
Yapilacak Ingaata Ait
1940 }—@ Italyan Yapi
Talimatnamesi
Zelzele Mintikalari
Muvakkat Yapi @@= 1944
Talimatnamesi
TUrkiye Yersarsintisi
1949 —@ Bolgeleri Yapi
Yénetmeligi
Yersarsintisi
Bdlgelerinde
195
Yapilacak Yapilar @—] 1953
Hakkinda Yénetmelik
Afet Bélgelerinde
1962 f—@) Yapilacak Yapilar
Hakkinda Yénetmelik
Afet Bolgelerinde
Yapilacak Yapilar @@= 1968
Hakkinda Yonetmelik
Afet Bolgelerinde
1975 =) Yapilacak Yapilar
Hakkinda Yénetmelik
Afet Bolgelerinde
Yapilacak Yapilar  @=4 1998
Hakkinda Yénetmelik
Deprem Boélgelerinde
2007 —-@ Yapilacak Binalar
Hakkinda Yénetmelik
Turkiye Bina -
Deprem Yénetmeligi 2018

Gorsel 1. Gegmisten giiniimiize kullanilan deprem yonetmelikleri

Deprem hesaplarina ilk kez 1949 yilinda yayimlanan yonetmelikte basit bir sekilde yer
verilmistir; daha sonraki tim yonetmeliklerde ise bu hesaplar giderek daha ayrintili ve kapsamli
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hale gelmistir. Bu gelisim hem edinilen deneyimlerin hem de miihendislik alanindaki teknolojik
ilerlemelerin dogal bir sonucu olarak ortaya ¢ikmigtir. Boylece, olas1 depremlerin yaratacagi
olumsuz etkilerin en aza indirilmesi amaciyla, projelendirme asamasindan itibaren yapi
siirecinin ilk ve en Onemli adimi atilmistir. Bu durum, insaat miihendisligi ag¢isindan
bakildiginda, gegmis depremlerden 6nemli dersler ¢ikarildigini agikga gostermektedir.

Betonarme tasiyici elemanlarda tagima kapasitesi, yapilarin giivenligi ve dayanikliligi
acisindan kritik bir 6neme sahiptir. Tasima kapasitesi, bir tasiyici elemanin tizerindeki yiikleri
giivenli bir sekilde tasiyip tasimayacagii belirleyen bir faktordiir. Bu kapasitenin dogru bir
sekilde hesaplanmasi, yapilarin deprem, riizgar, kar ve diger dinamik yiikler karsisinda saglikli
bir sekilde performans gostermesini saglamaktadir. Eger tasiyici elemanlarin tasima kapasitesi
yeterli degilse, yap1 ciddi hasar gorebilir ya da toptan gogmeye maruz kalabilir. Bu nedenle
tagsima kapasitesinin dogru bir sekilde belirlenmesi hem tasarim asamasinda hem de yapim
stirecinde biiyiik bir 6neme sahiptir. Bu ¢alisma kapsaminda iilkemizde kullanilan son bes
deprem yoOnetmeliginde betonarme kolon ve kirisler i¢in dngoriilen be ton ve donati kosullar
dikkate alinmistir. Dikkate alinan bu minimum kosullar Cizelge 1°de gdsterilmistir.

Cizelge 1. Dikkate alinan beton ve donat1 kosullar

Parametre 1968 1975 1998 2007 2018
Beton C12 Cl4 C16 C20 C25
Donat1 S220 S220 S220 S420 S420

Kolonlar (mm) 250*250 250*250 250*300 250*300 300*300

Kirigler (mm) 150*300 200*300 250*300 250*300 250*400
Kiris alt donati 2012 2012 2012 3012 3012
Kirig iist donati 2012 2012 2012 2012 2012
Kolon boyuna donat1 4014 4014 4016 4016 6014

Enine donat1 D6/250 ®8/200 D8/200 ®8/200 D8/200

Bu calisma kapsaminda, betonarme kolon ve kirislere ait Cizelge 1°de verilen kosullar
dikkate alinarak hem kolonlarin hem de kirislerin egilme ve kesme kapasiteleri ayr1 ayr1 elde
edilmistir. Calismada dikkate alinan kolon ve kirisler ait en kesitler Gorsel 2’de gosterilmistir.
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4014 4014 470x1d 408 6D 14

2912

2912 2012 2012 2012

2912 2912 312 3012 312

Gorsel 2. Calismada dikkate alinan kolon ve kiris en kesitleri

Olusturulan bu kolon ve kirigler igin tasima kapasiteleri belirlenirken Seismosoft-FRP
Designer (Seismosoft, 2025) yazilimi kullanilmistir. Dikkate alinan son bes yonetmelik
kapsaminda dikkate alinan kosullar i¢in elde edilen egilme ve kesme kapasiteleri Cizelge 2’de
gosterilmistir.

Cizelge 2. Elde edilen egilme ve kesme kapasiteleri

Yinetmelik Egilme Kapasitesi Kesme Kapasitesi
Kolon Kiris Kolon (X) Kolon (Y) Kiris
1968 14.22 12.97 29.55 29.55 16.62
1975 15.16 13.25 35.12 35.12 23.55
1998 18.49 19.38 36.90 47.30 27.86
2007 35.32 36.86 38.43 49.25 31.56
2018 38.28 50.97 54.36 54.36 42.00

Her giincellenen yonetmelik ile degisen minimum kosullar hem kolonlarin hem de
kirislerin tasima kapasitelerinde artislara neden olmustur. Ozellikle 6ngériilen minimum beton
sinifinin artmasi ile birlikte, beton kaynakli hasarlarin 6niine gec¢ilmesi miimkiin olabilecektir.
Ancak burada betonun dokiimii, yerlestirilmesi ve bakimi gibi asamalarin hassasiyet ile
uygulanmasi esas olmaktadir.

3. SONUCLAR VE TARTISMA

1939 biiyiik Erzincan depreminin ardindan, depreme dayanikli yap: kurallarinin resmi
anlamda dikkate alinmasindan sonra zaman igerisinde degisimler zorunlu hale gelmistir. Bu
zorunluluk, giiniimiize kadar iilkemizde on farkli deprem yonetmeligi ile kendini gostermistir.
Zaman igerisinde degisimler ve yenilenmeler kag¢inilmazdir.
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Miihendislik teknolojilerinin gelismesinin yani sira yasanan depremlerden dersler
cikarilarak gilinlimiize kadar her donem mevcut yapi yonetmeliklerini siirekli olarak
giincellenmistir. Her donem bir oncekinden daha detayli ve daha kapsamli bir sekilde
hazirlanan bu yonetmeliklerin sonuncusu da dahil olmak {izere, son bes deprem
yonetmeligindeki donati ve beton kosullar1 dikkate alinarak tagima kapasiteleri elde edilmistir.
Beton ve donatilar ile ilgili kriterlerin proje ve yapim asamasinda kontrol edilmesi, bu
malzemelerden beklenen islevlerin yerine getirilmesi agisindan O6nem arz etmektedir.
Donatilardaki yetersizligin yan1 sira diigiik kalite beton kullanilmasi ile bu hasar miktar1 daha
biiyiik hasarlara neden olabilecektir. Dolaysiyla yonetmeliklerde verilen her bir kuralin
uygulamada karsilasilan problemleri ortadan kaldirmak adina yapildig1 g6z ardi edilmemelidir.
Yapilarinin tasarim, projelendirme ve inga asmalarinda yapim kurallarinin kullanicilar
tarafindan bilinmesi, hangi kisimlarinda hangi ag¢idan degisime ugradiklarinin bilinmesi yap1
ile ilgili elde edilecek sonuglara anlam katacaktir.
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OZET

Bu yontem, temel olarak antenler tarafindan tiretilen elektromanyetik sinyallerin yer altina gidip
geri donerken ugradigi degisimleri, orijinal sinyallerle karsilastirarak analiz eder. GPR
sinyalleri, gectikleri ortamin fiziksel ve kimyasal 6zelliklerine bagl olarak hizlarini ayarlar ve
bu sayede hem hedefe ulasir hem de hedefle ilgili bilgi toplar. Eger sinyalin yolculuk siiresi
biliniyorsa ve ortamin iletim hizi da biliniyorsa, hedefin derinligi olduk¢a hassas bir sekilde
hesaplanabilir. GPR sinyallerinin bu yolculuk siireleri nanosaniye (10° sn) mertebesinde
Ol¢iilmektedir. Yer altindaki yapilarin konumlarimi ve diizenini anlamak i¢in olusturulacak
goriintlileme haritalari, belirli zaman araliklarinda elde edilen yatay zaman kesitleri araciligiyla
gergeklestirilebilir. Calisma alaninda yaklagik 42 km uzunlugunda GPR profili uygulanmistir.
Alman profillere ait degerlendirmeler radagramlar iizerinde yapilmistir. Toplanan verilere
filtreleme islemi yapilmistir. Bu amagla 6ncelikle ilk zaman filtresi uygulanmistir. Daha sonra
akim diizeltmesi (Dewow) filtresi ile dogru akim ile olusmus etkiler temizlenmistir. Enerji
geciktirme filtresi ile her iz i¢in enerjideki gecikmeler ortaya ¢ikartilmistir. Belirlenen izlere
ortalama deger temizleme filtresi uygulanmistir. Hiz analizi yapilarak hiz degerleri okunmus
ve topografik diizeltme yapilmistir. Verilerin bu dizge ile islenmesi ve modellenmesi
sonucunda olusturulan diisey derinlik kesitleri iizerinde belirlenen tabakalar isaretlenmis ve
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bununla birlikte sorun olabilecek yiiksek nemlilik igeren bolgelerde kirmizi renk ile
belirginlestirilmistir. Icerdigi siv1 ve bosluk miktar1 ile gevsek malzemelerin yol actig1 ve
duragan (statik) durumdaki zeminin tasidigi risk oranlar1 tanimlanmistir. Genel olarak jeolojik
birimlerin ve ortamlarin iletkenligi ile degisen genlik degerleri ile olusturulan bu haritalar, 4
farkli derinlik i¢in (1 m, 3 m, 5 m ve 10 m) tanimlanmigtir. Bu tanimlamalardaki hedef; 1 metre
ile bodrumsuz yapilacak yapilarin tasidigi risk, 3 metre ile yar1 bodrumlu yapilarin tagidigi risk,
5 metre ile tam bodrumlu yapilarin tagidigi risk ve 10 metre ile ¢ok bodrumlu ya da zemin

giiclendirilmesi (ankraj vb.) yapilmis yapilarin tasidigi risk gosterilmektedir.

Anahtar Kelimeler: Yer radar1 (GPR), Jeofizik, Risk Analizi, Zemin

1. GIRIS

Zeminler, temel olarak ii¢ bilesenden meydana gelmistir. Taneler, taneler arasi
bosluklarda bulunan su ve taneler arasindaki bosluklarda bulunan gaz. Buradan da anlagilacagi
gibi zemin, ii¢ fazli bir malzemedir. Taneler arasi bosluklar, kismen su ve kismen de hava ile
dolu olabildigi gibi, suya tam doygun zeminlerde tamamen su, kuru zeminlerde tamamen hava
ile dolu olabilir. Bu durumu belirleyen yani zeminin &zellikleri, birbiri ile iligkili olan tane boyu,
mineralojisi ve su i¢erigidir. Kil minerallerinin su icerigi yiiksek olabilir, ince taneli zeminlerde
kritik kavram, su icerigi ile iligkili olan kivamdir. Zeminlerde sorunlar, oncelikle gevsek ve sulu
seviyelerden kaynaklanmaktadir. Yapilagma oncesi sorunlu zemin katmanlarinin belirlenerek
bu seviyelere iliskin iyilestirme onerilerinin gelistirilmesi gerekmektedir. Tiirkiye’de yerlesim
alanlarinin ¢ogunlugu gevsek tortullar tlizerinde gelismektedir. Bu durum sorunlu zemin
sartlarinin belirlenmesi ve 1yilestirme c¢aligmalarinin yapilmasint Onceliklendirmektedir.
Meydana gelebilecek zemin sorunlar1 da ¢ogunlukla bu tiir zeminlerde ortaya ¢ikmaktadir.
Bunlarin baginda tasima giicii, sivilagma, heyelan, oturma gibi sorunlar gelmektedir. Zemin
gevsekligine katkida bulunan ve zayif zemin olarak tanimlanan etkenlerden birisi de yeralti
suyu seviyesinin s1g derinlikte olmasidir. Zemin gevsekligi ve bunun kokeni olabilecek su
diizeyinin belirlenmesi farkli ydntemlerle yapilabilmektedir. Ozellikle mekanik kosullarla,
sondaj yapilarak gerceklestirilen ¢alismalarda yiiksek maliyet 6nemli bir sorun olarak ortaya
cikmakta ve yaygin olarak zemin sartlarinin belirlenmesine olanak vermemektedir. Ancak
jeofizik yontemlerle zeminin sikilik ve gevsekliginin belirlenmesi ¢ok daha hizli ve diisiik
maliyetle gerceklestirilebilmektedir.

Canakkale, merkez yerlesimi itibariyle olduk¢a gevsek ve yeralt1 suyunun s1g oldugu bir
zemin Ozelligi gostermektedir. Bu nedenle yapilasma 6ncesi ve mevcut yapilarda olasi bir
depremin olusturacag etkileri en aza indirebilmek i¢in yapilan mikro bolgeleme calismalari
kapsaminda (Biiyliksara¢ vd. 2013), Canakkale’de imar uygulamasi yapilmis ve yogun
yerlesimin oldugu 1677 ha biyiikligindeki alanda zemin arastirma ¢alismalari
gerceklestirilmistir. Jeofizik ¢aligmalar kapsaminda dort yontem uygulamast yapilmistir. Bu
yontemler, yeralti radari (GPR), sismik kirilma ve yiizey dalgasi analizi (MASW) ve
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mikrotremor Olciileridir. GPR profilleri disinda tiim yontemler ayn1 noktalarda uygulanmus,
GPR olgiileri ise belirlenen giizergahlar boyunca ol¢iilmiistiir. Caligma genelinde yeralti
katmanlari, yerin titresim Ozellikleri, gevsek-siki katman ayrimlamasi, tasima giicii hesabina
temel olusturan Vs hiz degisim degeri, yeralt1 tabaka egimleri, yer esneklik parametreleri gibi
bilgilere ulasilmasi hedeflenmistir. Bu c¢alisma kapsaminda yalnizca GPR c¢aligmalarina
deginilmis ve bu ¢alismalardan elde edilen risk bilgileri sunulmustur.

2. YERALTI RADARI (GPR) YONTEMI

Yeralt1 radar1 (GPR), temel olarak yiiksek frekansl elektromanyetik dalgalar kullanarak
yer altindan veri toplamaya dayanan bir sistemdir. GPR sistemleri, olduk¢a genis bir tasarim
yelpazesine sahiptir ve genellikle yapilacak uygulamanin gereksinimlerine gore 6zellestirilir.
Bu sistemlerin tasariminda etkili olan faktorler arasinda hedefin derinligi, boyutu ve
arastirilacak alanin 6zellikleri yer alir. Uygulama alanina uygun bir sistem sec¢imiyle, GPR
yonteminin kullanim alani oldukga genislemektedir.

Bu yontem, genel olarak antenler tarafindan iiretilen elektromanyetik sinyallerin yer
altina gidip geri donerken ugradig1 degisimlerin, orijinal sinyallerle olan farkina odaklanir
(Conyers, 2004). GPR sinyalleri, gectikleri ortamlarin fiziksel ve kimyasal niteliklerine gore
hiz kazanarak hedefe ulasir ve bu siiregte hedef hakkinda bilgi edinir. Sinyalin yolculuk siiresi
bilindiginde ve ortamin iletim hiz1 da biliniyorsa, hedefin derinligi yiliksek hassasiyetle
belirlenebilir. GPR sinyallerinin bu yolculuk siireleri nanosaniye (10~ sn) mertebesindedir.
Farkl1 elektromanyetik 6zelliklere sahip gdmiilii tanklar, sediman tabakalari, yer alt1 su seviyesi
veya arkeolojik yapilar gibi nesneler, GPR sinyallerinde yansimalara yol acar. Genellikle bu
yansimalar, gomiilii cismin cevresine gore farkli dielektrik katsayisina sahip olmasindan
kaynaklanir (Gorsel 1).

& = &=
]
Radar Waves Object Data Collection

Gorsel 1. GPR dalgalarinin yansimasi ve veri toplama

GPR ol¢giimlerinde veri toplamak i¢in birgok anten diizenekleri vardir. Giinlimiizde
korumali antenler sabit aralikli Ol¢imlerde, korumasiz antenler ise ortak orta nokta
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Ol¢iimlerinde kullanilmaktadir. Genel olarak olglimlerde korumali antenler kullanilir (Gorsel
2).

GPR’da veri isleme, elde edilen sayisal verilerin anlasilir goriintiiler haline getirilmesine
dayanir. Bu islem i¢in genelde daha dnceden uygulanmis 6rnek filtreler ve islem basamaklari
kullanilir. Ozel durumlarda ise testler ile elde edilen islemler uygulanir. Daniels (2004)’e gore
veri isleme gliriiltiilerin azaltilmasi olarak tanimlanir. Mantiksal olarak, sinyaldeki giiriiltii orani
arastirilan hedefin belirlenip belirlenememesine neden olur. GPR genelde giiriiltiiler ile ¢ok
fazla kirletilmis sinyaller {iretir. Temizlenebilen bu giiriiltiilerin en dogru sekilde filtre edilmesi
gerekmektedir. Gliriiltii temizlemek ic¢in kullanilan filtrelerin algoritmalar1 genelde ¢ok karisik
olmaktadir. En uygun filtre parametrelerini kullanarak orijinal verinin en az hasar gormesi
saglanmalidir.

Yeraltindaki yapilarin yerlesimini anlayabilmek icin olusturulacak goriintiileme
haritalari, belirli zaman araliklari ile hesaplanan yatay zaman kesitleri ile miimkiin olabilir. Bu
tarz veri degerlendirmeleri sayesinde yeraltindaki anomali yaratan yapilarin yerleri ve sekilleri
oldukea kolay olarak tespit edilebilir (Leucci ve Negri, 2006).

Receiver ng\gz}:r
Transmitter
Aéf‘
<«— Survey Direction ’ [‘IJ "
< Reflected
¢ i Signal ¢
Transmitted
Signal
Underground
{ Anomaly 4
N\ A

Gorsel 2. GPR verisi toplama diizenegi
3. UYGULAMA

Calisma alaninda yaklasik 42 km uzunlugunda GPR profili uygulanmistir (Gorsel 3).
Alman profillere ait degerlendirmeler radagramlar iizerinde yapilmistir. Toplanan verilere
filtreleme islemi yapilmistir. Bu amagla dncelikle ilk zaman filtresi uygulanmistir. Daha sonra
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akim diizeltmesi (Dewow) filtresi ile dogru akim ile olugsmus etkiler temizlenmistir. Enerji
geciktirme filtresi ile her iz i¢in enerjideki gecikmeler ortaya c¢ikartilmistir. Belirlenen izlere
ortalama deger temizleme filtresi uygulanmistir. Hiz analizi yapilarak hiz degerleri okunmus
ve topografik diizeltme yapilmistir. Verilerin bu dizge ile islenmesi ve modellenmesi
sonucunda olusturulan diisey derinlik kesitleri lizerinde belirlenen tabakalar isaretlenmis ve
bununla birlikte sorun olabilecek yiliksek nemlilik igeren bolgelerde kirmizi renk ile
belirginlestirilmistir. icerdigi sivi ve bosluk miktar1 ile gevsek malzemelerin yol agtif1 ve
duragan (statik) durumdaki zeminin tasidigi risk oranlart tanimlanmistir. Genel olarak jeolojik
birimlerin ve ortamlarin iletkenligi ile degisen genlik degerleri ile olusturulan bu haritalar, 4
farkli derinlik i¢in (1 m, 3 m, 5 m ve 10 m) tanimlanmustir.

211



SN

,

ACADE
My 03
8
onrene

www.skademikongre.arg

MUNZUR 8th INTERNATIONAL CONFERENCE ON APPLIED SCIENCES

April 11 - 13, 2025- TUNCELI
ISBN NR. : 978-625-5962-60-7

GPR Olgim Hatlari

' MT, Sismik, MASW
Noktalari

Gorsel 3. Yapilan GPR 6lgiimlerinin Canakkale imar haritasi lizerinde gosterimi
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Bu tanimlamalardaki hedef 1 metre ile bodrumsuz yapilacak yapilarin tasidigr risk
(Gorsel 4), 3 metre ile yar1 bodrumlu yapilarin tasidigi risk (Gorsel 5), 5 metre ile tam bodrumlu
yapilarin tasidigi risk (Gorsel 6) ve 10 metre ile ¢ok bodrumlu ya da zemin giiclendirilmesi
(ankraj vb.) yapilmis yapilarin tasidigi risk (Gorsel 7) gosterilmektedir.

4446000
1
¥
4446000

4444000
)
4444000

4442000
1
v
4442000

% 20

% 10

% 0

il 1
450000 452000

Gorsel 4. 1 m derinlik igin risk haritas1 veri dagilimimin imar plan iizerinde gosterimi
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]
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1
1
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450000 452000

Gorsel 5. 3 m derinlik igin risk haritasi veri dagiliminin imar plani iizerinde gosterimi
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Gorsel 6. 5.0 m derinlik i¢in risk haritas1 veri dagiliminin imar plam iizerinde gosterimi
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Gorsel 7. 10.0 m derinlik i¢in risk haritas1 veri dagiliminin imar plani {izerinde gosterimi
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4. SONUCLAR

Canakkale merkez yerlesiminde gerceklestirilen toplamda 42 km uzunlugunda GPR
Ol¢iim caligmasi sonrasinda ilk 10 metre i¢in dort farkli derinlik seviyesine yonelik seviye
haritalamasi yapilmis ve risk diizeyleri tanimlanmistir. Ayn1 zamanda elde edilen seviye
degisimlerine bagl risk diizey siiflamasi da yapilmistir. Buna gore;
%100-%80 Cok yiiksek riskli
%80-%70 Yiiksek riskli
%70-%50 Orta-yiiksek riskli
%50-%35 Riskli
%35-%25 Diisiik-Orta Riskli
%25-%0 Diisiik riskli
Seklinde bir siniflama yapilabilmistir. Ayrimlanan 4 derinlik seviyesinin bolgelere gore
degisimi su sekilde gerceklesmistir.
1 metre icin- Canakkale’nin %80’lik kismi kuzey ve kuzeydogu yerlesimi hari¢ %80-%100
araliginda ¢ok yiiksek risk tasimaktadir. Bu riskin zemin kosullar1 anlamindaki ac¢ilim1 ¢ok
gevsek zemin yapist ve ¢ok si1g yeraltisuyu seviyesidir. Kuzey kisminda ise 1 m derinlik i¢in
risk diizeyi %40-%60 Riskli ve orta-yiiksek Riskli araligindadir. Kuzeydoguda %70 yiiksek
riskli seviyesine ulagsmaktadir.
3 metre i¢in- Alanin giineybatisinda kii¢iik bir bolgede %80-%100 araliginda ¢ok yiiksek risk
gozlenirken, daha dnce ¢ok yiiksek riskli goriilen alanlarin biiytik bir kismi1 %70-%80 araliginda
yiiksek risk seviyesine doniligmiistiir. Bunun yaninda kuzey kesimde %25-%50 araliginda
Diisiik-Orta ve Riskli ve kuzeydoguda %60 Orta-Yiiksek riskli alan gozlenmistir.
5 metre i¢in- 3 m seviyesiyle hemen hemen ayni risk diizeyleri tantmlanmaigtir.
10 metre i¢in- Alanin giineybatisinda kiigiik bir bolgede %80-%100 aralifinda ¢ok yiiksek risk
devam etmektedir. Ancak kuzey ve kuzeydogu haricinde kalan genis alanlarda risk diizeyi %40-
%60 araliginda Riskli ve Orta-Yiksek riskli diizeydedir. Kuzeyde biiytlik bir boliimde diisiik
riskli ve kuzeydoguda Riskli diizeydedir. Goriildiigi tizere Canakkale zeminlerinin biiytlik bir
boliimii etkin bir risk altinda bulunmaktadir. Bu riskli diizeyler beraberinde zeminin tane boyu
dagilimi ve s1g yeraltisuyu diizeyi nedeniyle sivilasma sorununu meydana getirmistir. Benzer
sekilde tagima giicii diisiik olan zemin kosullar1 da ortaya ¢ikmaktadir.
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KIRSAL ALANDA TRAFIiK LEVHALARININ BAKIM DURUMU UZERINE
GOZLEMSEL BiR CALISMA

Dr. Ogr. Uyesi Ayse UNAL
Siirt Universitesi,

ayseunal@siirt.edu.tr - 0000-0002-3262-135X

Yasemin OYSAL
Siirt Universitesi,

yaseminkilicaslan33@gmail.com

OZET

Karayolu trafik levhalari, siiriiciilerin yol ve ¢evre kosullari hakkinda zamaninda ve dogru bilgi
edinmesini saglayarak trafik giivenliginin saglanmasinda hayati Oneme sahip yapisal
unsurlardir. Bu levhalarin islevselligi; tasarim ilkelerine uygunluk, standartlara uygun
yerlestirme ve diizenli bakim siireclerinin etkin sekilde yiiriitiilmesine baglhdir. Ancak kirsal
alanlarda bu siireclerin yeterince uygulanmamasi, levhalarin solmasi, tahrip olmasi veya
yerinden oynamasi gibi durumlara yol agmakta ve bu da siiriiciilerin bilgiye erisimini
giclestirerek trafik giivenligini olumsuz yonde etkilemektedir. Literatiirde, bakim
eksikliklerinin levhalarin algilanabilirligini azalttigi ve striicii hatalarini artirdigina dair
bulgulara siklikla rastlanmaktadir.

Bu calisma, Siirt ili Kurtalan ilgesine bagli Yesilkonak, Kayalisu ve Tulumtas kdylerini
kapsayan yaklasik 20 kilometrelik kirsal giizergahta trafik levhalarinin mevcut fiziksel
durumunu yerinde goézlemleyerek degerlendirmeyi amaclamaktadir. Gozlemler, levhalarin
goriintirliik, yerlesim ve fiziksel biitiinliik agisindan sistematik bir sekilde incelenmesiyle
gergeklestirilmistir. Bazi kesimlerde levhalarin eksik, hasarli ya da tamamen bulunmadig tespit
edilmistir. Elde edilen bulgularin, kirsal yol giivenliginin iyilestirilmesine yonelik politika ve
uygulamalara katki saglayacagi ongoriilmektedir.

Anahtar Kelimeler: Kirsal yol altyapisi, Trafik levhasi, Trafik giivenligi, Ulasim planlamasi

218



iR
A LORFERER
5 v,

,

MUNZUR 8th INTERNATIONAL CONFERENCE ON APPLIED SCIENCES
April 11 - 13, 2025- TUNCELI
ISBN NR. : 978-625-5962-60-7

ACADE

My 03

8
onmsn®

www.skademikongre.arg

AN OBSERVATIONAL STUDY ON THE MAINTENANCE STATUS OF TRAFFIC
SIGNS IN RURAL AREA

Dr. Ogr. Uyesi Ayse UNAL
Siirt Universitesi,

ayseunal@siirt.edu.tr - 0000-0002-3262-135X

Yasemin OYSAL
Siirt Universitesi,

yaseminkilicaslan33@gmail.com

ABSTRACT

Road traffic signs are critical structural elements for ensuring traffic safety, as they provide
drivers with timely and accurate information about road and environmental conditions. The
effectiveness of these signs depends on adherence to design principles, proper placement
according to established standards, and the implementation of regular maintenance processes.
However, the insufficient application of these processes in rural areas often results in faded,
damaged, or displaced signs, which hinders drivers' access to essential information and
compromises traffic safety. The literature frequently highlights that poor maintenance reduces
the visibility and perceptibility of traffic signs, thereby increasing the likelihood of driver errors.

This study aims to assess the current physical condition of traffic signs along a 20-kilometer
rural route encompassing the villages of Yesilkonak, Kayalisu, and Tulumtas in the Kurtalan
district of Siirt province through on-site observations. The signs were systematically examined
in terms of visibility, placement, and physical integrity. In certain segments of the route, traffic
signs were found to be absent, damaged, or entirely missing. The findings are expected to
contribute to the development of policies and practices aimed at enhancing road safety in rural
areas.

Keywords: Rural road infrastructure, Traffic signage, Traffic safety, Transportation planning
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1. GiRiS

Yol, ulasim amaciyla kullanilan, uzun ve sert yiizeye sahip bir ulasim altyapisidir. Bu yollar
dogal etkenler sonucunda kendiliginden olusabilecegi gibi, insan eliyle de insa edilebilmektedir
(Caglayan, 2014). Yollar; insan, hayvan ve tasit trafiginin giivenli, hizli ve verimli bir sekilde
akisin1 saglamak amaciyla insa edilmekte olup; basit patika yollardan ¢ok seritli otoyollara
kadar genis bir yelpazeye sahiptir. Trafik isaretlerinin tarihi, yollar kadar eski olup, ilk trafik
isaretleri yon gosterici nitelige sahipti. Antik Roma doneminde, yollarin kenarlarina
yerlestirilen tas siitunlar, belirli merkezlere olan mesafeleri gostermek amaciyla kullanilmistir.
Zamanla teknolojinin ilerlemesiyle trafik levhalar1 da gelisim gostermis, 18. yiizyilda ilk dokiim
tabelalar kullanilmaya baslanmistir. Ozellikle motorlu tasitlarin yayginlagmasiyla trafik
isaretleri ve levhalarinin O6nemi artmis, uluslararasi standartlarin belirlenmesine yonelik
caligmalar hiz kazanmistir. 11 Ekim 1908'de Paris’te diizenlenen uluslararasi trafik kongresinde
trafik levhalarinin genel standartlari kararlastirilmistir (Erdogan, 2022).

Tiirkiye’de trafik levhalarinin 6l¢ii, renk, malzeme ve yerlesim standartlar1 Karayollar1 Genel
Midiirliigii (KGM) ve Tiirk Standartlar1 Enstitiisii (TSE) tarafindan belirlenmektedir. Bu
standartlar, trafik glivenligini saglamak ve siiriiciilerin yol iizerindeki bilgilere hizli ve dogru
sekilde ulagsmasini kolaylastirmak amaciyla olusturulmustur. Bu levhalar, giiniin her aninda ve
her hava kosulunda rahatlikla goriilebilir ve anlagilir durumda olmalidir. Goriindirligii artirmak
amaciyla kirmizi, sar1, yesil ve mavi gibi 6zellikle dikkat cekici renkler tercih edilmekte olup,
ozellikle diisiik 151k kosullarinda yansitici malzemelerin kullanilmasi gerekmektedir (KGM,
2015). Trafik levhalarmin boyutlari, siriiciilerin levhalar1 kolayca anlayabilecegi,
okuyabilecegi sekilde tasarlanmalidir. Kullanim alanimma ve amacma gore uygun olgiilerde
tasarlanan levhalarin {izerindeki yazilar, okunakli ve net olmali, yazim kurallarina uygun
sekilde yazilmalidir. Levhalarda kullanilan semboller ve yazilar, siirliciiler ve yayalar
tarafindan kolayca anlasilabilir olmalidir (KGM, 2015).

Trafik levhalarinin uzun Omiirlii ve dayanikli olmasi icin ¢esitli hava kosullarina uygun
malzemelerden tiretilmesi gerekmektedir. Tiirkiye’de iiretilen trafik levhalari, KGM ve TSE
tarafindan belirlenen standartlara uygun olup, bu sayede siiriiciilerin ve yayalarin giivenligi
saglanmakta ve trafik diizeninin etkin bir sekilde yiiriitiilmesine katkida bulunmaktadir (TGDB,
2020). Bu dogrultuda iilkemizde trafikte diizeni olusturmak i¢in kullanilan trafik levhalar1 5 ana
kategoriye ayrilmustir.

Gorsel 1’de 61 tane olan tehlike uyari isaretlerinden en ¢ok kullanilan 30 tanesi verilmistir. Bu
isaretler, siiriiciilere yol kosullar1 hakkinda 6nemli bilgiler sunmaktadir. Ornegin, viraj, yaya
gecidi veya diger yol durumu degisiklikleri hakkinda onceden uyarida bulunmaktadir.
Genellikle kirmizi cergeveli olarak tasarlanan bu levhalar, dikkat cekmeleri sayesinde
stiriiciilerin hizlarini ayarlamalarina ve giivenli bir sekilde ilerlemelerine yardimci olmaktadir.
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Levha Adi

Levha Sekli

Levha Adi

Levha Sekli

Levha Adi Levha Sekli

1-{T-1a)Saga
Tehlikeli Viraj

2-{T-1b)Sola
Tehlikeli Viraj

3-{T-2a)Saga Tehlikeli

Devamli Virajlar

4-{T-2b)Sola Tehlikeli

Devamli Virajlar

5-(T-3a)Tehlikeli
Egim{inis)

6-(T-3b)Tehlikeli
Egim{Cikis)

7-{T-4a)Her iki Taraftan

Daralan Kaplama

Kaplama

9-{T-4c)Soldan Daralan

Kaplama

10-{T-7)Kasisli Yol

8-{T-4b)Sagdan Daralan

P EEERPPRERPRD

11-{T-8)Kaygan Yol

12-{T-9)Gevsek Malzeme

Zemin

13-{T-11)Yaya Gegidi

14-{T-12)0kul Gegidi

15-(T-13)Bisikletli

Girebilir

16-(T-16)Isikli

Isaret Cihazi

17-{T-19)iki Y8nlu Trafik

18-(T-20)Dikkat

19-(T-14a)Ehli Hayvan

Gegebilir

20-(T-21)Kontrolstiz

Kavsak

>D>ERBRPRPRPDD

21-{T-22a)Ana Yol-
Tali Yol Kavsagi

22-{T-24)Dénel Kavsak

23-{T-25)Kontrolll

Demiryolu Gegidi

24-(T-26)Kontrolsliz

Demiryolu Gegidi

25-{T-36)Dusiik Banket

26-{T-37)Gizli Buzlanma

27-{T-15)Yolda Calisma

28-{T-5)Agilan Képri

29-{T-14b)Vahsi Hayvan

Gegebilir

30-{T-33a)Tehlikeli Viraj

ARDDEBEPDERRR

Y6n Levhasi

Gorsel 1. Tehlike Uyari Isaretleri

Ikinci kategoride yer alan Gérsel 2°de verilen trafik tanzim isaretleri trafik akisini diizenlemek
ve siirliciilere uymalar1 gereken kurallar1 agik¢a belirtmek amaciyla kullanilmaktadir. 69 tane
olan trafik tanzim isaretlerinin en ¢ok kullanilan 30 tanesi Gorsel 2’de verilmistir. Yol
kullanicilarina belirli bir hareketi yapmalarini veya yapmamalarini bildiren bu levhalar, trafik
giivenliginin saglanmasinda kritik bir rol oynamaktadir. Ornegin, "Dur" levhas: siiriiciilere

2
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tamamen durmalar1 gerektigini bildirirken, "Yol Ver" levhasi diger araglara 6ncelik tanimalari
gerektigini ifade etmektedir. "Saga Don" gibi yonlendirici levhalar ise siiriiciilerin izlemesi
gereken rotayr belirleyerek trafik akisinin diizenli ve giivenli bir sekilde devam etmesini
saglamaktadir.
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Levha Ad Levha $ekli  Levha Adi Levha $ekli Levha Adi Levha $ekli
L:(TT-16b]TehlikeliMadde 11-(TT-11)Treyler 21-{TT-39a)Mecburi Yaya
Taglyan Giremez Giremez

Yolu

22-(TT-42a)Zincir Takmak
Zorunludur

2-(TT-3)Kargidan Gelene 12-{TT-26a)Saga

Déniilmez
Yol Ver

3-(TT-4)Girigi Olmayan Yol 13-(TT-26b)Sola

Déntilmez

23-(TT-37)Ada Etrafinda

Ddéniindiz

4-(TT-5)Tagit Trafigine 14-(TT-26¢)U DSndis 24-(TT-36a)Sagdan Gidiniz

Kapali Yol Yapilmaz

5-(TT-7)Motorsiklet 25-(TT-36b)Soldan Gidiniz

26-(TT-34a)Gegme
Yasaginin Sonu

27-(TT-29a)Azami Hiz g >
Sinirlamasi <
A

28-(TT-13)At Arabasi
Giremez

15-(TT-27)Ondeki Araci <

Giremez Gegmek Yasaktir

N v

. 4

6-(TT-8)Bisiklet 16-(TT-33}Hiz Sinirlamasi

Giremez Sonu

7-(TT-9)Motorlu 17-(TT-1)Yol Ver

Bisiklet Giremez

8-(TT-10a)Kamyon
Giremez

18-(TT-2)Dur

9-(TT-10b)Otobiis
Giremez

19-{TT-35a)Saga
Mecburi Y6n

29-(TT-14)El Arabasi
Giremez

.
30-(TT-15)Traktér %
Giremez

10-(TT-12)Yaya Giremez 20-(TT-35b)Sola

Mecburi Yén

A

@000 0066

Gorsel 2. Trafik Tanzim Isaretleri

Bilgi Isaretleri, siiriiciilere ve yayalara yolculuk sirasinda ihtiyag duyabilecekleri yonlendirme
ve bilgilendirme amagli bilgiler sunmaktadir. Genellikle mavi zemin iizerine beyaz sembol veya
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yazilardan olusan bu levhalar, yol aginin daha anlasilir hale gelmesine yardimci olmaktadir
(Gorsel 3). Ulkemizde 108 adet bilgi isareti bulunmakta ve Gérsel 3’te en ¢ok kullanilan 30
tanesi verilmistir. Ornegin, "Tek Yon" isareti siiriiciilere yolun sadece belirli bir yonde
kullanilabilecegini belirtirken, "Hastane" isareti yakinlarda bir saghk kurulusunun
bulundugunu géstermektedir. Bu tiir levhalar, siiriiciilerin ve yayalarin dogru kararlar almasini
saglayarak trafik diizeninin korunmasina katkida bulunmaktadir.

Levha Ad Levha $ekli Levha Adi Levha Sekli Levha Adi Levha Sekli

1-{B-5a}Kavsak ici Yol - 11-{B-19)Otoyol Sonu

Levhasi

2-(B-8b)il Siniri Levhasi DiYARBAKIR 12-(B-22)Durak
itsinin

3-(B-11d)Cografi Bilgi

21-{B-54)Karayollari [ 5 122 ]

Karayollar

Bilgi Levhasi

22-{B-55a)Kacis Rampasi

13-(B-38}Anayol 23-(B-58)istasyon

Levhasi

4-(B-2a)Girisi Olmayan 14-{B-43}Radyo 24-{B-60)Sanayi Bolgesi

15-{B-45a}Alt Gegit 25-{B-61a)Trafik EDS

Yol Kavsagi

5-{B-13b}Mesafe Levhasi

YAYA
BOLGESI

26-{B-20)Motorlu Tasit

6-(B-14c}Yaya Bélgesi O 16-(B-45h)Ust Gecit

Tagt Giremez

Yol Baslangici

0800 1500

7-{B-15)Hastane 27-{B-37)Onceligi Olan

17-(B-49)Tiinel Yén

8-(B-16)Tek Yonlii Yol 18-(B-50g)Serit 28-(B-40)Jandarma

Diizenleme Levhalari

9-{B-17}ileri Gikmaz Yol 19-(B-52a)iki Yonlii Yol 29-{B-28)Lokanta

20-{B-53b)U Déniisil

10-{B-18}Otoyol Baslangici Pevhiass

30-{B-31)Piknik Alani

Gorsel 3. Bilgi isaretleri

2

N
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Duraklama ve park isaretleri siiriiciilere belirli alanlarda duraklama ve park etme kurallari
hakkinda bilgi vermektedir. Genellikle mavi zemin {izerine beyaz veya kirmizi sembollerle
tasarlanan bu levhalar, trafik akismin diizenlenmesine ve park alanlarinin verimli
kullanilmasina yardimct olmaktadir. Karayollar1 standart trafik isaretleri levhalart i¢inde 10
adet duraklama ve park etme isaretleri bulunmaktadir (Gorsel 4). Ornegin, "Park Etmek
Yasaktir" levhasi, belirli bir bolgede arag parkinin yasak oldugunu bildirirken, "Park Yeri"
levhas: siiriiciilere uygun park alanlarini gostermektedir. Bu isaretler sayesinde trafik diizeni
korunmakta, yaya ve arag giivenligi artirilmaktadir.

Levha Adi Levha Sekli Levha Adi

1-(P-1)Park Etmek
Yasaktir

6-(P-3d)Park Yeri

7-(P-3e)Park Yeri
2-(P-2)Duraklamak ve

Park Etmek Yasaktir

8-(P-3f)Kapali Park Yeri
3-(P-3a)Park Yeri

9-(P-3g)Park Yeri

4-(P-3b)Park Yeri {(Metrodan

Yararlanacaklar icin)

10-(P-3h)Park Yeri

5-(P-3c)Park Yeri (Tramvaydan

Yararlanacaklar icin)

Gorsel 4. Duraklama ve Park Isaretleri

Levha Adi Levha Sekli Levha Adli Levha Sekli

=

1-Kavsak isim Levhasi 5-Baslisti Serit

Diizce Kavsag:

Rejimi Levhasi Otomatik Gegig

2-Otoyol Rejimi Levhasi

6-0GS Levhasi

3- Servis Alani Levhasi 7-HGS Levhasi

Park Alam

4-Park Alani Levhasi P J 8-Serit Secimi ve

Kullanimi Levhalari

Gorsel 5. Otoyol Isaretleri
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Son olarak otoyol isaretleri, otoyol tizerinde siiriiciilere yol kosullar1 ve yonetmelikler hakkinda
bilgi vermektedir. 8 adet otoyol isareti bulunmaktadir (Gorsel 5). Genellikle yesil renkte olan
bu levhalar, siiriiciilerin otoyol {lizerinde daha giivenli bir sekilde seyahat etmelerini saglamak
amactyla kullanilir. Ornegin, "Kavsak Isim Levhasi1" kavsaklarin adin1 ve yoniinii belirtirken,
"Otoyol Rejim Levhast" otoyolun 6zel hiz sinirlart veya kullanim kosullarini gostermektedir.
Ayrica, HGS Levhasi ise, otoyol gecislerinde hizli gegis sistemi (HGS) olan alanlar1 isaret
etmektedir.

Karayollar1 Genel Midirliigii (KGM) ile Tiirk Standartlar1 Enstitiisii (TSE) tarafindan
belirlenen trafik levhasi standartlari, boyutlar, yerlesim, renkler ve diger 6zellikler bakimindan
acik ve net kurallar igermektedir. Uyar1 levhalari, 6rnegin "Viraj" veya "Yaya Gegidi" gibi

levhalarin kenar uzunlugu genellikle 60 cm ile 120 cm arasinda degismekte olup, en yaygin
olgti ise 90 cm'dir (TGDB, 2020).

Renkler konusunda ise, uyar1 levhalarinin gergeveleri kirmizi, zeminleri ise genellikle beyaz
renkte olup bu tasarim dikkat ¢ekici olmasini saglamaktadir. Yol verme levhalarinda kirmizi
(6rnegin "Dur" levhasi) ile birlikte mavi ve yesil tonlar1 da kullanilmaktadir. Bilgi levhalarinda
ise, mavi arka plan {izerine beyaz yazilar tercih edilmektedir (TGDB, 2020). Gece vaktinde
trafik levhalariin goriiniirliigii ve okunabilmesi i¢in 6zellikle yansitict malzemeler kullanilir,
bu da levhalarin gece saatlerinde daha net gériinmesini saglamaktadir.

Trafik levhalarinin yazi ve sembol boyutlari, siiriiciiler tarafindan kolayca fark edilebilecek
sekilde diizenlenmistir. Levhalarda kullanilan yazilarin boyutunun en az 30 cm, sembollerin ise
kisa mesafeden bile rahatga fark edilebilmesi i¢in minimum 10 cm olmasi1 gerekmektedir
(TGDB, 2020). Bu sayede siiriiciiler, levhalardaki bilgileri hizli ve dogru bir sekilde alabilirler.

Yol kenarindaki levhalar, genellikle yola paralel bir sekilde yerlestirilir ve 1,5 ile 2,5 metre
yiikseklikten monte edilmektedir. Bu yiikseklik, levhanin her tiirlii arag i¢in net bir sekilde
goriinmesini saglamaktadir. Yol doniisleri ve kavsaklar gibi kritik noktalarda ise levhalar,
stiriicliniin doniis yapmadan once rahatca gorebilecegi noktalara yerlestirilir ve genellikle 30-
50 metre mesafeden konumlandirilmaktadir (TGDB, 2020).

Trafik levhalarinin dayanikliligi da 6nemli bir faktordiir. Bu levhalar, hava kosullarina direngli
ve uzun 6miirlii olabilmesi i¢in aliiminyum, plastik veya yansimali folyo gibi malzemelerden
tiretilmektedir. Ozellikle gece siiriislerinde net bir goriiniirliik saglamak amaciyla 1s1ksiz
levhalarin parlaklik degeri en az 1500 cd/m? olmalidir. Kavsak oncesinde araglarin doniis
yapmadan once levhalarin fark edilebilir olmasi i¢in kavsak ilerisi levhalari, genellikle 100-150
metre mesafede yerlestirilir. Bu mesafe, yolun tipi ve levha ¢esidine bagli olarak degiskenlik
gosterebilmektedir (TGDB, 2020). Bu standartlar, trafik giivenliginin saglanmasi ve
stirliciilerin ihtiya¢ duydugu bilgilerin dogru ve anlasilir sekilde iletilebilmesi i¢in biiyiik dnem
tasimaktadir. Trafik giivenligi agisindan, trafik levhalarinin dogru konumlandirilmasi ve
stiriciiler tarafindan kolayca fark edilmesi hayati 6nem tagimaktadir. Bu nedenle, levhalarin
yerlesimiyle ilgili tim bu detaylar titizlikle degerlendirilmelidir.

Trafik glivenligi konusu, giiniimiizde daha da dnemli hale gelmistir. Artan diinya niifusu ve
karayolu ulagimindaki yogunluk, trafik kazalarimmin sayisini ve siddetini 6nemli Olciide
artirmaktadir. Diinya Saglik Orgiitii’niin (WHO) 2023 yil1 verilerine gore, her yil yaklasik 1,19
milyon insan trafik kazalari sonucu hayatini kaybetmekte, 20 ile 50 milyon kisi ise
yaralanmaktadir (WHO, 2023). Bu veriler, trafik giivenliginin uluslararas: bir oncelik haline
gelmesini zorunlu kilmaktadir. Bununla birlikte, Birlesmis Milletler (BM) Genel Kurulu, 2020
yilinda “Kiiresel Yol Giivenliginin lyilestirilmesi” baslikli karar1 kabul etmis ve 2021-2030
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yillarini “Yol Giivenligi Eylem On Y1l1” olarak ilan etmistir. 2030 y1lina kadar trafik kazalarina
bagl 6liimlerin %50 oraninda azaltilmasi hedeflenmistir (BM, 2020).

Trafik kazalarimin Onlenmesine yonelik alman tedbirler arasinda, striiciiler i¢in trafik
kurallarinin net bir sekilde iletilmesi, yol altyapisinin iyilestirilmesi ve trafik levhalarinin etkin
kullanim1 kritik bir rol oynamaktadir. Trafik levhalari, siiriiciilerin yol kosullarin1 dogru
anlamalarim ve giivenli siiriis davranislar sergilemelerini saglayan temel unsurlardandir (Inal,
2014). Ancak, bu levhalarin algilanabilirligi, tasarim, konumlandirma ve bakim durumu gibi
faktorlerle yakindan iliskilidir. Kirsal alanlarda trafik levhalarinin bakim durumunun yetersiz
olmasi, bu bolgelerdeki trafik giivenligini olumsuz yonde etkileyebilmektedir. Eksik, hasarli
veya solmus trafik levhalar stiriiciiler igin kritik bilgiler sunma yetisini kaybederek kazalara
davetiye ¢ikarabilir (Babi¢ vd., 2022)

Trafik glivenligi alaninda yapilan ¢aligsmalar, trafik levhalarinin siiriicii davraniglar tizerindeki
etkisini ¢esitli boyutlariyla incelemistir. Ng ve Chan (2008) tarafindan gergeklestirilen galisma,
striiciilerin trafik levhalarim1 algilama siirecinin kisisel faktorler ve isaretlerin tasarim
ozellikleriyle dogrudan baglantili oldugunu gostermistir. Renk, sekil ve sembollerin
anlagilabilirligi, siiriiclilerin trafik isaretlerini dogru yorumlamasinda kritik bir rol
oynamaktadir. Mustapha ve Ibitoye (2022) ise, Nijerya’da gergeklestirdikleri ¢alismada, trafik
levhalarinin bakim durumunun siiriicliler tarafindan algilanabilirligi tizerindeki etkisini
incelemis ve diisiik bakim seviyelerinin siirlicii hatalarina yol agabilecegini belirlemistir.
Benzer bir ¢alisma Avustralya’da gerceklestirilmis ve eksik ya da yanlis siralanmis trafik
levhalarinin kazalara sebebiyet verdigini ortaya koymustur (The Courier-Mail, 2022). Trafik
giivenligi acisindan, trafik levhalarinin dogru konumlandirilmas: ve siiriiciiler tarafindan
kolayca fark edilmesi hayati onem tasimaktadir. Bu nedenle, levhalarin yerlesimiyle ilgili tiim
bu detaylar titizlikle degerlendirilmelidir.

Tiirkiye’de yapilan ¢alismalar da benzer bulgular ortaya koymaktadir. Evren, vd., (2022),
tarafindan yliriitiilen bilirkisi raporlar1 analizi, trafik isaretlerinin eksikliginin kazalara
dogrudan katkida bulundugunu ortaya koymustur. Ozellikle kirsal alanlarda trafik levhalarinin
yetersizligi nedeniyle siirliciilerin dogru karar alma siireglerinin sekteye ugradigi
belirtilmektedir. Trafik levhalarinin tasarimi ve algilanabilirligi lizerine yapilan ¢aligmalarda,
isaretlerin grafik tasarim ilkelerine uygun olarak diizenlenmesi gerektigi vurgulanmaktadir
(Topakli, 2022). Netligi diisiik veya sembollerin belirsiz oldugu levhalarin, siiriiciilerin yanlig
karar almasina yol actifi tespit edilmistir. Ortatas ve Cetin’in (2021), yapmis oldugu
caligmalarinda otonom araclar, Haarcascade makine 6grenmesi algoritmasi ile trafik isaretlerini
taniyabilecegini ve bu teknoloji, siirlicli miidahalesine gerek kalmadan araglarin kurallara
uymasini sagladigim belirtmistir. Ozkan (2022) ¢alismasinda iiniversite yerleskesindeki trafik
ve yonlendirme levhalarmin yetersizligi, stiriiciilerin ve yayalarin ulasimini zorlastirdigini
tespit etmistir. Bu sorunun ortadan kaldirilmasi i¢in trafik isaretlerinin dogru hedeflere
konumlandirilmas1 ve goriiniirliigiiniin iyilestirilmesi gerekliligi tiizerinde durulmustur.
Erdogan (2022) ise calismasinda yol isaretlerinin kiiltiirel farkliliklar nedeniyle farkli
algilanabilecegi tizerinde durmus ve evrensel sembollerin kullanilmasi, siiriiciilerin isaretleri
daha kolay anlamasini saglayacagini dngérmiistiir. Yapisal iyilestirmeler, insan hatalarindan
kaynaklanan kazalarin 6nlenmesine katkida bulunmaktadir (Dogan, vd. 2023). Saglik, vd.
(2012) calismalarinda, yol iizerinde uygulanacak bitkisel tasarimin siiriiciilerin dikkatini
dagitan unsurlari azaltarak trafik isaretlerinin daha goriiniir olmasini saglayacagini ve yapilacak
diizenlemeler ile siiriiciilerin isaretleri daha hizli ve dogru sekilde algilamasina yardimci
olacagini vurgulamistir.
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Bu calismanin ana amaci, Siirt ili Kurtalan ilgesine baglh Yesilkonak, Kayalisu ve Tulumtas
kdylerini birbirine baglayan yaklasik 20 kilometrelik kirsal yol hattinda yer alan trafik
levhalarinin mevcut durumunu saha incelemeleri yoluyla analiz etmektir. Incelemeler sirasinda
levhalarin yerlestirildigi konumlar, fiziksel saglamliklar1 ve siirliciiler tarafindan fark
edilebilirlikleri detayli olarak degerlendirilmistir. Elde edilecek bulgular, trafik levhalarinin
bakim ve yenilenme siireglerine iligskin iyilestirme Onerileri sunarak kirsal yollardaki trafik
giivenliginin artirilmasina katki saglayacaktir.
2. MATERYAL ve METOT

Kurtalan, Siirt iline bagl bir ilge olup, dogusunda Siirt merkezi, batisinda Besiri ilgesi,
giineydogusunda Eruh ilgesi ve giineybatisinda Hasankeyf ilgesi ile komsudur. Dogal smirlari
ise doguda Basur Cayi, batida Garzan Cay1 ve giineyde Botan Cay1 ile cevrilidir. Ilgenin
ylzolgimii 669,25 km? olup, niifus yogunlugu kilometrekare basina 145 kisidir. Deniz
seviyesinden yliksekligi 670 metredir (URL-1, 2025). Arastirma kapsaminda, Kurtalan ilgesine
bagli ve birbirleriyle komsu konumda bulunan Yesilkonak, Kayalisu ve Tulumtas kdyleri
incelenmistir. Bu koylerin secilmesinde, merkez ilgceye olan yakinliklart ile tarim ve
hayvancilik faaliyetlerinin yogunlugu nedeniyle kirsal yol kullaniminin fazla olmasi etkili
olmustur. Sekil 6’da Siirt ilinin genel konumu, Kurtalan ilgesi ve incelenen kodylerin yerlesimi
gosterilmektedir.

Sekil 6. Calisma alan1

Arastirma gilizergahi, Yesilkonak koylinden baglanarak sirasiyla Kayalisu ve Tulumtas
koylerini kapsayacak sekilde aracgla kat edilmistir. Bu gilizergah, kirsal yol ag1 i¢inde yer almasi
ve li¢ koy arasindaki baglantinin aktif olarak kullanilmasi nedeniyle hem yerel ulagim hem de
kirsal hareketlilik agisindan 6nem tagimaktadir. Bu kirsal yollarin yapim, bakim ve onarimi
5302 sayili 11 Ozel Idaresi Kanunu kapsaminda, il Ozel Idaresi’nin sorumlulugundadir.
Inceleme siireci boyunca yol kenarinda yer alan tiim trafik levhalari dikkatli bicimde
gozlemlenmis ve her biri bulundugu konuma gore kayit altina alinmistir. Levhalarin tiirleri,
yerlestirildikleri kilometre bilgisi, fiziksel saglamliklari, konumlandirilma dogrulugu ve
stirticiiler agisindan goriiniirliik diizeyleri ayr1 ayr1 degerlendirilmistir (Sekil 7).
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Sekil 7. Caligma alaninda 6l¢iim ve gozlemler

Gozlem sirasinda, levhalarin sadece mevcut olup olmadigr degil, ayn1 zamanda ulusal
standartlara uygun Ol¢lide olup olmadiklari, ¢evresel kosullardan (bitki ortiisii, egim, yol
genisligi vb.) etkilenip etkilenmedikleri de dikkate alinmistir. Degerlendirme siireci boyunca
her bir levha, detayli bir izleme formu ile kaydedilmis; bu verilerin dogrulugunu desteklemek
amaciyla her biri gorsel dokiimantasyon kapsaminda fotograflanmistir. Fotograflama islemi,
hem kayit altina alinan bilgilerin gorsel karsiliklarint olusturmak hem de ileride yapilacak
karsilastirmali analizler i¢in gorsel arsiv saglamak amaciyla titizlikle ylriitilmiistiir.

3. ARASTIRMA BULGULARI

Yaklagik 20 kilometrelik kirsal yol giizergahinda gergeklestirilen sistematik gozlem ve
Olgtimler sonucunda, farkli tiirlerde trafik levhalarmmin varligi ve fiziksel durumlari
degerlendirilmistir. Glizergah boyunca tespit edilen levha tiirleri arasinda tanitim levhalari, sola
ve saga tehlikeli viraj, devamli tehlikeli viraj, hiz sinirlamasi, her iki taraftan daralan kaplama,
kasisli yol, yaya gecidi, okul gecidi, gizli buzlanma ve gevsek sev uyari levhalari yer almaktadir
(Sekil 8). Bu cesitlilik, glizergahin 6zellikle kirsal yasamla baglantili olarak cesitli risk ve uyari
ihtiyacina cevap verdigini gostermektedir.

Sekil 8. Giizergah boyunca tespit edilen 6rnek uyari levhalar

Gozlem sonuglari, levhalarin biiylik ¢ogunlugunun genel olarak uygun O6l¢li ve konumda
yerlestirildigini ortaya koymakla birlikte, bir¢ok noktada ciddi eksikliklerin ve diizensizliklerin
bulundugu da belirlenmistir. Baz1 levhalarin fiziksel olarak egildigi, yer c¢ekimi etkisiyle
zamanla yamuldugu, ylizeylerinde ¢izik, boya silinmesi veya yazi yazilmasi gibi kullanici
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kaynakli deformasyonlar oldugu gozlemlenmistir. Ayrica kimi levhalarin ¢evresel etkenler
(6rnegin bitki Ortiislinilin biiylimesi veya yol genisletme calismalari) nedeniyle goriiniirligliniin
azaldig1 veya tamamen kayboldugu tespit edilmistir. Baz1 kesimlerde ise levhalarin hig
bulunmadigi, dolayistyla siiriiciilerin bilgilendirilme ve uyar1 gereksiniminin karsilanamadigi
saptanmustir (Sekil 9).

Sekil 9. Giizergah iizerindeki bozulmus ve islevini yitirmis levha 6rnekleri

Bu bulgular, kirsal yollarda trafik giivenligini dogrudan etkileyen fiziksel altyapi sorunlarina
isaret etmektedir. Ozellikle levhalarm diizenli bakiminin yapilmamasi ve zaman iginde olusan
deformasyonlarin giderilmemesi hem siiriiciiler hem de yayalar agisindan risk unsuru
olusturmaktadir. Elde edilen veriler, kirsal bolgelerde trafik isaretleme sistemlerinin
stirdiiriilebilir bir bakim-onarim programina ihtiya¢ duydugunu ortaya koymaktadir.

4. SONUCLAR

Bu calisma, Siirt ili Kurtalan ilgesine bagli Yesilkonak, Kayalisu ve Tulumtas koyleri
arasindaki yaklasik 20 kilometrelik kirsal giizergdhta yer alan trafik levhalarinin mevcut
durumunu degerlendirmek amaciyla gozlemsel yontemle gerceklestirilmistir. Arazi gozlemleri
ve fotograflama calismalari sonucunda, bolgede ¢esitli uyart ve yonlendirme levhalarinin
bulundugu, ancak bu levhalarin bir kismmin fiziksel bitiinligini yitirdigi, yanlis
konumlandirildig1 ya da goriiniirliigiiniin yetersiz oldugu tespit edilmistir. Ozellikle hasarls,
eksik ya da yerinde olmayan levhalar, kirsal yol kullanicilari i¢in ciddi bir giivenlik riski
olusturmaktadir.

Genel anlamda bazi levhalarin standartlara uygun bigimde yerlestirilmis olmasi olumlu bir
durum teskil etse de levha bakim-onarim siireglerinin yetersizligi, trafik giivenligini olumsuz
etkileyebilecek bir unsur olarak 6ne ¢ikmaktadir. Bu bulgular, kirsal bolgelerdeki yol giivenligi
politikalarinin gdzden gecirilmesi ve 6zellikle trafik isaretlemelerine yonelik diizenli kontrol ve
bakim mekanizmalarinin olusturulmasi1 gerekliligini ortaya koymaktadir. Ayrica, yerel
yonetimlerin ve ilgili kamu kurumlarimin bu alandaki sorumluluklarin1 daha etkin bi¢imde
yerine getirmesi, kirsal ulagim altyapisinin siirdiiriilebilirligi agisindan kritik bir dneme sahiptir.

Not: Bu ¢alisma, Siirt Universitesi Miihendislik Fakiiltesi Insaat Miihendisligi Béliimii'nde,
Trafik Miihendisligi dersi kapsaminda hazirlanmigtir. Arazi ¢alismasinda sagladigi degerli
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desteklerden dolay1 yazarlar, Siirt Universitesi Miihendislik Fakiiltesi Insaat Miihendisligi
Boliimii mezunu Abdulcelil Dagcr’ya tesekkiirlerini sunar.
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MINDFULNESS INTERVENTIONS TO IMPROVE SELF-ESTEEM AND
PSYCHOLOGICAL WELL-BEING: INVESTIGATING THE ROLE OF
CONTINGENT SELF-ESTEEM

Sofia Alvarez, Ricardo Gomez, Elisa Martinez, Javier Lopez
Department of Psychology, University of Madrid, Spain

Abstract: This study examines the effects of mindfulness interventions on psychological well-
being, with a particular emphasis on self-esteem. In an age dominated by social media and the
constant pressure of upward social comparisons, the role of self-esteem in personal well-being
has become increasingly important. This research evaluates whether mindfulness practices can
reduce the impact of contingent self-esteem, which is heavily dependent on external approval.
An 8-week mindfulness-based stress reduction (MBSR) program was administered to 210
participants to assess its effectiveness. The results showed that the MBSR program significantly
improved participants' trait mindfulness, self-esteem, and overall well-being, while notably
decreasing contingent self-esteem. Furthermore, improvements in both types of self-esteem
were positively associated with increased psychological well-being. However, contingent self-
esteem was found to have a stronger predictive relationship with well-being than explicit self-
esteem. These results highlight the importance of targeting various aspects of self-esteem in
mindfulness interventions, indicating that such practices can be an effective tool for cultivating
more stable self-esteem and enhancing psychological well-being.

Keywords: Mindfulness-based stress reduction, contingent self-esteem, explicit self-esteem,
psychological well-being.
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BIFORMERDTA: STRUCTURAL EMBEDDING OF PROTEIN IN DRUG TARGET
AFFINITY PREDICTION USING BIFORMER

Leila Baghaarabani, Parvin Razzaghi, Mennatolla Magdy Mostafa,

Department of Bioinformatics, University of Tehran, Iran

Abstract:

Predicting interactions between drugs and their molecular targets plays a crucial role in the
progression of drug discovery. Due to time and resource limitations, computational techniques
have become essential for drug-target interaction (DTI) prediction. This study takes a step
beyond conventional methods, which primarily use drug molecules and protein sequences, by
introducing a novel protein representation via a masked protein language model. In this
approach, each amino acid residue is assigned a probability distribution, indicating the
likelihood of its position within the protein sequence. The similarity between pairs of amino
acids is computed to create a similarity matrix, which is then utilized by Bi-Level Routing
Attention (BiFormer), a model that combines transformer-based architectures with protein
sequence analysis. BiFormer advances DTI prediction by identifying crucial regions in the
protein sequence that are responsible for drug interactions. This method significantly improves
the understanding of the local structural relationships in proteins, enhancing the accuracy of
DTI predictions. The model was tested on the well-established Davis and KIBA datasets,
demonstrating superior performance compared to existing methods in the field.

Keywords: BiFormer, transformer, protein language processing, self-attention mechanism,

binding affinity, drug target interaction, similarity matrix, protein masked representation,
protein language model.
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DECLEX-PROCESSING PIPELINE FOR TUMOR CLASSIFICATION

Gaurav Shinde, Sai Charan Gongiguntla, Prajwal Shirur, Ahmed Hambaba
Department of Computer Science, University of Mumbai, India

Abstract:

The growing prevalence of health issues has put considerable pressure on healthcare systems
worldwide, especially post-COVID-19. This has led to an increased adoption of machine
learning techniques in the healthcare sector. In this paper, we present DeCIEX, a robust pipeline
designed to enhance tumor classification accuracy. DeCIExX integrates data preprocessing
techniques, including Gaussian noise addition and blurring, ensuring the model mirrors real-
world conditions. We leverage autoencoders for intermediate feature learning, followed by a
convolutional neural network (CNN) enhanced with spatial attention, which achieves
comparable performance to state-of-the-art pre-trained models while tripling the training speed.
Additionally, we integrate explainable Al techniques to offer interpretable results. The DeCIEx

pipeline combines noise reduction, image deblurring, classification, and explainability,
providing a comprehensive solution for tumor classification.

Keywords: Machine learning, healthcare, tumor classification, explainability.
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MICROFLUIDIC MANIPULATION FOR BIOMEDICAL AND BIOHEALTH
APPLICATIONS

Reza Hadjiaghaie Vafaie, Sevda Givtaj
Department of Biomedical Engineering, Baku State University, Baku, Azerbaijan

Abstract:

The automation and manipulation of biological samples at the microscale are crucial for
advancements in biochemistry and biomedical diagnostics. Despite the promising potential of
miniaturized systems, fluid control at the microscale remains underexplored. In this study, we
investigate the impact of electric fields within microfluidic channels and explore various
electrode structures designed to generate forward, reverse, and rotational flows. Our simulations
indicate that AC electro-thermal flow is highly effective for controlling and automating the
movement of high-conductivity fluids. We numerically analyze the pumping and mixing effects
by solving coupled equations for electric, temperature, hydrodynamic, and concentration fields
within the microchannel. Experimentally, we fabricate the electrode structures on a silicon
substrate and integrate them with a PDMS microchannel to create a functional microfluidic
chip. Fluorescent particle motion under pumping and mixing conditions is captured using a
CCD camera. By analyzing the frequency response and applying appropriate voltage to the
electrodes, we observe fluid dynamics including pumping and mixing effects within the
channel. The experimental results show strong agreement with the simulation data, validating
the proposed method for microfluidic manipulation.

Keywords: Microfluidic, Nano/Micro Actuator, AC Electrothermal, Reynolds Number,
Micropump
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MEDICAL IMAGE FUSION IN BIOMEDICAL ENGINEERING EDUCATION

loan D. Popescu, Elena M. lonescu, Alexandru T. Vasile

Department of Biomedical Engineering, University of Bucharest, Romania

Abstract:

The integration of computational tools has become a cornerstone in interactive learning,
particularly within engineering education. In the medical sector, imparting knowledge of
medical image processing is vital for training biomedical engineers, as it plays a key role in
healthcare systems and hospitals. This paper introduces a teaching-learning simulation tool,
designed using MATLAB with a Graphical User Interface, for medical image fusion,
showcasing various image fusion methods alongside image pre-processing techniques. The
application employs multiple algorithms and real-time medical fusion techniques, enabling
users to view original and fused images, compare processed versus original images, adjust
parameters, and save the results. This tool fosters a dynamic, engaging educational experience
for biomedical engineering students, providing them with practical knowledge on medical
image fusion techniques and skills critical to their professional training. In conclusion, the
simulation tool offers real-time visualization of original and fused images, along with the ability
to test and refine students' understanding of image fusion. It also encourages exploration of
medical imaging applications, particularly in image fusion, which holds significant relevance
in the medical field. Both instructors and students can customize the tool by making adjustments

or creating new functions, ensuring the environment remains flexible and adaptable to emerging
techniques and methodologies.

Keywords: Image fusion, image processing, teaching-learning simulation tool, biomedical
engineering education.
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DEVELOPING OPTICAL SENSORS FOR CANCER DETECTION USING ELASTIC
LIGHT SCATTERING SPECTROSCOPY

Ahmad Ali Khan, Sara Mehmood, Omar Zubair

Department of Physics, University of Lahore, Pakistan

Abstract:

Cancer remains one of the leading causes of mortality globally, with early detection being a
crucial factor in improving survival rates. Current diagnostic techniques, however, are often
limited by low sensitivity and specificity. This study focuses on the development of an optical
sensor for cancer detection, utilizing Elastic Light Scattering Spectroscopy (ELSS), a non-
invasive optical method. The sensor was designed to analyze the scattering of light by particles
suspended in a medium, which could be indicative of cancerous cells. The optical probe
developed in this research featured a 100-um-diameter core and a 132-um centre-to-centre
separation, making it capable of detecting particles in a range of sizes.

In this study, ELSS spectra were measured for polystyrene spheres of different diameters: 2
pm, 0.8 um, and 0.413 pm. The results demonstrated that the probe was capable of
distinguishing between the different particle sizes and could detect polystyrene spheres in
concentrations as low as 0.01%. The study showed that ELSS could effectively differentiate
between various sizes of particles, suggesting its potential in detecting cancerous cells by
analyzing the size and concentration of cells within a tissue sample.

Additionally, ELSS can provide valuable insights into the stage of cancer by offering a clear
characterization of the cellular structure. By analyzing light scattering patterns, this method
could help identify cancerous cells early, contributing to better diagnosis and treatment
outcomes. However, further clinical research is required to fully assess the diagnostic
capabilities of ELSS for cancer detection.

Keywords: Elastic Light Scattering Spectroscopy, Optical Probe, Cancer Detection,
Polystyrene Spheres, Non-Invasive Technique.
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ELECTRODERMALACTIVITY MEASUREMENT USING CONSTANT CURRENT
AC SOURCE

Cristian Chacha, Dr. David Asiain, Jesus Ponce de Leon, Prof. Dr. José Ramoén Beltran
Department of Biomedical Engineering, University of Barcelona, Spain

Abstract:

This study investigates the electrodermal activity (EDA) measurement technique using a
constant current AC source, focusing on the performance of the AFE AD5941 in impedance
measurement applications. The primary objective is to enhance the precision of impedance
values for integration into wearable devices designed for EDA monitoring. The findings
demonstrate that while using a constant current AC source introduces a higher level of
dispersion in the results, it significantly improves measurement accuracy and produces a more
linear response in terms of error. This research ultimately contributes to the development of
more reliable and precise systems for EDA monitoring, especially for wearable technology.

Keywords: Electrodermal Activity, constant current AC source, wearable devices, impedance
measurement, accuracy, precision.
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A NOVEL APPROACH FOR CORONARY HEART DISEASE PREDICTION USING
ECG SIGNALS WITH RESNET AND BI-LSTM

Yang Zhang, Jian He

School of Computer Science, Tsinghua University, Beijing, China

Abstract:

Coronary heart disease (CHD) remains a leading cause of mortality worldwide, with
electrocardiogram (ECG) signals commonly used for its diagnosis. However, traditional
methods for predicting CHD based on ECG signals require substantial expertise from healthcare
professionals. This study introduces an innovative approach combining sliding window and
continuous wavelet transform (CWT) to convert ECG signals into image-like representations.
Subsequently, a deep learning model incorporating ResNet and Bi-LSTM is employed to
extract features, forming a robust ECG feature extraction network, referred to as ECGNet. The
proposed method leverages modified ResNetl8 and Bi-LSTM architectures to develop an
auxiliary system for CHD prediction, utilizing the publicly available MIMIC-3 ECG dataset for
training and evaluation. Experimental results demonstrate an impressive accuracy of 83%,
along with an Fl-score of 83%. When compared to traditional methods like k-Nearest
Neighbors (KNN), decision trees, and VGGNet, the proposed system not only enhances
prediction accuracy but also mitigates the issues related to deep learning network degradation.

Keywords: Bi-LSTM, CHD, coronary heart disease, ECG, electrocardiogram, ResNet, sliding
window.
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MICROENCAPSULATION OF PROBIOTIC: EVALUATION OF VIABILITY AND
CYTOTOXIC ACTIVITIES OF ITS POSTBIOTIC METABOLITES ON MCF-7
BREAST CANCER CELL LINE

Nkem Victor Enwuru, Bola Nkeki, Emmanuel Adebayo Adekoya, Olumide Adebisi
Adebesin,

Department of Microbiology, University of Lagos, Nigeria

Abstract:

The increasing awareness of the health benefits of probiotics has spurred interest in enhancing
their viability during processing, handling, storage, and gastrointestinal transit. Encapsulation
is a promising technique for improving probiotic viability. This study focuses on the
microencapsulation of a probiotic and the evaluation of the viability and cytotoxic activity of
its postbiotic metabolites on the Michigan Cancer Foundation (MCF)-7 breast cancer cell line.
Lactic acid bacteria were isolated from human and animal raw milk samples, identified using
both conventional and VITEK 2 systems. The identified bacteria were encapsulated using the
spray-drying method, and both free and encapsulated cells were exposed to simulated gastric
intestinal (SGI) fluid and varying storage conditions to assess their viability. The properties of
the probiotic granules, including disintegration time and weight uniformity, were evaluated.
Additionally, the postbiotic metabolites from the free cells were extracted, and their cytotoxic
effects were tested on the MCF-7 cell line via the MTT assay. The isolated bacteria were
identified as Lactobacillus plantarum, with granule sizes ranging from 0.71-1.00 mm in
diameter, a disintegration time between 2.14 £ 0.045 and 2.91 + 0.293 minutes, and an average
weight of 502.1 mg. Encapsulated cells stored at 4°C showed better viability than those stored
at room temperature (25°C). The encapsulated probiotic cells also exhibited enhanced viability
when exposed to SGI solution at different pH levels, compared to free cells. The postbiotic
metabolites of L. plantarum demonstrated significant cytotoxic activity, comparable to the
standard chemotherapy agent 5-fluorouracil (5FU). The IC50 values of the postbiotic
metabolites aligned with those of cisplatin, confirming their potential as an adjuvant in breast
cancer therapy. This study supports the use of microencapsulation for maintaining probiotic
viability and enhancing postbiotic-mediated cytotoxicity in cancer treatment.

Keywords: Cytotoxicity effect, encapsulation, postbiotic, probiotic.
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SUSTAINABLE MANUFACTURING OF SOLENOID VALVE HOUSING IN FUJI:
FUSED DEPOSITION MODELING AND EMERGY ANALYSIS

Hisham Cabemaiwai, Assis. Prof. Dr. Prasad Dauvakatini,
University of Fiji, Fiji
Abstract:

A solenoid valve plays a crucial role in regulating fluid flow within various systems. In Fiji, the
solenoid valve housing is not locally manufactured and is expensive to acquire due to its
complexity and the lack of availability. In the health sector, the housing part of the solenoid
valve is prone to damage with continuous machine use, and its high cost of replacement is a
concern. This study investigates the sustainable manufacturing of solenoid valve housings
through the Fused Deposition Modeling (FDM) process. An emergy analysis was conducted to
assess the feasibility and sustainability of producing this component locally. The Unit Emergy
Value (emergy transformity) of electricity in Fiji was found to be 1.27E + 05 sej/j. The total
emergy of the manufacturing process was estimated at 3.05E + 12 sej, with the majority of
energy sourced from imported services and materials. Only 16.04% of the total emergy came
from renewable sources. Despite this, the solenoid valve housing can be produced locally in
Fiji at a reasonable cost of $FJ 2.85 and acceptable quality. However, the environmental impact
is significant, suggesting the need for exploring alternative raw materials, such as recycled PET,
or alternative manufacturing processes to improve sustainability before proceeding with large-
scale production using FDM.

Keywords: Emergy analysis, fused deposition modeling, solenoid valve housing, sustainable
production.
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OPTIMIZATION OF CONSTRUCTION PRACTICES: IMPLEMENTATION OF
MODERN WORK MODULES TO INCREASE ATTRACTIVENESS FOR
EMPLOYEES

Robin Becker, Nane Roetmann, Manfred Helmus
Department of Civil Engineering, University of Stuttgart, Germany

Abstract:

The construction sector faces a shortage of junior staff, with the appeal of the profession
particularly lacking among students. A key challenge is the gap between the traditional job
profile and the evolving preferences of young professionals for more flexible and contemporary
work models. Addressing this conflict is crucial for the long-term sustainability of small and
medium-sized enterprises in the construction industry. This paper examines the implementation
of modern work modules designed to enhance employee attraction and retention. The results of
applying these work modules in real-world construction practices are presented and analyzed,
highlighting the impact on workforce satisfaction and productivity.

Keywords: Modern construction management, construction industry, work modules, employee
attraction, flexible work practices.

243



iR
A LORFERER
5 v,

,

MUNZUR 8th INTERNATIONAL CONFERENCE ON APPLIED SCIENCES
April 11 - 13, 2025- TUNCELI
ISBN NR. : 978-625-5962-60-7

ACADE

My 03

8
onmsn®

www.skademikongre.arg

USE OF SEISMIC ISOLATION SYSTEMS IN HIGH-RISE HOSPITAL BUILDINGS:
A HYBRID APPROACH

Emre Bakkaloglu, Dr. Nisa Torunbalc1

Department of Civil Engineering, Nazarbayev University, Kazakhstan

Abstract:

Earthquakes are inevitable natural disasters that pose significant risks to infrastructure,
particularly in seismic zones like Turkey. In such regions, it is crucial to prepare buildings to
withstand these hazards, especially hospital buildings that serve as essential facilities for
disaster relief. While hospital structures are generally designed with a horizontal layout, the
increasing urbanization, limited available land, and rising land values make multi-story hospital
buildings a necessity. In Turkey, the use of seismic isolators has been mandated for public
hospitals located in high seismic zones with more than 100 beds. This regulation has led to the
construction of seismic-isolated multi-story hospital buildings in certain cities. Despite the
widespread use of seismic isolation systems in countries like Japan, the application of these
systems in multi-story hospital buildings in Turkey remains limited. Base isolation is
recognized as one of the most effective methods for earthquake resistance. However, in multi-
story buildings, the increasing number of floors raises the center of gravity, making the building
more susceptible to overturning forces and reducing the effectiveness of isolation systems. This
study aims to explore the structural systems of multi-story buildings that have incorporated
seismic isolation technologies globally. Additionally, it proposes a hybrid working principle for
seismic isolators used in multi-story hospital buildings. The findings of this research will
provide valuable guidance to architects and engineers involved in the design of multi-story
hospital buildings, contributing to more effective earthquake-resistant structures.

Keywords: Earthquake, energy absorption systems, hospital, seismic isolation systems.
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EFFECT OF AGRICULTURAL WASTE AS A FILLER IN FIBRE CEMENT BOARD
REINFORCED WITH NATURAL CELLULOSIC FIBRES

Anuoluwapo S. Taiwo, David S. Ayre, Morteza Khorami, Sameer S. Rahatekar
Department of Civil Engineering, University of Ibadan, Nigeria

Abstract:

This study investigates the use of agricultural waste, specifically corncob (CC), as a filler
material to reduce cement content in fibre-reinforced cement composite boards for construction
applications in low-cost housing in developing regions. Corncob is widely available in many
West African countries but has not been effectively utilized in construction materials. The
primary goal of this research is to transform this abundant agro-waste into a viable filler material
for reducing cement content in fibre-cement board production. The study involved developing
Kraft pulp fibre-reinforced cement composite boards by incorporating varying amounts of CC
powder (1-4%) as a filler. A laboratory-based vacuum de-watering process was employed for
board fabrication. Mechanical properties were assessed through a three-point bending test,
while the fractured surfaces were analyzed using Scanning Electron Microscopy (SEM). The
results indicated that the flexural strength of the composite boards improved significantly, with
a 39% increase compared to the control sample without CC replacement. However, higher CC
content slightly impacted the ductility of the boards. SEM analysis showed strong fibre-matrix
bonding and a transition from ductile to brittle fracture behavior. The optimal properties were

achieved with 2% CC powder as filler, meeting the relevant standards for fibre cement flat
sheets.

Keywords: Kraft pulp fibre, fibre-cement board, agricultural waste, sustainability, building
applications.
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IN-PLANE SHEAR TESTS OF PREFABRICATED MASONRY PANEL SYSTEM
WITH TWO-COMPONENT POLYURETHANE ADHESIVE

Erdem Fehling, Dr. Peter Capewell

Department of Structural Engineering, University of Berlin, Germany

Abstract:

The use of masonry bonded with polyurethane adhesive has gained significant attention in
recent years. In 2021, the Department of Structural Engineering at the University of Berlin
conducted quasi-static in-plane shear tests on prefabricated masonry panel systems using two-
component polyurethane (2K PUR) adhesive to examine their performance under seismic
loading. Alongside conventional deformation measurements via displacement transducers, all
tests were monitored using an optical measuring system, allowing for detailed analysis of
surface strains and deformations. To benchmark the results, additional reference tests were
performed on specimens with traditional thin-bed mortar joints. This study presents the findings
of these tests and compares the load-bearing behavior of masonry bonded with polyurethane
adhesive to that of masonry bonded with thin-bed mortar, aiming to assist in the development
of more accurate non-linear models for seismic design.

Keywords: Glued masonry, in-plane shear tests, shear resistance, polyurethane adhesive.
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IDENTIFICATION OF IMPACT LOADS AND SYSTEM PARAMETERS USING 1D-
CNN

Xuewen Yu, Danhui Dan

Department of Mechanical Engineering, Beijing Institute of Technology, Beijing, China

Abstract:

The identification of impact loads and difficult-to-measure system parameters is essential for
effective analysis and validation in engineering applications. This study introduces a method
based on 1D Convolutional Neural Networks (1D-CNN) to identify impact loads and key
system parameters from recorded responses. In this approach, forward computations generate
datasets containing parameter 0, input u, and output y. Two neural networks are trained: one to
map output y to input u, and another to map both input and output (u, y) to parameter 6. By
feeding the measured output response into these trained networks, the method calculates the
impact load and system parameter. The method is validated using two simulated examples,

demonstrating high accuracy in estimating impact load characteristics (waveform and location)
and system parameters.

Keywords: Convolutional Neural Network, Impact Load Identification, System Parameters,
1D-CNN, Engineering Validation

247



iR
A LORFERER
5 v,

,

MUNZUR 8th INTERNATIONAL CONFERENCE ON APPLIED SCIENCES
April 11 - 13, 2025- TUNCELI
ISBN NR. : 978-625-5962-60-7

ACADE

My 03

8
onmsn®

www.skademikongre.arg

CONSIDERING THE EFFECT OF SEMI-RIGID CONNECTIONS IN STEEL
FRAME STRUCTURES FOR PROGRESSIVE COLLAPSE

Farzad Karimi Ghaleh Jough, Mohammad Soori
Department of Civil Engineering, University of Tehran, Tehran, Iran

Abstract:

The occurrence of progressive collapse in structures poses significant challenges, requiring
effective strategies to enhance their resistance against such phenomena. In this study, the
vulnerability of both existing and under-construction buildings to progressive collapse is
examined. The lateral load-resisting system and the type of connections within the building are
among the most critical factors influencing the structure's ability to resist progressive collapse.
This research utilizes the "Alternative Path” methodology as outlined by the GSA2003 and
UFC2013 guidelines to explore various semi-rigid connection configurations. The study uses
the Opensees software to model nine different semi-rigid connection setups in a three-story
Special Area of Conservation (SAC) building, with particular attention to the stiffness of the
connections. Nonlinear dynamic analysis was conducted to simulate column removal scenarios,
specifically corner and middle column removal at the first level. The results from nonlinear
static analysis revealed that when a column was removed, structures with semi-rigid
connections exhibited larger displacements, leading to the formation of plastic hinges.
Furthermore, it was evident that the likelihood of progressive collapse increased as the number
of semi-rigid connections in the structure grew.

Keywords: Semi-rigid, nonlinear static analysis, progressive collapse, alternative path.
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FLOATING OFFSHORE WIND: A REVIEW OF INSTALLATION VESSEL
REQUIREMENTS

Alex P. Crowle, Michael J. Stewart, William T. Carter

Department of Marine Engineering, University of Algiers, Algeria

Abstract:

Floating offshore wind farms are emerging as a promising source of renewable energy, with the
potential to significantly contribute to the global energy transition. A key challenge in the
deployment of these technologies is the provision of specialized installation vessels capable of
supporting the offshore installation of floating wind turbines. This paper provides an overview
of the current fleet of vessels utilized in the installation of floating wind turbines, highlighting
the different types required for various stages of construction. Separate vessels are needed for
the ocean tow-out, offshore installation, and the connection of essential infrastructure.
Additionally, the paper discusses the need for new and innovative vessels to improve
installation efficiency and reduce costs. Specialized vessels, such as anchor handling vessels,
subsea workboats, and cable-laying ships, play a vital role in the mobilization, installation of
moorings, and connection of subsea cables. The paper further explores the port infrastructure

required for the vertical integration of turbine components, including the substructure, tower,
nacelle, and blades.

Keywords: Floating wind, offshore wind turbines, installation vessels, renewable energy
infrastructure, offshore ports
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DECISION SUPPORT STRATEGIES FOR MODULARIZATION IN ENGINEERING
CONSTRUCTION: CASE STUDIES IN OIL, GAS, AND POWER PLANTS

Bat-Erdene Nyamsuren, Tungalag Batbold, Chuluunbaatar Enkhbaatar

Mongolian University of Science and Technology, Mongolia

Abstract:

This paper explores decision support strategies in the engineering construction (EC) sector to
identify the optimal degree of modularization. The study is based on case studies from three oil
and gas (O&G) projects and two power plant projects. Data were gathered through semi-
structured interviews (n = 59 for O&G and n = 27 for power plants), document analysis, and
case-specific validation interviews (n = 12 and n = 8, respectively). A new terminology to
differentiate modularization levels is proposed, along with a decision-making checklist and a
visual support figure. The findings show that EC sub-sectors preferred component, structural,
or traditional modularization over system modularization for certain types of modules. The key
factors influencing modularization decisions varied depending on module types. This study

aims to guide the EC sector in selecting the most effective degree of modularization through a
structured decision-making approach.

Keywords: Modularization, engineering construction, case study, decision support
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NUTRIENT CONTENT AND LABELING STATUS OF PRE-PACKAGED
BEVERAGES IN SAUDI ARABIA

Ruyuf Y. Alnafisah, Nouf S. Alammari, Amani S. Algahtani
King Saud University, Riyadh, Saudi Arabia

Abstract:

The selection of beverages can influence the risk of non-communicable diseases, yet there is
limited awareness regarding the nutritional content of these drinks. This study aims to evaluate
the nutrient content of pre-packaged beverages available in the Saudi Arabian market. Data
were obtained from the Saudi Branded Food Database (SBFD), with nutrient content
standardized by units and reference volumes to ensure consistency in the analysis. A total of
1490 beverages were analyzed. Dairy products exhibited the highest median levels for most
nutrients, including energy (68.4 [43-188] kcal/100 ml in milkshakes), protein (8.2 [0.5-8.2]
g/100 ml in yogurt drinks), total fat (2.1 [1.3-3.5] g/100 ml in milk), saturated fat (1.4 [O-
1.4]19/100 ml in yogurt drinks), cholesterol (30 [0-30] mg/100 ml in yogurt drinks), sodium (65
[65-65] mg/100 ml in yogurt drinks), and total sugars (12.9 [7.5-27] g/100 ml in milkshakes).
Nectar drinks had the highest carbohydrate content (13 [11.8-14.2] g/100 ml), followed by fruit
drinks (12.9 [11.9-13.9] 9/100 ml) and sparkling juices (12.9 [8.8-14] g/100 ml). Regular soft
drinks had the highest levels of added sugars (12 [10.8-14] g/100 ml). The average nutrient
declaration rate was 60.95%, with carbohydrates having the highest declaration rate (99.1%),
and yogurt drinks showing the highest declaration rate among beverage categories (92.7%). The
median levels of vitamins A and D in dairy products met the required mandatory addition levels.
This study provides critical insights into the nutrient composition of pre-packaged beverages in
Saudi Arabia, laying the groundwork for future research and regulatory measures. The results
support the implementation of a tax on sugary beverages and emphasize concerns about the
health implications of excessive sugar in fruit juices. Despite the inclusion of vitamins D and
A in dairy products, the study highlights the necessity for alternative strategies to address
nutritional deficiencies.

Keywords: Pre-packaged beverages, nutrient content, nutrient declaration, daily percentage
value, Saudi Arabia.

251



iR
A LORFERER
5 v,

,

MUNZUR 8th INTERNATIONAL CONFERENCE ON APPLIED SCIENCES
April 11 - 13, 2025- TUNCELI
ISBN NR. : 978-625-5962-60-7

ACADE

My 03

8
onmsn®

www.skademikongre.arg

ANALYSIS OF NOODLE PRODUCTION PROCESS AT YAN HU FOOD
MANUFACTURING: BASIS FOR PRODUCTION IMPROVEMENT

Rhadinia Tayag-Relanes, Felina C. Young
Department of Industrial Engineering, University of Philippines, Philippines

Abstract:

This research focuses on the analysis of the noodle production process at Yan Hu Food
Manufacturing to provide a foundation for production improvements. The study employed the
Plan, Do, Check, Act (PDCA) methodology, alongside record reviews for data collection
covering the 2019 calendar year, from August to October. The research primarily targeted the
production processes of three types of noodles: miki, canton, and misua. A causal-comparative
research design was used to explore the cause-and-effect relationships between production
variables, with descriptive statistics and correlation analysis applied to evaluate the data. The
results revealed that the production of miki, canton, and misua follows distinct cycle times and
varying output levels across different production stages, along with discrepancies in wastage
rates. The company has not yet defined a formal acceptable rejection rate for wastage, and a
1% wastage limit was applied in this study. Based on the findings, several recommendations
were made: ensuring the consistent maintenance and monitoring of the machinery used in the
production process; conducting a statistical performance assessment of production operators,
taking into account both output and machine efficiency; performing a root cause analysis to
address production problems; and establishing an improved data recording system for input and
output tracking to enhance the accuracy of production records.

Keywords: Production, continuous improvement, process, operations, Plan-Do-Check-Act
approach.

252



iR
A LORFERER
5 v,

,

MUNZUR 8th INTERNATIONAL CONFERENCE ON APPLIED SCIENCES
April 11 - 13, 2025- TUNCELI
ISBN NR. : 978-625-5962-60-7

ACADE

My 03

8
onmsn®

www.skademikongre.arg

BIOACTIVITY OF PEPTIDES FROM TWO MUSHROOM SPECIES

Assis. Prof. Dr. Parisa Farzaneh, Dr. Azade Harati

Department of Biotechnology, University of Tehran, Iran

Abstract:

Mushrooms, as a valuable source of bioactive compounds, particularly bio-peptides, have
garnered significant interest for their health benefits. In this study, proteins were extracted from
two mushroom species using a buffer solution, with or without salt (0.15 M), coupled with
ultrasound treatment to facilitate the extraction of intercellular proteins. The proteins were
primarily categorized as albumins. Subsequent hydrolysis of the proteins by both endogenous
and exogenous proteases, including gastrointestinal enzymes, led to the formation of bioactive
peptides. Notably, Agaricus bisporus exhibited higher enzymatic activity compared to Terfezia
claveryi, with activity ceasing at 75% after 15 minutes. The application of various treatments,
including blanching, endogenous enzymes, and combinations of gastrointestinal enzymes
(pepsin-trypsin-a-chymotrypsin or trypsin-a-chymotrypsin), resulted in hydrolysates with
diverse antioxidant and antibacterial properties. The peptides obtained through ultrafiltration
exhibited distinct levels of radical scavenging, lipid peroxidation inhibition, and antibacterial
activity. Furthermore, bio-peptides from Terfezia claveryi, particularly those with a molecular
weight under 3 kD, displayed resilience to environmental conditions such as varying pH and
temperature. These findings suggest that the bioactive peptides from these mushrooms are
promising candidates for incorporation into nutraceutical, pharmaceutical, and functional food
formulations, even under processing conditions.

Keywords: Bio-peptides, mushrooms, gastrointestinal enzymes, bioactivities.

253



iR
A LORFERER
5 v,

,

MUNZUR 8th INTERNATIONAL CONFERENCE ON APPLIED SCIENCES
April 11 - 13, 2025- TUNCELI
ISBN NR. : 978-625-5962-60-7

ACADE

My 03

8
onmsn®

www.skademikongre.arg

THE IMPACT OF NUTRITION EDUCATION ON THE ADHERENCE TO THE
MEDITERRANEAN DIET AND SUSTAINABLE EATING HABITS AMONG
UNIVERSITY STUDENTS

Wahyu Agus Pamungkas, Riska Belinda Setyawati, Dr. Ahmad Fajri Rifai,

Department of Chemical Engineering, Kabul University of Science and Technology, Kabul,
Afghanistan

Abstract:

This study investigates the influence of nutrition education on university students' adherence to
the Mediterranean diet and their sustainable eating habits. Participants included second, third,
and fourth-year students from the Faculty of Health Sciences, specifically the Nutrition and
Dietetics, Midwifery, Nursing, Physical Therapy, and Rehabilitation departments at a
university in Turkey. Adherence to the Mediterranean diet was assessed using the
Mediterranean Diet Adherence Scale, while sustainable eating behaviors were evaluated
through the Sustainable and Healthy Eating Behaviors Scale. Additionally, students' body
weight, height, and Body Mass Index (BMI) were measured. A total of 181 students participated
in the study, with 85 students from the Department of Nutrition and Dietetics and 96 from other
departments. Of the participants, 75.7% were female, and 24.3% were male. The average body
weight was 61.17 £ 10.87 kg, with an average BMI of 22.04 + 3.40 kg/m2. The mean score on
the Mediterranean Diet Adherence Scale was 6.72 + 1.84. Results indicated that 25.4% of the
students had poor adherence, while 66.9% required improvement. A comparison between
students who received nutrition education and those who did not revealed significantly higher
adherence scores for the educated group (p < 0.05). Furthermore, these students scored higher
on the Sustainable and Healthy Eating Behaviors Scale (p < 0.05). A moderate positive
correlation was found between the total scores of the Sustainable and Healthy Eating Behaviors
Scale and Mediterranean Diet Adherence (p < 0.05). Linear regression analysis suggested that
a 1-unit increase in Mediterranean diet adherence led to a 1.3-point increase in the total score
of the Sustainable and Healthy Eating Behaviors Scale. These findings underscore the
importance of sustainable and healthy eating for health promotion and disease prevention. The
Mediterranean diet, a model of sustainable nutrition, was shown to be positively influenced by
nutrition education, highlighting the need for further educational initiatives on sustainable
nutrition, such as courses or seminars, during university programs.

Keywords: Healthy eating, Mediterranean diet, nutrition education, sustainable nutrition.
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ANTIMICROBIAL ACTIVITY OF A GREEN SYNTHESIZED DRUG SUPPLEMENT:
NUTRITION BIO-SHIELD SUPERFOOD

Azam Bayat, Dr. Aref Khalkhali, Dr. Ali Reza Mahjoub
Department of Biomedical Sciences, University of Tehran, Iran

Abstract:

This study focuses on the synthesis of a drug supplement using an environmentally friendly
method, referred to as Nutrition Bio-Shield Superfood (NBS). With the growing global burden
of infectious diseases and the scarcity of effective treatments, the research evaluates the
antimicrobial properties of the NBS supplement. The experiment examined the effects of
different concentrations of NBS on the inhibition of bacterial growth associated with common
infectious diseases. The highest antimicrobial activity was observed at a concentration of 100
mg/ml, with a notable halo diameter. In contrast, a concentration of 12.5 mg/ml showed the
lowest antibacterial effect. Overall, NBS supplementation is shown to enhance immune defense
in the human body, suggesting its potential as an alternative antimicrobial agent.

Keywords: Drug supplement, biomaterial, antimicrobial, immune enhancement, human health.
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PRODUCTION AND CHARACTERIZATION OF LACTOSE-FREE YOGURT USING
MEMBRANE TECHNOLOGY AND MODIFIED MILK PROTEIN CONCENTRATE

Shahram Naghizadeh Raeisi, Ali Alghooneh
Department of Food Science and Technology, University of Tehran, Tehran, Iran
Abstract:

A lactose-free yogurt was developed through the use of membrane technology combined with
the modification of milk protein structural properties. The functional, textural, and structural
characteristics of the resulting yogurt were analyzed and compared to commercial products.
The findings revealed that the modification of protein in high-fat set yogurt resulted in
significant improvements, with 11.55%, 18%, 20.21%, and 7.08% higher hardness,
consistency, water holding capacity, and shininess values, respectively, when compared to the
control. Similarly, the modified low-fat set yogurt exhibited 21.40%, 25.41%, 28.15%, and
10.58% higher values for these same parameters. These enhancements were attributed to the
microstructural changes in the gel network of the yogurt formulated with modified protein.
Additionally, compared to the control yogurt, the high-fat modified yogurt showed a 22.10%
increase in linkage strength (A), a 50.68% increase in the number of linkages (z), and a 21.82%
increase in the time scale of linkages (Arel). On the other hand, the average linear distance
between two adjacent crosslinks (§) was 16.77% lower. For the low-fat modified yogurt, the
indices of A, z, Arel, and § increased by 34.30%, 61.70%, and 42.60%, while & decreased by
19.20% in comparison to the control. The shelf life of the modified yogurt was extended to 10
weeks when refrigerated, whereas the control yogurt had a shelf life of only 3 weeks. The
acidity levels of both high-fat and low-fat modified yogurts increased from 76 to 84 and 72 to
80 Dornic degrees, respectively, over 10 weeks of storage, while control samples increased
from 82 to 122 and 77 to 112 Dornic degrees. This behavior was likely due to the elimination
of microbial energy sources in the modified yogurt. Furthermore, the calories in both high-fat
and low-fat lactose-free yogurts were 25% and 40% lower than their respective control samples.
Overall, the results indicated that lactose-free yogurt with modified protein, despite having 1%
less protein content than the control, demonstrated superior functional properties, nutritional
benefits, network parameters, and shelf stability, making it a promising alternative in the set
yogurt industry.

Keywords: Lactose-free, low calorie, network properties, protein modification
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FURNIKO FLOUR: A SYMBOLIC COMPONENT OF GREEK PONTIC CULINARY
HERITAGE

A. Keramaris, T. Sawidis, E. Kasapidou, P. Mitlianga
Department of Culinary Arts, University of Thessaloniki, Greece

Abstract:

The culinary traditions of the Greek Pontic people have long been celebrated, yet they have not
garnered the same academic attention as other regional Greek cuisines, such as that of Crete.
This research aims to explore Greek Pontic cuisine, focusing on its unique ingredients, culinary
techniques, and the cultural significance of its dishes. The Pontic Greeks, who have resided for
centuries in the northern regions of modern-day Turkey and currently live predominantly in
northern Greece, are known for their rich culinary heritage. This cuisine, while simple, includes
a variety of flavorful and nutritious dishes that remain a vital part of the Pontic Greek identity.
To begin understanding this cuisine, we examine one of its most iconic ingredients: furniko
flour. Our study, conducted in Western Macedonia, northern Greece, investigates the traditional
production of furniko flour, which is made from non-hybrid corn varieties. The production
process begins with hand-harvesting the corn when the moisture content is sufficiently low for
roasting. After harvesting, the cobs are roasted in a wood oven for 24 hours before being
processed. The seeds are extracted by rubbing the cobs together and traditionally ground in a
stone hand mill. The resulting dark golden flour is highly aromatic and is used in making havitz,
a savory porridge-like dish. The preparation of havitz, a beloved dish in Greek Pontic cuisine,
is straightforward yet offers significant nutritional benefits, as noted by our research participant.
Beyond its nutritional value, havitz serves as a medium for fostering familial bonds and cultural
exchange. This research serves as an initial effort to document the traditional production of
furniko flour and its role in the culinary traditions of the Greek Pontic community. Future
studies will focus on analyzing the nutritional composition of furniko flour to further highlight
its value in traditional cooking.

Keywords: Furniko flour, Greek Pontic cuisine, Havitz, traditional foods, culinary heritage
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EXPLORING THE POTENTIAL OF INTEGRATING BLOCKCHAIN, CLOUD
COMPUTING, AND ARTIFICIAL INTELLIGENCE IN ENHANCING DATA
EXCHANGE WITHIN CONSTRUCTION SUPPLY CHAIN MANAGEMENT

Tran Duong Nguyen, Marwan Shagar, Qinghao Zeng,
Department of Civil Engineering, University of Seoul, South Korea

Abstract:

The management of construction supply chains involves the coordination of various disciplines
and actors, leading to the generation of vast amounts of data. However, traditional data storage
methods are often inefficient, fragmented, and lacking standardization, which can hinder
seamless data exchange. Building Information Modeling (BIM), a digital representation of a
facility's physical and functional attributes, has been adopted in the industry to foster
collaboration, ensure data security, and provide a unified platform for data exchange.
Nevertheless, the sheer volume and complexity of data necessitate a more refined approach to
organizing information in ways that meet stakeholders' diverse needs. To overcome these
challenges, Artificial Intelligence (Al) can be leveraged to manage complex data sets
effectively. This study aims to propose a novel approach to improve data exchange within
construction supply chain management (CSCM) by integrating Al. The paper outlines five
primary objectives: (1) Review the current frameworks and adoption of BIM, (2) ldentify
challenges related to data exchange, (3) Propose a comprehensive integrated framework, (4)
Improve data transmission security, and (5) Enhance the efficiency of data exchange in CSCM.
The framework suggests that the integration of BIM with advanced technologies such as cloud
computing, blockchain, and Al can significantly enhance both the accuracy and efficiency of
data exchange processes in construction supply chains.

Keywords: Construction supply chain management, Building Information Modeling,
blockchain, cloud computing, artificial intelligence.
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FLUOROMETRIC APTASENSOR: EVALUATION OF STABILITY AND
COMPARISON TO STANDARD ELISA ASSAY

John Carlos Kuri, Assoc. Prof. Dr. Varun Vijay, Dr. Raymond James Turner,

Department of Biochemical Engineering, University of Mexico, Mexico City, Mexico

Abstract:

Celiac disease (CD) is an immune disorder triggered by gluten consumption. As the demand
for gluten-free (GF) diets rises, a reliable diagnostic method has become essential. The enzyme-
linked immunosorbent assay (ELISA) has long been considered the gold standard for such
testing. However, ELISA has various limitations, prompting the search for alternative methods.
Nucleic acid-based aptamers, known for their specificity, selectivity, and ease of use, have
emerged as a promising alternative. Despite their potential, fluorescence-based aptasensors
have been criticized for instability, although data on their longevity remain scarce. This study
investigates the lifespan stability of a fluorescence-based aptasensor over an 8-week period.
The sensor was tested across 22 different samples, including both GF and gluten-rich (GR)
foods, soy sauce products, off-the-shelf items, and reference materials from laboratories,
resulting in 836 tests. The results indicate an accuracy of 96.30% for classifying GF products
and 100% for GR products when using molecular sieves. The overall accuracy remained around
94% during the first four weeks, gradually declining to 63% by the end of the study.

Keywords: Aptasensor, PEG, rGO, FAM, RM, ELISA.
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EFFECT OF ETHYL ALCOHOL FACTORY EFFLUENTS ON BARLEY
GERMINATION AND GROWTH PERFORMANCE

Azadeh Vaziri, Reza Khodadadi, Niloofar Mohammadi, Samira Farzaneh
Department of Environmental Science, University of Tehran, Iran

Abstract:

The use of effluents from industrial processes, such as those from ethyl alcohol factories, is an
emerging strategy to conserve water resources in agriculture. This study evaluates the potential
of vinasse, a by-product from the distillation of sugarcane molasses in ethyl alcohol production,
as an alternative water source for irrigation. A controlled experiment was conducted to examine
the effects of various ratios of water to vinasse on the germination and growth of barley
seedlings. The experiment followed a completely randomized design with three replications
and included a control treatment. Four irrigation treatments were tested, varying the proportion
of water to vinasse: 100% water, 90% water and 10% vinasse, 75% water and 25% vinasse, and
50% water and 50% vinasse. Results indicated that increasing the vinasse concentration
significantly reduced barley germination rates, with reductions of 20% and 93.33% compared
to the control in the second and third treatments, respectively. The germination percentage was
approximately 46.66%. Additionally, the average seedling stem length was 14.3 mm, and root
length averaged 9.37 mm. Soil properties, including electrical conductivity (EC) and pH, were
also impacted, with EC rising by 76.2% under vinasse irrigation treatments, reaching values of
5.85 dS/m and pH of 7.32.

Keywords: Electrical Conductivity, effluent, germination, vinasse, barley.
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DESIGN OF SINGLE-USE FOOD PACKAGING TO PRESERVE TEMPERATURE
OF HOT FOOD

Wibowo Sugiono, Hendra Ardiatna, Nabil Firdaus,
Department of Food Technology, University of Indonesia, Jakarta, Indonesia

Abstract:

The majority of people prefer their food to be warm when consumed, particularly when it is
purchased as takeaway. Unfortunately, most disposable food packaging does not have the
ability to maintain the temperature of the food for an extended period, which is essential to
ensure it stays warm. This study focuses on the design and evaluation of single-use food
packaging solutions that can effectively retain heat for longer durations. The research involved
either modifying existing commercial packaging or creating new packaging solutions using
locally available materials. The packaging was then tested by placing local foods inside and
measuring their temperature over time, specifically noting when it reached the minimum
acceptable temperature for hot food consumption (56°C). The findings revealed that plastic
boxes lined with a thin layer of aluminum foil were the most effective at maintaining the
temperature of food for up to 44 minutes. Additionally, packaging made from locally available
food-grade paper with a transparent plastic bag inside was found to retain heat for up to 82.31%
of the time compared to the best-performing packaging in this study. Ultimately, plastic boxes
with thin aluminum foil proved to be the best option for single-use food packaging that
effectively keeps hot food warm and safe for consumption.

Keywords: Aluminum foil, hot food, local food, packaging.
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RISK ASSESSMENT TOOL FOR AFLATOXIN CONTAMINATION IN DRIED FIGS
BASED ON MACHINE LEARNING ALGORITHMS

Klimentia Kottaridi, Lec. Vasilis Demopoulos, Anastasios Sidiropoulos, Dr. Diego Ihara,
Department of Agricultural Engineering, University of Thessaloniki, Greece

Abstract:

Aflatoxins are potent carcinogenic toxins produced by the Aspergillus species, capable of
contaminating various agricultural products, including dried figs. These toxins are influenced
by numerous biological and environmental factors, such as the population of the Aspergillus
species, soil properties, topography, and climatic conditions within fig orchards. While current
detection methods like high-performance liquid chromatography (HPLC) and enzyme-linked
immunosorbent assay (ELISA) are accurate, they are expensive, time-consuming, and sample-
destructive. This study introduces a risk assessment tool designed to predict aflatoxin
contamination in dried figs before harvest, using soil data and environmental parameters to
reduce both health and economic impacts. The tool integrates machine learning techniques,
including Principal Component Analysis (PCA) for dimensionality reduction, Mahalanobis
Metric for Clustering (metric learning), and the K-Nearest Neighbors (KNN) algorithm. The
model achieved an 85% mean performance, as measured by the Pearson Correlation Coefficient
(PCC) between observed and predicted values. This approach provides a reliable, non-
destructive, and cost-effective alternative for predicting aflatoxin contamination in fig crops,
contributing to better management practices in agriculture.

Keywords: aflatoxins, Aspergillus spp., dried figs, K-nearest neighbors, machine learning,
prediction
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PARTICLE SIZE ANALYSIS OF ALLUVIAL GOLD ORE SAMPLES FROM
ITAGUNMODI, SOUTHWESTERN NIGERIA USING GAUDIN SCHUMANN
METHOD

Dr. Olaniyi Awe, Adelana Adetunji, Assis. Prof. Dr. Abraham Adeleke
Department of Geology, University of Ibadan, Nigeria

Abstract:

Artisanal mining of alluvial gold ore has been a long-standing practice in Itagunmodi,
Southwestern Nigeria. To improve the efficiency of the widely used panning gravity separation
technique, it is essential to conduct a mineral particle size analysis. This study focuses on the
particle size distribution of alluvial gold ore samples collected from five distinct locations
within the area. A 500 g sample of the collected alluvial gold ore was subjected to a sieve
analysis using an electrical sieve shaker, with sieves arranged in descending aperture sizes of
5600 pum, 3350 pm, 2800 um, 355 um, 250 um, 125 pm, and 90 um. The shaker was operated
for 20 minutes, and the amount of material retained on each sieve was recorded for further
analysis. The particle size distribution was plotted using the Gaudin Schumann method. The
results revealed that the cumulative percentages of fine particle sizes in the -125+90 um
fractions ranged from 36.00% to 45.00% across the samples. These findings provide valuable
data for optimizing processing methods and improving performance in alluvial gold ore mining.

Keywords: Alluvial gold ore, Gaudin Schumann, particle size, sieve shaker
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REMOVAL OF DEPOSITS AND IMPROVEMENT OF SHELF LIFE IN CO2-RICH
MINERAL WATER USING OZONE-MICROBUBBLES

Hwa Choe Un, Hyon Choe Jong, Jun Kim Yong

Department of Environmental Engineering, Seoul National University, Seoul, South Korea

Abstract:

This study investigates the effective removal of Fe2+ ions using ozone microbubbles in bottled
CO2-rich mineral water to prevent sedimentation during storage and enhance the product’s
shelf life. Considering the low solubility of ozone and the high CO2 content in the mineral
water, an optimal ozone injection process was selected, and a treatment method utilizing ozone
microbubbles was proposed. After applying the ozone microbubble treatment, the concentration
of iron ions was significantly reduced from 0.14 mg/L to 0.01 mg/L, leading to an increased
shelf life of 360 days. Notably, the concentrations of K+ and Na+ remained nearly unchanged,
and the deposition time was reduced to one-third of that observed during natural oxidation.

Keywords: CO2-rich mineral water, ozone-microbubble, shelf life, bottled mineral water, water
treatment.
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MULTILAYER ADSORPTION AS A POSSIBLE TRANSITION STATE IN
HETEROGENEOUS HYDROGENATION OF C=C DOUBLE BONDS

Viktor Heral, Dr. Natalia lvanova, Dmitry Kuznetsov, Prof. Dr. Elena Vasilieva

Department of Chemical Engineering, Moscow Institute of Physics and Technology, Moscow,
Russia

Abstract:

The mechanism of heterogeneous catalytic hydrogenation remains a topic of debate in the
scientific community. While the Horiuti-Polanyi mechanism is often cited, it fails to
satisfactorily explain several observed phenomena. One key issue is that it overlooks the fact
that the bond between atomic hydrogen and the metal surface is strongly polarized.
Additionally, the Horiuti-Polanyi mechanism cannot explain why a catalyst surface, depleted
of atomic hydrogen due to thermal desorption or by alkynes, retains hydrogenation capabilities
while losing isomerization activity. Furthermore, it was noted that during the hydrogenation of
1-alkenes, the reaction can exhibit a zero-order dependence on both hydrogen and alkene
concentrations simultaneously, a scenario that is not compatible with the competitive
adsorption of both reactants on the catalyst surface.

We propose an alternative mechanism that addresses these issues, introducing the concept of
an independent olefin isomerization pathway catalyzed by acidic atomic hydrogen on the
catalyst surface. This isomerization occurs in parallel to the hydrogenation process, where a
two-layer complex forms on the catalyst surface. The olefin is bound to the catalyst, and
molecular hydrogen forms a second layer, bound to the olefin. The rate-determining step in this
hydrogenation mechanism is the conversion of this complex into the final product. We believe
that this two-layer adsorption theory provides a more accurate explanation of the experimental
observations compared to the Horiuti-Polanyi mechanism.

Keywords: Hydrogenation catalyst acidity, Horiuti-Polanyi mechanism, hydrogenation, two-
layer hydrogenation, olefin isomerization.
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ATMOSPHERIC OXIDATION OF CARBONYL COMPOUNDS: MECHANISTIC
INSIGHT, KINETICS, AND THERMODYNAMIC PARAMETERS

Olumayede Emmanuel Gbenga, Dr. Adeniyi Azeez Adebayo

Department of Environmental Chemistry, University of Lagos, Nigeria

Abstract:

Carbonyl compounds are primary products resulting from the tropospheric degradation of
volatile organic compounds (VOCs). This computational study investigates the atmospheric
removal mechanism of carbonyl compounds via reaction with hydroxyl radicals. Kinetic
parameters were calculated from the activation energy, incorporating enthalpy (AH**) and
Gibbs free energy (AG**). The minimum energy path (MEP) analysis indicates that in all cases,
the products exhibit more stable energy than the reactants, suggesting that the forward reaction
is thermodynamically favorable. The hydrogen abstraction mechanism for aromatic aldehydes,
particularly those without methyl groups, is more kinetically favorable when compared to other
aldehydes, in the order: aromatic aldehydes (without methyl or with meta-methyl substitution)
> short-chain alkenes > dienes > long-chain aldehydes. The activation energy for the forward
reaction is significantly lower than that for the reverse, indicating greater kinetic stability for
the forward reactions. In terms of thermodynamic stability, aromatic compounds are less
favorable than their aliphatic counterparts. The study concludes that the chemistry of the
carbonyl bond undergoes significant transformation from reactants to products.

Keywords: Atmospheric carbonyls, oxidation, mechanism, Kinetics, thermodynamics.
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BIOLEACHING FOR EFFICIENT COPPER ORE RECOVERY

Zhannat Karaulova, Assis. Prof. Dr. Dauren Baizhigitov
Kazakh National Technical University, Almaty, Kazakhstan

Abstract:

At the Aktogay deposit, the oxidized ore section has been in operation since 2015. Over time,
reserves of easily enriched ores have diminished, leaving behind a significant amount of copper-
poor, difficult-to-process ores in the waste dumps of the KAZ Minerals Aktogay deposit. These
ores are unprofitable to mine using conventional extraction methods. Therefore, the
implementation of alternative technologies is crucial to extend the raw material base for copper
production in Kazakhstan and improve the efficient utilization of natural resources. Heap and
dump bacterial recovery methods are among the most viable options for processing low-grade
secondary copper sulfide ores. The study utilized copper ores from the Aktogay deposit and
tested chemolithotrophic  bacteria including Leptospirillum  ferrooxidans (L.f.),
Acidithiobacillus caldus (A.c.), and Sulfobacillus acidophilus (S.a.), which were used in mixed
cultures for bacterial oxidation systems. These bacteria demonstrate activity within the
temperature range of 20-40 °C. Biocatalytic acceleration was achieved by bacteria oxidizing
iron sulfides, resulting in iron sulfate formation, which was then chemically oxidized to produce
sulfate oxide. During the initial stage, the goal was to cultivate and sustain bacterial life under
laboratory conditions. Optimal bacterial growth occurred within a pH range of 1.2-1.8 with
light stirring and aeration. The ideal temperature for growth was 30-33 °C. For every 4-5 °C
drop in temperature from 30 °C, the growth rate was halved. At best, bacteria doubled every 24
hours, and the maximum concentration in ferrous solution reached about 1077 cells/ml. The
next phase involved adapting microorganisms to specific metal environments, followed by
mass production of inoculum for large-scale cultivation. This was achieved by adding sulfide
concentrate, allowing bacteria to convert ferrous sulfate as indicated by an Eh (> 600 mV), then
diluting the solution to double the volume and adding concentrate to maintain the metal levels.
This process was repeated until the desired concentrations were reached. The final stage of
bacterial recovery involved the transportation and irrigation of secondary sulfide copper ores
from the oxidized ore section. In conclusion, the bioleaching process was successfully
implemented at the Aktogay mine, and the bacterial recovery method shows great potential for
competing with traditional non-biological metal extraction methods.

Keywords: Bacterial recovery, copper ore, bioleaching, bacterial inoculum.
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SUPERCRITICAL METHANOL FOR BIODIESEL PRODUCTION FROM
JATROPHA OIL IN THE PRESENCE OF HETEROGENEOUS CATALYSTS

Dr. Ahmed Hassan, Dr. Fatma Ibrahim
Department of Chemical Engineering, Cairo University, Egypt

Abstract:

In this study, lanthanum and zinc oxide catalysts were synthesized and subsequently
impregnated onto y-Al203 at a 6 wt% loading using the wet impregnation method. The
catalysts were then calcined at 900 °C to maintain a stable structure with enhanced catalytic
activity. The catalysts were characterized using X-ray diffraction (XRD) and Fourier-transform
infrared spectroscopy (FTIR). The influence of these catalysts on biodiesel production from
Jatropha oil was evaluated under supercritical methanol conditions. The experimental results
demonstrated that the ZnO/y-Al203 catalyst exhibited the highest biodiesel yield of 98.05%
under the optimal reaction conditions of 7 minutes reaction time, a 1:40 molar ratio of oil to
methanol, 6 wt% catalyst loading, 90 bar reaction pressure, and 300 °C reaction temperature.
In comparison, La203/y-Al203 resulted in a biodiesel yield of 95.50% under the same
parameters. ZnO/y-Al203 emerged as the most effective catalyst for this process due to its
superior performance and cost-efficiency.

Keywords: Biodiesel, heterogeneous catalyst, Jatropha oil, supercritical methanol,
transesterification.
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PHOTOCATALYTIC DEGRADATION OF HYDROCARBON POLLUTANTS IN
PRODUCED WATER USING AG-DOPED T102 NANOPARTICLES

Hamed Bazrafshan, Assoc. Prof. Dr. Saeideh Dabirnia,

Department of Environmental Engineering, University of Tehran, Iran

Abstract:

This study explores the photocatalytic degradation of hydrocarbons in produced water from an
oil field using silver-doped titanium dioxide (Ag-TiO2) nanoparticles. The process was
conducted in a cylindrical glass reactor under UV light, where TiO2 and Ag-TiO2 were used in
slurry form. The effectiveness of photocatalysis was evaluated by measuring the Chemical
Oxygen Demand (COD) reduction, qualitative analysis, and gas chromatography-mass
spectrometry (GC-MS) tests. Response surface methodology was employed to optimize the
parameters for the photocatalytic degradation of hydrocarbon pollutants. The experiment
determined that the optimal conditions for the degradation process were a catalyst concentration
of 1.14 g/l and a pH of 2.67, resulting in a 72.65% removal of COD.

Keywords: Photocatalyst, Ag-doped TiO2, nanoparticles, produced water, hydrocarbon
degradation.
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TECHNO-ECONOMIC ANALYSIS OF DIMETHYL ETHER (DME) AS A VIABLE
ALTERNATIVE TO LIQUEFIED PETROLEUM GAS (LPG)

Wahyu Pamungkas, Riska Setyawati, Dr. Ahmad Rifai,
Department  of Chemical Engineering, University of Indonesia, Jakarta, Indonesia

Abstract:

The rising consumption of Liquefied Petroleum Gas (LPG) in Indonesia has led to a growing
demand-supply gap. The surge in LPG consumption, driven by the government's kerosene-to-
LPG conversion program and the impact of the COVID-19 pandemic in 2020, particularly
within the household sector, has caused significant trade balance deficits for Indonesia. This
has prompted the search for alternative fuels to replace LPG. Dimethyl Ether (DME), a
chemical compound with the formula CH3OCH3, exhibits characteristics similar to LPG,

including a high cetane number. It can be produced from various feedstocks, such as coal,
biomass, and natural gas.

Economic analyses conducted with a 10% Internal Rate of Return (IRR) reveal that coal is the
most profitable source for DME production, yielding a Net Present Value (NPV) of IDR
20,034,837,497,241 and a payback period of 3.86 years. Biomass follows with an NPV of IDR
10,401,526,072,850 and a payback period of 5.16 years. Natural gas ranks third with an NPV
of IDR 7,401,272,559,191 and a payback period of 6.17 years. When the sensitivity analysis
assumes DME is sold at the same price as LPG, the NPV increases significantly. Despite coal's
economic advantages, including low costs and abundant availability, its high greenhouse gas
emissions remain a major environmental concern.

Keywords: LPG, DME, coal, biomass, natural gas
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