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Ilgi  :Harran Universitesinin (Pazarlama ve Reklamcilik Boliim Baskanlig1) 27 Nisan 2026 tarihli ve
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Kep Adresi:harranuniversitesi@hs01.kep.tr



ORGANIZING COMMITTEE MEMBERS

Prof. Dr. Hasan CIFTCI
Harran University, Tlrkiye

Dr. Basim Mohammad Ali Aldahadha
Mutah University, Jordan

Dr. Anis BEN ALI
University of Tunis, Tunisia

Dr. Mariam Sheddahi OLSSON
Lebanese University, Lebanon

Assoc. Prof. Dr. Hiiseyin ERIS
Harran University, Tiirkiye

Assoc. Prof. Dr. Veysel DELEN
Harran University, Tlrkiye




SCIENTIFIC ADVISORY COMMITTEE

Dr. Ahmad Sharif FAKHEER
Beirut University, Lebanon

Dr. Francesco Fatone
University of Verona, Italy

Dr. Zhihuan MENCHUANG
Renmin University of China, China

Dr. Anis BEN ALI
University of Tunis, Tunisia

Dr. Orhun Burak SOZEN
Gaziantep University, Tiirkiye

Dr. Guray ALPAR
Turkish Armed Forces, Tiirkiye

Dr. Didem ATIS
Sakarya University, Tirkiye

Dr. Fethi DEMIR
Van Yiiziincii Y1l University, Tiirkiye

Dr. Maha Hamdan ALANAZI
King Abdullah University, Riyadh, Saudi Arabia




Dr. DIPANWITA PAL
The University of Burdwan, India

Dr. Tamalika SULTANA
University of Dhaka, Bangladesh

Dr. Ludmila MEDVEDEVNA
Russian Academy of Sciences, Russia

Dr. Kaan DIYARBAKIRLIOGLU
Yalova University, Tlirkiye

Dr. Cholpon TOKTOSUNOVA
Kyrgyz Economic University, Kyrgyzstan

MUHAMMAD SHOAIB KHAN PATHAN
Shah Abdul Latif University, Khairpur, Pakistan

Dr. Osman SIRKECI
Giresun University, Tlirkiye

Dr. Kamuran Elbeyoglu
Mersin University, Turkiye

Dr. Emine GUNERI
Erciyes University, Tiurkiye

Dr. Osman ALTAY
Beykent University, Tirkiye




Dr. Bhakta Bandhu Dash
ASBM University, India

Dr. Celal ASLAN
Van Yiiziincii Y1l University, Tirkiye

Dr. Dogan KUTUKIZ
Mugla Sitk1 Kogman University, Tiirkiye

Dr. Ash Saylan KIRMIZIGUL
Erciyes University, Tiirkiye

Dr. Faruk TURK
Karamanoglu Mehmetbey University, Tiirkiye

Dr. Hakan EYGU
Atatiirk University, Tiirkiye

Dr. Faruk DUNDAR
University of Glasgow, United Kingdom

Dr. Rui Alberto da Silva Martins Isidoro
Polytechnic Institute of Beja, Portugal




PHOTO GALLERY




PHOTO GALLERY

F

Galaxy Note20 Ultraﬁ;'




PHOTO GALLERY




PHOTO GALLERY




PHOTO GALLERY

HARRAN UNIVERSITESI
SOSYAL GIRISIMCILIK MERKEZI

() KaRacADAG  (F] e wompe




PHOTO GALLERY

Yuacrrukn (3)

prammsatop, ) ©

Hall 5-Hemalatha N P

- turkey conforence - PowerPoint

...... Design  Tansitions  Animations  SlideShow  Record  Review  View  Help Q) Tell me what you want to do FELE SO G AR R

5 Find
*% Replace

Shapes Amange Add-ins

Introduction

> Water pollution is a critical global environmental challenge posing serious risks to human

health and aquatic ecosystems.

> Severe i and Health : Heavy metals such as lead and cadmium

are non- biodegradable and bicaccumulate in living tissues, causing irreversible kidney

damage, disord and inog . [

> Ecosystem Persistence: Heavy metals released into aquatic systems persist indefinitely,

entering food chains and threatening aquatic life as well as human populations

v

Strict v agencies prescribe ultra-low limits
<0.01mg/L for Pb and <0.003 mg/L for Cd, demanding highly effective water remediation

techniques.

Click to add notes
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EL RUHA

INTERNATIONAL CONFERENCE H ROMANIA
e | DECEMBRIE 1918

UNIVERSITY OF ALBA IULIA

STUDENT SATISFACTION

WITH THE CHOSEN FIELD OF STUDY -y
Decision-making autonomy, academic self-esteem

and teaching quality at “1 Decembrie 1918” University Observer hall 3
of Alba lulia

% Observer hall 3

Bogdan N. Mucea | Ph.D, Lecturer
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Objectives, research questions and hypotheses

m measuring satisfaction to testing an explanatory mode

General objective RQ1 RQ2

Measure UAB students’ satisfaction with Which factors are associated with satisfaction, and Does satisfaction vary systematically by year of
which retain unique explanatory power in the joint

their chosen specialisation and analyse model? study?
its relationship with internal and

Bogdan MUCEA
contextual factors.

Key hypotheses

Satisfaction is positively associated with the intention to work in the field. Observer hall 3
B Autonomy increases satisfaction; pressure would reduce it.

Self-esteem, employability and teaching quality increase satisfaction. ¥ bserverhall 3

B Contextual factors add explanatory power beyond internal factors.

Satisfaction mediates the effect of teaching quality on career intention. Isirabahenda Go...

% Isirabahenda Gonzague-Hall 3
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EL RUHA 15th INTERNATIONAL CONFERENCE ON
SCIENTIFIC RESEARCH

Sesi Agmayi Iste:
18-19 August 2026, Sanlurfa (Turkiye)

BEYOND EMPLOYMENT OPPORTUNITIES:
OUTSOURCING, GRADUATE PRECARITY,
AND WORK-FAMILY BALANCE IN THE Observer hall 3
DIGITAL ECONOMY

Gonzague ISIRABAHENDA, PhD

Bogdan MUCEA

% Observer hall 3

Faculty of Law and Social Sciences

l ' UNIVERSITATEA.
@ 1 DECEMBRIE 1918
‘ ' DIN ALBA IULIA:
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# 3. METHODOLOGY

EXPERIMENTAL FRAMEWORK FOR MICROALGAL BIOELECTRICITY EVALUATION

ALGAE CULTURING () BIOELECTRICITY MEASUREMENT
Three species were cultured using BG11 medium:

o
= [ Each half-cell was connected to a Battery Testing System (BTS). |

2 ::':’,'f“d’“”‘ b Voltage was monitored continuously for 24 hours.

. alinema sp.

« Chiorella vulgaris Data were recorded using BTSDA software ———] bserver hall 4

(Logan & Rabaey, 2012; Pandit et al., 2014).

Cultures were maintained for 4 weeks before harvesting.
% Observer hall 4

B} BIOELECTRIC CELL PREPARATION €3 VOLTAGE CALCULATION
After 4 weeks, algae cultures were centrifuged and Net Voltage = Algal Culture Voltage ~ BG11 Control Voltage
used as the positive electrolyte. Discharge profiles were generated for:

Fresh BG11 medium was used as the negative control. « 3 sigaespacis Hall 4- NehaK M

Electrodes tested: + 2electrode materials
* Zinc(Zn) Y
+ Nickel (Ni)

Hall 4- NehaK M
The results were used to compare bioelectricity
performance between species and electrodes.

@ Bioelectric cells were prepared as half-cell systems.

EXPERIMENTAL FLOW Hall 4 Shilpashr...

% Hall 4 Shilpashree K J

Algae Culture Centrifugation Bioelectric Zn/Ni 24h BTS Voltage & Discharge
(4 weeks) Half-Cell Electrodes Measurement Profile Analysis

‘Iﬂ This enables. ic evaluation of mi i icity under controlled laboratory conditions.
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Participants React Breakout rooms Share Host tools Record

I UNIVERSITY OF SCIENCE AND TECHNOLOGY HOUARI BOUMEDIENE (USTHB)
I ]
EL RUHA . USTHB

* PSO-Tuned Fractional-Order PID Control for y:
Robust Tip Position Tracking of a
Single-Link Flexible Manipulator Hall 4 - Mubar..

—— - ¥ Hall 4 - Muhammad Hanafi
Maria BENMAMMAR' - Samir LADACI? - Moufid MANSOUR'

Laboratory of Robotics, Parallelism and Embedded Systems (LRPE), Department of Automatic Control, Hall 4- Neha K M
Faculty of Electrical Engineering, University of Science and Technology Houari Boumediene (USTHB),
Algiers, Algeria

% Hall 4- Neha K M

~

Department of Automatic Control Engineering, Ecole Nationale Polytechnique,
El Harrach, Algiers, Algeria

EL RUHA 15th International Conference on Scientific Research
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FI-IR Spectroscopic analysis of resin
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% Observer hall 4

3401.05cm-1 Z161.12cm-4

Hall 4 - Muhammad Hanafi

Hall 4- Neha K M

% Hall 4- Neha K M
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FT-IR spectra of Dow:
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Nanostructured Aerogels
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Observer Hall-1

Observer Hall-1
O comes from gelatin Liuib AIR
Q a solid material

Q does not flow

Q mostly LIQUID — > AEROGEL

Q three dimensional Supercritical
& = Drying
Q cross-linked polymer inside

Hall-1, Mehmet...
Hall-1, Mehmet Siddik YEGUL

v

Free trial

August 19, 2026

Toplant: @1 Hall-1 emsalnur agikgoz adl kigir ¢-) » Girig yapin

PSR e ——————— 00 |

Dosya

[0

Yapigor B | e Copilot ile
v ¢

stat3/24

A

Giig Ede Ciz Tasanm Gegisler Animasyonlar Slayt Gésterisi Kaydet Gozden Gegir GSrinm Yardim Acrobat
0 Dazen v = = i3 Rl Bulve e
=l EiE-===- = |t 0%
3 sifrta - ¥ h Y Yaz Tiplerini Degigtic P0F
Stayt~ Yeni Stayt {5 Bolam ~ : IREE=C i = E == B - v Stllerv Qv I Sec~ olugturma
Duzerieme Adobe Ao,

Observer Hall-1

Mikrobiyota Observer Hall-1

* Gastrointestinal mikroorganizmalar sahip olduklar1 gesitli biyotransformasyo:
enzimleri sayesinde, 6zellikle memelilerin tek bagina pargalayamadig: diyet lifi vd
direngli nisasta gibi kompleks polisakkaritleri fermente eder.

* Bu fermantasyon sonucunda 1-6 karbonlu alifatik karboksilik asitler olan kisz
zincirli yag asitleri (Short-chain fatty acid-SCFA) iiretilir.

Hall-1 emsalnur agikgoz
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Eklemeli imalat ve Birlestirme ihtiyaci

istediginizi syleyin

Psul
&, Degistir -
Seg

Eklemeli imalat (AM), karmagik geometrileri hizl ve diisiik malzeme kaybiyla iretir;

ve

Baski hacmi sinir
Bilyiik parcalar tek seferde iiret

Karmagik montaj
Gok pargali yapilarin birlestirilmesi

Onarim ihtiyaci
Hasarli bilesenlerin yerinde tamir

sanayilerinde yayginlasmistir.

Coziim: Yapistiricl ile
v Hafif yapilar olusturur

v Gerilmeyi genis alana yayar
V Farkli malzemeleri birlestirir

v Yizey buttnligini korur

NUMERICAL SETUP AND SOLV—

SU2 RANS Configuration — Comparison with AGARD Case

RAE 2822 — AGARD Case 9 (M, =0.730,Re = 6.5 x 10°|

Girig yapir

Hall 2 mehmet sah Gilltekin

Ap——

LS N
Hall 2"~ Yunus CELIK

FLOW CONDITIONS AND SOLVER
® Moo =0.730, Re =6.5x10°, a=3.19° &
®  Turbulence: k-w SST closure
] Roe flux-difference splitting, 3rd-order MUSCL =03
®  Implicit Euler, CFL = 10 - 0.1 (adaptive) 5
0.0
®  O-type mesh, far-field boundary at 100c
®  Convergence: 3-order drop in density residual a5
10
Mesh independence: 0.0

Fine mesh vs. extra-fine: AC_L < 0.001%, AC_D < 0.083%
— selected as the production mesh.

Figure 3 - Surface pressure coefficient (C_p) on the RAE 2822 baseline: SU2 RANS vs. experimental data (Cook et al.,
1977). The upper-surface shock is well captured at x/c = 0.531
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L_ Hall-2, Halime Nisa Semiz

Dini sembollii:
Kat. No. 11, 12

Fiber Takviyeli Kompozit Tiirleri

Karbon Fiber Cam Fiber Dogal Fiber Siirekl|

PLA - ABS - PETG - PA ABS - PETG - PA PLA - biyobazh Termoplag

Yiiksek rijitli

havacilik,

Hall-2, Halime Nisa Semiz

Ayrica Aramid fiber: yiiksek darbe dayanimi ve disiik agirlik — savunma ve 6zel mithendislik uygulamalari
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CONGRESS PROGRAM

Zoom Meeting ID: 897 0755 8402
Zoom Passcode: 123456

https://us02web.zoom.us/j/89707558402?pwd=qTLqmgNIKbOzmkudxgzlal 1qdBHGy2.1

Participant Countries (12):

Tiirkiye, Romania, Albania, Morocco, Pakistan, Malaysia, Nigeria, Algeria, India, Uzbekistan,
Indonesia, Kosovo
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ONEMLI, DIKKATLE OKUYUNUZ LUTFEN
IMPORTANT, PLEASE READ CAREFULLY

Onemli, Dikkatle Okuyunuz Liitfen

v

ASANANLNE NN

Kongremizde Yazim Kurallarina uygun gonderilmis ve bilim kurulundan gecen bildiriler igin online (video
konterans sistemi lizerinden) sunum imkani saglanmistir.

Online sunum yapabilmek i¢in https://zoom.us/join sitesi iizerinden girig yaparak “Meeting ID or Personal
Link Name” yerine ID numarasini girerek oturuma katilabilirsiniz.

Zoom uygulamasi iicretsizdir ve hesap olusturmaya gerek yoktur.

Zoom uygulamas1 kaydolmadan kullanilabilir.

Uygulama tablet, telefon ve PC’lerde ¢aligiyor.

Her oturumdaki sunucular, sunum saatinden 15 dk 6ncesinde oturuma baglanmis olmalar1 gerekmektedir.
Tiim kongre katilimcilar: canli baglanarak tiim oturumlar dinleyebilir.

Moderator — oturumdaki sunum ve bilimsel tartisma (soru-cevap) kismindan sorumludur.

Dikkat Edilmesi Gerekenler- TEKNIK BILGILER

AN NENEN

Bilgisayarimizda mikrofon olduguna ve ¢alistigina emin olun.

Zoom'da ekran paylagsma 6zelligine kullanabilmelisiniz.

Kabul edilen bildiri sahiplerinin mail adreslerine Zoom uygulamasinda olusturdugumuz oturuma ait ID numarasi
gonderilecektir.

Katilim belgeleri kongre sonunda tarafiniza pdf olarak gonderilecektir

Kongre programinda yer ve saat degisikligi gibi talepler dikkate alimmayacaktir

IMPORTANT, PLEASE READ CAREFULLY

ANANENENE NN

To be able to attend a meeting online, login via https://zoom.us/join site, enter ID “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.

The participant must be connected to the session 15 minutes before the presentation time.

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

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

Points to Take into Consideration - TECHNICAL INFORMATION

v
v
v
v

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.

Requests such as change of place and time will not be taken into consideration in the congress program.

Before you login to Zoom please indicate your name_ surname and HALL number,

exp. Hall-1, Merve KIDIRYUZ
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18.08.2026 / IN-PERSON SESSION
Ankara Local Time: 11:00 — 12:00

Harran Universitesi Osmanbey Kampiisii Sosyal Girisimcilik Uygulama ve Arastirma
Merkezi (Kiitiiphane icerisi) |
HEAD OF SESSION: Dr. Aziz ILGAZI

HEAVY-DUTY VEHICLES . Selguk University, Turkiye
MIRRORCAM® SYSTEM DESIGN Vegse' ?%ra”' E;I'zg”ﬁ“z Aksaray University, Tiirkiye
AND DEVELOPMENT: OPERATING 'lsl:lzler QXEL AM KTO Karatay University,
PRINCIPLE, TECHNICAL FEATURES, Rifat AKGUL Turkiye
SAFETY ADVANTAGES, AND Ahmet AVCI Mercedes Benz Tiirk A.S,
IMPACTS ON FUEL EFFICIENCY Turkiye
e vz | Sk Db TS
FACTORS ASSOCIATED WITH Yusuf Tunq BIRER KTO Karatay Uni,versi ty
BRAKE SYSTEM FAILURES IN Sezer SAGLAM Tirkiye '
TRUCKS AND FIELD APPLICATIONS Rifat AKGUL ..
Ahmet AVCI Mercedes ]?en_z Tirk A.S,
Turkiye
EFFECT OF DEFICIT IRRIGATION
ON THE YIELD PARAMETERS OF M.Sc. Student Radwa Shawky Benha University
ROCKET (ERUCA SATIVA L) Mohamed Monir MAHMOUD Atatiirk University
GROWN IN GREENHOUSE Prof. Dr. Yasemin KUSLU
CONDITIONS
EFFECT OF ROOT GROWTH
PROMOTING BACTERIA ON M.Sc. Student Radwa Shawky Benha University
ROCKET PLANTS (ERUCA SATIVA Mohamed Monir MAHMOUD Atatiirk University
L.) GROWN UNDER GREENHOUSE Prof. Dr. Yasemin KUSLU
CONDITIONS

All participants must join the conference 10 minutes before the session time.

Every presentation should last not longer than 10-12 minutes.
Kindly keep your cameras on till the end of the session.
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19.08.2026 / Online Session, Hall-1

Ankara Local Time: 10:00 — 12:00

Meeting ID: 897 0755 8402 / Passcode: 123456
Moderator: Assist. Prof. Zeynep Ulker Demir

Author(s) Affiliation

Exp. Lect. Dr Merve EKINCI
Lect. Dr. Hasan YESILAGAC

DEVELOPMENT OF A SCALE TO L oct Dr.Oalom KARAGUN
MEASURE PRONE TO MEDICAL Lot Dr Vewt TASIN Baskent Universitv. Tiirki
ERRORS AMONG PARAMEDIC ect.Dr. Veyls TAS aykent Lniversity, turkiye
STUDENTS Res. Goksu AKBULUT
Res. Asli ASLAN

Lect. Ayse YAVUZ DERMAN
Lect.Dr. Ozlem KARAGUN

PAIN MANAGEMENT AND NURSING Exp. Lect.Dr Merve EKINCI Bagkent University, Tiirkiye
INTEGRATION BY PARAMEDICS IN Eda SAGEL Adana Provincial Health
PEDIATRIC PATIENTS Exp. Lect. Konca KAYA Directorate, Tlrkiye
Lect Caner INCEKAS

A RHETORICAL ANALYSIS OF THE
STYLE OF EMPHASIS (TAWKID) IN
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OZET

Sumak (Rhus coriaria L.), Anacardiaceae familyasina ait, Akdeniz Havzasi ile Bat1 Asya'da
dogal yayilis gosteren ve tarih boyunca hem gida hem de geleneksel tedavi amaciyla kullanilan
onemli tibbi ve aromatik bitkilerden biridir. Turkiye'nin o6zellikle Giineydogu Anadolu
Bolgesi'nde, basta Sanliurfa olmak iizere birgok ilde baharat, eksi tat verici ve geleneksel gida
takviyesi olarak yaygin sekilde tliketilmektedir. Meyvelerinin yiiksek diizeyde fenolik
bilesikler, flavonoidler, hidrolize olabilir tanenler, antosiyaninler ve organik asitler icermesi,
sumagin giiclii antioksidan kapasite gostermesinde onemli rol oynamaktadir. Son yillarda
gerceklestirilen fitokimyasal ve farmakolojik calismalar; sumagin antioksidan, antimikrobiyal,
antiinflamatuvar, antidiyabetik, hipolipidemik, hepatoprotektif ve antikanser potansiyeline
sahip oldugunu ortaya koymustur. Ayrica dogal koruyucu 06zelligi nedeniyle fonksiyonel
gidalar ve nutrasotik iriinlerin  gelistirilmesinde 6nemli bir hammadde olarak
degerlendirilmektedir. Sanliurfa mutfaginda sumak; ¢ig kofte, kebap ¢esitleri, salatalar, sogan
piyazi, dolma ve cesitli yoresel yemeklerde baharat olarak kullanilmasinin yaninda, sumak suyu
seklinde de geleneksel olarak tiiketilmektedir. Bu derleme ¢alismasinin amaci, Rhus
coriaria'nin botanik 6zellikleri, cografi yayilisi, etnobotanik 6nemi, fitokimyasal bilesimi ve
biyolojik aktivitelerine iliskin giincel bilimsel bilgileri biitiinciil bir yaklagimla degerlendirmek;
ayrica Sanlurfa'daki geleneksel kullanim bigimlerini fonksiyonel gida ve gida takviyesi
perspektifinden ele almaktir. Elde edilen bulgular, sumagin yalnizca kiiltiirel ve ekonomik
acidan degil, ayn1 zamanda halk sagligi, siirdiiriilebilir beslenme ve dogal iirlin gelistirme
calismalar1 agisindan da 6nemli bir potansiyele sahip oldugunu gostermektedir.

Anahtar Kelimeler: Rhus coriaria, Sumak, Sanliurfa, Etnobotanik, Fitokimya, Fonksiyonel
Gida

ABSTRACT

Introduction and Purpose Sumac (Rhus coriaria L.) is a medicinal and aromatic plant
belonging to the Anacardiaceae family and naturally distributed in the Mediterranean Basin and
Western Asia. It has been traditionally used as a spice, food ingredient, natural preservative,
and medicinal plant for centuries. This study aims to evaluate the ethnobotanical importance,
phytochemical composition, biological activities, and functional food potential of sumac
consumed in Sanlrfa, Tiirkiye.
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Materials and Methods Scientific studies related to the botanical characteristics, traditional
uses, phytochemical components, and biological activities of Rhus coriaria were reviewed. The
traditional consumption practices of sumac in Sanliurfa cuisine were also evaluated.

Results Sumac fruits are rich in phenolic compounds, flavonoids, tannins, anthocyanins, and
organic acids. These compounds contribute to its antioxidant, antimicrobial, anti-inflammatory,
antidiabetic, and hepatoprotective activities. In Sanliurfa, sumac is widely used as a spice in
traditional foods such as ¢ig kofte, kebabs, salads, and various regional dishes, and is also
consumed as sumac extract.

Discussion and Conclusion

The available scientific evidence demonstrates that Rhus coriaria is a valuable natural source
of bioactive compounds. Due to its nutritional, cultural, and biological properties, sumac has
significant potential in functional foods, dietary supplements, and natural product development.
Sustainable use and further scientific studies are important for evaluating its health benefits.

Keywords: Rhus coriaria, Sumac, Sanliurfa, Ethnobotany, Phytochemistry, Functional Food

GIRIS

Bitkiler, insanlik tarihi boyunca beslenme, saglik, kiiltiir ve ekonomik faaliyetlerin temel dogal
kaynaklarindan biri olmustur. Ozellikle tibbi ve aromatik bitkiler, geleneksel bilgi sistemleri ile
modern biyoteknolojik ve farmasoétik aragtirmalar arasinda dnemli bir baglant1 olusturmaktadir.
Diinya genelinde kullanilan ilaglarin 6nemli bir boliimiiniin dogrudan veya dolayli olarak
bitkisel kokenli bilesiklerden gelistirilmis olmasi, bitki kaynakli biyolojik aktif maddelerin
onemini artirmaktadir (Fabricant ve Farnsworth, 2001; Newman ve Cragg, 2020).

Glinlimiizde kronik hastaliklarin artisi, sentetik katki maddelerine yonelik tiiketici endiseleri ve
dogal antioksidan kaynaklarina olan talep, fenolik bilesikler bakimindan zengin bitkilere
yonelik arastirmalart hizlandirmistir (Shahidi ve Ambigaipalan, 2015). Bu kapsamda sumak
(Rhus coriaria L.), yiliksek fenolik igerigi ve ¢ok yonlii kullanim 6zellikleri nedeniyle 6nemli
bir tibbi ve aromatik bitki olarak degerlendirilmektedir. Rhus coriaria, Anacardiaceae familyasi
icerisinde yer alan ¢ok yillik odunsu bir tiirdiir. Dogal yayilisi Gliney Avrupa, Anadolu, Dogu
Akdeniz, Kafkasya, iran ve Mezopotamya bdlgelerini kapsamaktadir (Davis, 1967; Zohary,
1972). Tirkiye, tiiriin dogal genetik cesitliligi ve geleneksel kullanim yogunlugu bakimindan
onemli merkezlerden biridir. Sumak meyveleri karakteristik eksi tadini yiiksek miktardaki
organik asitlerden ve fenolik bilesiklerden almaktadir. Yapilan fitokimyasal analizlerde gallik
asit, ellagik asit, kuersetin, mirisetin, kaempferol tlrevleri, tanenler ve antosiyaninler gibi
biyolojik agidan 6nemli bilesikler tanimlanmistir (Bozan ve ark.2003; Kosar ve ark.2007; Abu-
Reidah ve ark., 2014). Bu bilesiklerin serbest radikal olusumunu sinirlandirdigi, oksidatif stres
mekanizmalarini diizenledigi ve cesitli biyolojik aktivitelerde rol oynadigi bildirilmektedir.
Deneysel calismalar, sumak ekstraktlarinin antioksidan, antimikrobiyal, antiinflamatuvar,
antidiyabetik, hipolipidemik ve hepatoprotektif etkiler gosterebildigini ortaya koymustur
(Rayne ve Mazza, 2007; Kossah ve ark. 2010). Sanlurfa ili, tarih boyunca farkli medeniyetlerin
etkisinde kalmis gii¢lii bir gastronomik ve kiiltiirel mirasa sahiptir. Bu bolgede sumak yalnizca
bir baharat olarak degil, ayn1 zamanda geleneksel beslenme ve saglik uygulamalarinin bir
parcasi olarak kullanilmaktadir. Yerel halk tarafindan hazirlanan sumak suyu, 6zellikle sindirim
sistemi sagligin1 desteklemek amaciyla geleneksel olarak tiiketilmektedir.

Bu ¢alismanin amaci; Sanlurfa’da 6nemli bir baharat ve geleneksel gida takviyesi olarak
kullanilan Rhus coriaria’nin botanik o6zelliklerini, etnobotanik kullanimini, fitokimyasal
yapisini ve biyolojik etkilerini bilimsel literatiir 15181nda degerlendirmektir.
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MATERYAL VE METOT

Bu arastirmada kullanilan veriler, Sanliurfa ili merkezi ve yakin ¢evresinde gerceklestirilen
arazi caligsmalar1 kapsaminda elde edilmistir. Veriler; bolge halki ile yapilan yliz yiize
goriismeler, aktarlar ve semt pazarlarinda sumak (Rhus coriaria L.) bitkisini satan, kullanan ve
tiikketen kisilerle gerceklestirilen anket ¢alismalar1 yoluyla toplanmistir. Arastirma siirecinde
aktarlardan temin edilen bitki 6rnekleri ile dogal habitatlarindan toplanan bitki materyalleri
teshis edilmis, teshis islemleri Flora of Turkey and the East Aegean Islands esas alinarak
gerceklestirilmistir (Davis, P. H., 1967. Flora of Turkey and the East Aegean Islands. Vol. 2.
Edinburgh: Edinburgh University Press). Teshisi dogrulanan orneklerin biiylik bir kismi
numaralandirilmis ve dogal yasam alanlarinda fotograflanarak kayit altina alinmistir. Sumak
bitkisinin bilimsel ad1 ile birlikte yoresel ad1 da belirlenmis; halk arasindaki kullanim sekilleri,
kullanim amaglar1 ve yanlis ya da bilingsiz kullanim sonucu ortaya ¢ikabilecek olasi yan etkiler
degerlendirilmistir. Elde edilen tiim etnobotanik veriler sistematik olarak diizenlenmis ve
Sanliurfa Etnobotanik Veri Tabani'na kaydedilmistir. Arastirmada sumak iizerine yapilmis
taksonomik, botanik, ekolojik, etnobotanik, fitokimyasal ve farmakolojik ¢aligmalar
degerlendirilmistir. Literatiir taramasi; uluslararas1 bilimsel veri tabanlar1 (Web of Science,
Scopus, PubMed, Google Scholar), bitki sistematigi veri kaynaklar1 ve ilgili akademik kitaplar
kullanilarak gergeklestirilmistir. Calismada Rhus coriaria, “sumac”, “medicinal plant”,
“ethnobotany”, “phenolic compounds”, “antioxidant activity”, “functional food”, “Sanliurfa”,
“Turkey” anahtar kelimeleri kullanilarak literatiir arastirmasi yapilmistir.Derleme kapsaminda
incelenen ¢alismalar asagidaki temel bagliklar altinda degerlendirilmistir: Tiirlin taksonomik
konumu ve sistematik 6zellikleri, Morfolojik ve anatomik Ozellikleri, Cografi yayilis1 ve
ekolojik adaptasyonlari,Geleneksel kullanim alanlari, Tiirkiye ve 6zellikle Giineydogu Anadolu
Bolgesi’ndeki etnobotanik kullanimi, Meyve ve diger bitki kisimlarinin kimyasal bilesimi,
Antioksidan, antimikrobiyal, antiinflamatuvar ve metabolik etkileri, Fonksiyonel gida ve dogal
katki maddesi olarak kullanim potansiyeli. Taksonomik ve botanik degerlendirmelerde (Davis
1967; Zohary 1972; Mabberley 2017;, Pell ve ark.2011) gibi temel floristik ve sistematik
kaynaklardan = yararlanilmistir.  Fitokimyasal icerik ve  biyolojik  aktivitelerin
degerlendirilmesinde ise (Rayne ve Mazza 2007; Kosar ve ark. 2007; Bozan ve ark. 2003),
Abu-Reidah ve ark. 2014; Kossah ve ark. 2010. tarafindan gergeklestirilen ¢alismalar temel
alinmistir. Etnobotanik degerlendirmelerde ise Anadolu ve Yakin Dogu toplumlarinda bitki
kullanim bilgilerini inceleyen (Baytop 2001; Lev ve Amar 2000; Pieroni ve ark. 2006) gibi
kaynaklardan yararlanilmigtir. Bu ¢alisma kapsaminda deneysel bir uygulama yapilmamais olup,
mevcut bilimsel verilerin biitlinciil bi¢imde degerlendirilmesi yoluyla sumagin geleneksel
kullanim ile modern biyolojik arastirmalar arasindaki iliskisi ortaya konulmustur.

BULGULAR
Sumak Bitkisinin Botanik ve Ekolojik Ozellikleri

Literatiir degerlendirmeleri sonucunda Rhus coriaria L. nin kurak ve yar1 kurak ekosistemlere
yiliksek uyum saglayabilen, ekolojik toleransi genis bir odunsu tiir oldugu belirlenmistir. Tiir,
genellikle 1-5 m boylanabilen ¢ok gdovdeli ¢ali formunda gelismekte olup Akdeniz iklimi
etkisindeki bolgelerde yaygin olarak bulunmaktadir (Davis, 1967; Townsend & Guest, 1980)
Bitkinin tamami Sekil 1 de verilmistir.Sumak; gii¢lii kok sistemi, su kaybini azaltan yaprak
anatomisi ve yiiksek stres toleransi sayesinde taslik, kurak ve diisiik verimli alanlarda
gelisebilmektedir. Kalin kutikula tabakasi, gelismis epidermal yap1 ve yaprak morfolojisi,
bitkinin kuraklik kosullarina adaptasyonunda 6nemli rol oynamaktadir (Fahn, 1990). Tiiriin
Tiirkiye’deki yayilist Ozellikle Giineydogu Anadolu, Dogu Anadolu, Akdeniz ve Ege
bolgelerinde yogunlagsmaktadir. Sanliurfa ¢evresinde dogal populasyonlarin yar1 kurak
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yamagclarda, taslik alanlarda ve antropojenik olarak bozulmus habitatlarda bulundugu
bilinmektedir (Davis, 1967; Glner et al., 2012).

Sekil 1. Sumak bitkisi

Sanhurfa’da Etnobotanik Kullanim

Etnobotanik veriler, sumagin Anadolu ve Mezopotamya kiiltiirlerinde ¢ok amagli kullanilan
bitkilerden biri oldugunu gostermektedir. Sanlurfa yodresinde sumak oOzellikle meyveleri
nedeniyle ekonomik ve kiltlirel 6neme sahiptir.

Yerel kullanim bigimleri arasinda: Baharat olarak tiikketim, Sumak suyu hazirlanmasi,
Geleneksel yemeklerde eksi tat verici olarak kullanilmasi, Gida muhafazasinda dogal katki
maddesi olarak degerlendirilmesi bulunmaktadir.Sanliurfa mutfaginda sumak; ¢ig kofte, kebap
cesitleri, salatalar, dolmalar, sogan piyaz1 ve cesitli yoresel yemeklerde yaygin olarak
kullanilmaktadir. Bu kullanim yalnizca lezzet verme amac1 tasimamakta, ayni zamanda bitkinin
sindirim sistemi Uzerindeki geleneksel destekleyici etkileri nedeniyle kultirel olarak
korunmaktadir. Sekil 2 verilmistir. Anadolu halk hekimligi uygulamalarinda sumak; ishal, mide
rahatsizliklar1, agiz enfeksiyonlari, bogaz problemleri ve yara bakiminda kullanilmistir
(Baytop, 2001). Bununla birlikte geleneksel kullanimlarin klinik etkinlik olarak
degerlendirilmemesi gerektigi ve kontrollii bilimsel calismalarla desteklenmesi gerektigi
belirtilmektedir.
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Sekil 2. Sumak meyvesinin Sanhurfada kullanisi

Fitokimyasal Bilesim Bulgular1

Literatiir verileri, sumak meyvelerinin yliksek diizeyde biyolojik aktif bilesik igerdigini
gostermektedir. Baslica bilesenler: Gallik asit, Ellagik asit, Kuersetin, Mirisetin, Kaempferol
tirevleri, Hidrolize olabilir tanenler, Antosiyaninler, Organik asitlerdir (Bozan ve ark. 2003),
sumagin yiiksek fenolik iceriginin antioksidan kapasitesinin temel belirleyicilerinden biri
oldugunu bildirmistir. Kosar ve ark. (2007) ise farkli ekstraksiyon yontemleri ile elde edilen
sumak ekstraktlarinin giiclii radikal giderici aktivite gosterdigini ortaya koymustur. Abu-
Reidah ve ark. (2014), LC-MS/MS analizleri sonucunda sumak meyvelerinde ¢ok sayida
fenolik bilesigin bulundugunu ve bu bilesiklerin biyolojik aktivitelerden sorumlu oldugunu
gostermistir.

Biyolojik Aktivite Bulgulari

Sumakta bulunan fenolik bilesikler, serbest radikallerin nétralizasyonunda etkili olmaktadir.
Oksidatif stresin azaltilmasi; kardiyovaskiiler hastaliklar, metabolik bozukluklar ve kronik
inflamasyon siiregleri agisindan 6nem tagimaktadir (Shahidi ve Ambigaipalan, 2015). Sumak
ekstraktlarinin ¢esitli bakteri ve mikroorganizmalara karsi inhibitor etki gosterebildigi
bildirilmistir. Bu 6zellik, sumagin dogal gida koruyucu olarak degerlendirilmesinde 6nemlidir
(Rayne ve Mazza, 2007). Deneysel calismalar, sumak bilesenlerinin inflamatuvar yanit
lizerinde diizenleyici etkiler gosterebilecegini ortaya koymustur. Ayrica kan glukozu ve lipid
metabolizmasi lizerine olumlu etkiler bildirilmistir (Kossah ve ark. 2010).

TARTISMA

Sumak (Rhus coriaria L.), geleneksel kullanim ge¢misi ile modern bilimsel arastirmalarin
kesisim noktasinda bulunan 6nemli bir bitki tiiriidiir. Bu ¢alismada degerlendirilen literatiir,
sumagin yalnizca gastronomik bir {iriin olmadigini; ayn1 zamanda yiiksek biyolojik aktivite
potansiyeline sahip dogal bir kaynak oldugunu gostermektedir. Geleneksel kullanim bilgileri
ile fitokimyasal arastirmalar arasinda onemli bir paralellik bulunmaktadir. Tarih boyunca
sindirim sistemi rahatsizliklari, enfeksiyonlar ve inflamatuvar durumlarda kullanilan sumagin
yiiksek fenolik igerigi, bu geleneksel kullanimlarin biyokimyasal temelini agiklamaktadir (Lev
ve Amar, 2000). Ozellikle Sanlurfa gibi kiiltiirel bitki kullanimmin giiclii oldugu bolgelerde
sumak, biyokiiltiirel mirasin 6nemli bir parcasidir. Yerel tiiketim aligkanliklari, bitkinin
yalnizca besinsel degerini degil, aym1 zamanda kiiltiirel kimlik icerisindeki yerini
gostermektedir. Modern gida teknolojileri agisindan degerlendirildiginde sumak, sentetik
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antioksidan ve koruyuculara alternatif dogal bir kaynak olarak énem kazanmaktadir. Fenolik
bilesiklerin gida oksidasyonunu geciktirme 6zelligi, sumak ekstraktlarinin fonksiyonel gida
uygulamalarindaki potansiyelini artirmaktadir (Shahidi ve Ambigaipalan, 2015).

Bununla birlikte, mevcut c¢alismalarin biiylik cogunlugu in vitro ve deneysel hayvan
caligmalarina dayanmaktadir. Insan saglig iizerindeki etkilerin daha kesin ortaya konulabilmesi
icin kontrollii klinik aragtirmalara ihtiya¢ bulunmaktadir.
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MEDALS AND DECORATION IN THE COLLECTION OF THE SELCUK
UNIVERSITY MUSEUM

SELCUK UNIVERSITESI MUZESI KOLEKSIYONUNDA YER ALAN MADALYA
VE NiSANLAR
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OZET

Bu bilimsel ¢alismanin ana materyalini, Selguk Universitesi Miizesi biinyesinde muhafaza
edilen alt1 adet nisan ve bir adet madalya teskil etmektedir. Miize envanterinde etnografik eser
olarak sergilenen bu objeler bugiline kadar mustakil bir incelemeye konu olmamistir. Bu
odiillendirme gelenegi, miize koleksiyonundaki bahsi gecen yedi Ornek aracilifiyla acikca
incelenebilmektedir. Ilgili eserler, donemin taltif sisteminin karakteristik vasiflarin1 biitiiniiyle
yansitan seckin objelerdir. Dolayisiyla, koleksiyonda yer alan nadide eserlerin bilimsel
kriterlere uygun sekilde belgelenerek tanitilmasi, caligmanin temel motivasyonunu
olusturmaktadir. S6z konusu eserler, 23 Ekim 2019 tarihinde Aydin ve Konstanta Dikmen
tarafindan bagis yoluyla miizeye kazandirilmistir. Giimiis, altin yaldiz ve mine gibi degerli
materyaller kullanilarak sekillendirilen bu objeler Osmanli donemi el sanatlarin iist diizey
inceligini sergilemektedir. Ne var ki, ¢evresel kosullarin yipratict etkilerine maruz kalan bu
parcalarda zamanla kararmalar, mineli kisimlarinda dokiilmeler ve formlarinda birtakim yapisal
bozulmalar ortaya ¢ikmistir. Bu durum gozetilerek eserler, 5 Mayis 2026 tarihinde Selguk
Universitesi Miizesi'nde bizzat incelenerek fotograflanmis ve giincel kondisyonlar1 yerinde
saptanmistir. Osmanli tesrifat sistemine 18. yiizyildan itibaren Bati etkisiyle giren madalya ve
nisanlar; devlete sadakat, {istlin gayret ve kahramanlik sergileyen sahislara takdim edilen
derecelendirilmis taltif sembolleridir. Calisma kapsaminda Sultan Abdiilmecid, Sultan
Abdiilaziz, I1. Abdiilhamid ve V. Mehmed Resad devirlerine ait olan bu nisanlardaki tugralar,
kitabeler ile "sadakat, hamiyet, gayret" vurgulu ibareler eksiksiz bicimde ¢oziimlenmis, ayrica
sanatsal nitelikleri teferruatlica tasvir edilmistir. Bunlarin disinda Urdiin Krali I. Abdullah
tarafindan ihdas edilen Urdiin Y1ldiz1 Nisan1 (Order of the Star of Jordan) da ¢alisma kapsamina
dahil edilerek eserin tarihgesi, tasarimi ve epigrafi 6zellikleri ayrintili bicimde ortaya konmus;
bdylece bu uluslararasi eserle birlikte katalogun sanatsal ¢esitliligi zenginlestirilmistir. Netice
itibartyla, Selguk Universitesi Miizesi koleksiyonunda yer alan ve bugiine kadar biitiinciil bir
yaklasimla ele alinmamis olan bu kiymetli eserlerin hem faleristik hem de sanat tarihi
literatiriindeki 6nemli bir boslugu dolduracak sekilde bilim diinyasina kazandirilmasi
hedeflenmektedir.

Anahtar Kelimeler: Selguk Universite Miizesi, Osmanl1, Nisan, Odiil, Madalya

ABSTRACT

The main material of this scientific study consists of six orders and one medal preserved within
the Selcuk University Museum. These objects, exhibited as ethnographic artifacts in the
museum inventory, have not been the subject of an independent study to date. This tradition of
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rewarding can be clearly examined through the aforementioned seven examples in the museum
collection. The relevant artifacts are distinguished objects that fully reflect the characteristic
traits of the honors system of the period. Therefore, the documentation and introduction of the
rare artifacts in the collection in accordance with scientific criteria constitute the main
motivation of this study. The artifacts in question were acquired by the museum through a
donation by Aydin and Konstanta Dikmen on October 23, 2019. Crafted using precious
materials such as silver, gilding, and enamel, these objects display the high-level refinement of
Ottoman-era handicrafts. However, having been exposed to the corrosive effects of
environmental conditions, these pieces have over time developed tarnishing, flaking in their
enameled sections, and certain structural deteriorations in their forms. Considering this
situation, the artifacts were personally examined and photographed at the Selguk University
Museum on May 5, 2026, and their current conditions were determined on-site. Medals and
orders, which entered the Ottoman protocol system from the 18th century onwards through
Western influence, are graded symbols of honor presented to individuals demonstrating loyalty
to the state, outstanding effort, and heroism. Within the scope of the study, the tughras,
inscriptions, and phrases emphasizing "loyalty, zeal, and devotion™ on these orders belonging
to the reigns of Sultan Abdllmecid, Sultan Abdilaziz, Abdulhamid Il, and Mehmed V Resad
have been comprehensively deciphered, and their artistic qualities have been depicted in detail.
In addition, the Order of the Star of Jordan, instituted by King Abdullah I of Jordan, has been
included in the scope of the study; the history, design, and epigraphic features of the artifact
have been revealed in detail, thereby enriching the artistic diversity of the catalog with this
international piece. In conclusion, it is aimed to introduce these valuable artifacts, which are
preserved in the Selcuk University Museum collection and have not been addressed with a
holistic approach to date, to the scientific community in a way that fills a significant gap in both
the phaleristics and art history literature.

Keywords: Selguk University Museum, Ottoman, Order, Award, Medal

GIRIS

Insanoglu tarih boyunca basarryr odiillendirmek, liyakati tescil etmek ve toplumsal
motivasyonu artirmak amaciyla cesitli gorsel simgelerden ve somut nesnelerden yararlanmaistir.
Bu onurlandirma kiiltliriiniin en koklii unsurlarindan biri olan nisanlar; devlet tarafindan hizmet
miikafat1 olarak muhtelif derecelerde verilen ve gdgse takilan alametin adidir!. Bu kavram ayni
zamanda belirli bir alanda {istlin yararlilik gosteren kisilere takdim edilen madeni sembolleri de
ifade etmektedir. Farsca kokenli olup “alamet, isaret”® anlamma gelen nisanlar, devletin
bagimsizlik ve egemenliginin en zarif sembolleridir. Nisanlar bir yandan devletin giiciinii
diinyaya tescil eden birer miihiir niteligi tasirken, diger yandan toplumu yiiksek gayretlere
tesvik eden manevi birer iilkii vazifesi gorlir. Osmanl biirokrasinde nisanlar hem estetik hem
de hiyerarsik birer sembol olarak karsilik bulmustur. Oyle ki, nisanlarm birinci, ikinci gibi
sayisal verilerle derecelendirilmesi, iiretiminde kullanilan madenin tiirii (altin, glimiis, bronz)
veya form farklhiliklari; gosterilen basarinin  "miikemmel, c¢ok 1iyi, orta" seklinde
smiflandirilmasina olanak saglamigtir.

! Pakalin, 1993. 5.694-695
2 Artuk, 2007: C.33 5.154-156
3 Arslan, 2024. s.17.
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OSMANLI’DA TALTIiFAT ARACLARI

Osmanli Devleti’nin geleneksel taltif mekanizmasi, koklii bir gegmise dayanan ve ¢ok katmanli
kiiltiirel kaynaklardan beslenen dinamik bir yapiya sahiptir. Tarihsel siiregte hiikiimdarlar; hem
kendi tebaalarindan iistiin hizmet gosterenleri hem de devlete fayda saglayan yabanci
sahsiyetleri taltif etmek amaciyla ¢esitli hediye ve onurlandirma araglarma basvurmuslardir.
Baslangicta dogrudan hiikiimdarin sahsinda ve iradesinde somutlasan bu o&diillendirme
alametleri, zamanla devletin idari yapis1 ve toplumsal normlar ¢ergevesinde sekillenerek 6zgiin
bir gelisim siireci izlemis ve kurumsal bir kimlik kazanmistir.

Sorgug ve Celenk: Giiglii bir merkezi yapisina sahip olan Osmanli Devleti hizmet ve basariy1
odiillendirmeyi sadece bir takdir arac1 degil, ayn1 zamanda devlete olan sadakati pekistiren bir
tesrifat mekanizmasi olarak kurgulamistir. Bu dogrultuda sorguc* ve celenk®, hem sembolik
degeri yiiksek birer paye hem de hiyerarsik diizenin gorsel gostergeleri olarak Gnem
kazanmigtir. Altin, glimiis ve miicevherli tiirleri bulunan ve basliga takilan sorgug, list diizey
devlet gorevlileri tarafindan alaylarda ve bilhassa seferlerde kullanilmakla birlikte giindelik
hayatta yaygin bir kullanima sahip degildi. Bir devlet adamia sorgu¢ verilmesi, hil'at
giydirilmesinden c¢ok daha Ust diizeyde bir iltifat olup, ancak cok 6zel durumlarda bizzat
padisah tarafindan sadrazama veya seckin devlet adamlarina tevcih edilirdi®.

Ozellikle Sultan III. Selim ve II. Mahmud dénemlerinde bu tesrifat gelenegi askeri alanda da
belirginlesmis; savaslarda basar1 gosteren komutan ve neferlere padisah hediyesi (Atiyye-i
Seniyye)’, olarak bu gosterisli alametler takdim edilmeye baslanmistir.® Bu baglamda nisan
geleneginin Osmanli Imparatorlugu'ndaki ilk 6rnegi, III. Selim (1789-1807) déneminde,
1798'deki Ebiikir Muharebesi'nin ardindan Ingiliz Amiral Nelson’a goénderilen elmas islemeli
celenk olarak kabul edilmektedir.® Bu yoniiyle nisanlarin atasi olarak kabul géren gelenkler,
ilk primitif 6rnek olarak degerlendirilmektedir.

Madalya: Celenk ve sorgugla somutlagan geleneksel takdir kiiltiirii, devlet mekanizmasindaki
modernlesme ve biirokratiklesme siireciyle birlikte yerini daha sistematik ve kategorize edilmis
bir yap1 olan madalya sistemine birakmistir. Kokeni Orta Cag Avrupa’sina uzanan madalya
gelenegi, Osmanli diinyasina Batililasma etkilerinin yogunlastigi donemlerde dahil olmustur.
Kelime anlami olarak italyanca “medaglia”dan gelir.® Temelde siyasi, sosyal ve askeri agidan
kritik Oneme sahip olaylar1 ebedilestirmeyi amaglayan madalyalar; askeri zaferlerden
diplomatik antlagsmalara kadar pek ¢ok doniim noktasini temsil eden “hafiza nesneleri”dir.!! Bu
dogrultuda madalyalar; Imparatorluk iradesini yansitan, devleti ileriye tasiyan iistiin ¢abalari
odiillendirmek amaciyla bizzat hiikiimdarin onayiyla takdim edilirdi. Osmanl: tarihindeki ilk

4 Sorgug Tiirkcede bazi kuslarin tepesinde bulunan uzun tiiylere denir. Zamanla kadin bagsliklarinin iizerine takilan
cesitli miicevher veya kiymetli tiiylerden yapilmis bir siisiin adina doniismiistiir. Daha ayrmtili bilgi igin bkz.
Ertug,2009: ¢.37 5.378-380; Keskin, 2007: 5.495-515.

5 Nisan’in ihdasindan evvel muharebelerde biiyiiklerden muvaffakiyet gésterenlere taltif makaminda verilen
hatiranin adi idi. Ahmet Vefik Pasa “Leh¢e-i Osmani” de “Celenk; maden ve cevahirden ¢alma resimli sorgu¢”
izahatini vermektedir. Daha ayrintili bilgi igin bkz: Pakalin, 1993: c.2 s5.346.

6 Ertug, 2009: 5.378-380.

" Atiyye-i Seniyye, Osmanli'da padisahlarin kiymetli kisilere, devlet gorevlilerine veya sanatgilara
verdigi "padisah bahsisi/hediyesi" veya "yiice ihsan" anlamina gelen bir tabirdir. Genellikle nakit para, kili¢, saat
veya kiymetli esyalar seklinde, bir hizmet karsiligi veya lituf olarak verilir. Daha ayrintili bilgi igin bkz.
Emecen,1991: C.4 s.64.

8 Eriireten, 2001: s.20.

9 Eriireten, 2001: s.13.

10 Artuk, 2003: 5.301-302.

11 Bir muharebenin veya miihim bir hadisenin hatiras1 olmak iizere madenden yapilan nisan adidir. Miisabakalarda
miikafat yahut sanat eserleri icin takdir nisanesi olarak verilen aldimetlere de bu ad verilir. Italyanca “Medaglia”
dan gelir. Bkz. Pakalin, 1993: ¢.3 5.377.
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madalya drneklerinden bir tanesi italyan sanatci Gentile Bellini tarafindan 1480 yilinda yapilan
Venedik sefiri vasitasiyla Fatih Sultan Mehmed’e sunulan portreli madalyadir.'? Ancak bu
erken donem 6rnegi daha ¢ok diplomatik bir hediye niteligi tasimaktadir. Madalyanin bir devlet
kurumu (Darphane-i Amire) vasitasiyla diizenli imalati Sultan 1. Mahmud déneminde
baslamstir. Yaklasik 1730’larda Patrona Halil isyani (1730) sonrasinda ¢ikarilan “Altin Ferahi
Madalyas1” ile resmiyet kazanmustir.'®

Form olarak sikkeyi andiran bu metal objeler, kullanim amaclaria gore ikiye ayrilmaktadir:
Elbise lizerine ilistirilen veya boyuna asilan “talik edilen” madalyalar ile sadece hatira olarak
saklanan “talik edilmeyen” madalyalardir.** Uretimlerinde genellikle altin giimiis bronz ve
bakiri tercih etmislerdir. Goriinlim ve yapi itibariyla nisanlardan ayrilan madalyalar, nispeten
daha kiiciik boyutlu ve ¢ift yonlii olarak tasarlanmislardir. On yiizii genellikle hiikiimdarin
tugrasi, Osmanli armasi veya ilgili olay1r simgeleyen rolyeflerle bezenmistir. Arka yiizlerinde
ise Odiillendirilen kisinin isminin yazilmasi i¢in birakilan bosluklar ve tanitici ibarelerle
tamamlanmustir.® Tasarimindaki bu 6zgiin yapi, madalyalarm devlet hiyerarsisindeki yerini
belirlemis ve zamanla kullanim amaglarina gore islevsel bir gesitlilik kazanmalarina yol
acmistir. Bu dogrultuda Osmanli madalya sistemi; hizmet, harp, hatira ve bagis gibi farkh
kategorilere ayrilmaktadir. Ornegin hizmet madalyalarinda Liyakat ve imtiyaz; harp sahasinda
ise Silistre, Kirim ve Yunan Harbi madalyalar1 bu ayrimin somut gostergeleridir. Tarihsel
olaylar1 ebedilestiren Hiinkar Iskelesi ve Kolera Hatira madalyalari ile toplumsal
yardimlasmay1 simgeleyen Hilal-i Ahmer, Iane-i Harbiye ve Kanun-i Esasi madalyalari, bu
sistemin genis yelpazesini yansitan temel drneklerdir.’® Hizmete karsilik bir basarinin hatirasi
olarak bir defaya mahsus verilen madalyonlarin en son Osmanli 6rnegi 1921 Traktor
miisabakas1 madalyas1 altin, giimiis ve bronzdan yapilmig ve bu odiillendirme gelenegi
Cumbhuriyet déneminde de siirmiistiir.!’

Ancak baglangigta an1 ve hatira niteligi tagiyan bu objeler, zamanla devletin {istiin hizmetleri
daha resmi bir sekilde taltif etme ihtiyaciyla evrim gecirmistir. Ozellikle askeri ve sivil
bagarilar1 ddiillendirmek amaciyla gogse takilan, gorsel olarak daha gosterisli ve hiyerarsik bir
anlam tastyan "nisan" gelenegi de tam bu noktada sekillenmeye baslamistir.

Nisan: Madalyalara kiyasla ¢ok daha gorkemli bir tasarima, karmasik bir {iretim siirecine ve
hiyerarsik bir yapiya sahip olan nisanlar, devlet hizmetinde {istiin yararlilik gosteren
vatandaslara veya yabanci devlet ricaline sunulan hazineden biiyiik harcamalar yaparak imal
ettirilmis en yiiksek onur payeleridir'®. Madalyadan daha ge¢ bir ddsnemde kurumsallasan nisan
sistemi liretiminde kullanilan kiymetli materyaller, mine isciligi ve farkli derecelerdeki (riitbe)
tasarimlariyla ayrigmaktadir. Madalyalar daha ziyade bir olay1 veya genel bir basariy1 temsil
ederken; nisanlar, kisinin devlete olan uzun siireli sadakatini ve tescil edilmis hizmetini
simgeleyen, dogrudan sahsin sosyal ve biirokratik statiisiinii belirleyen iist diizey odiillendirme
araclaridir. Osmanli Devleti’nde nisanlarin tarih sahnesine ilk ¢ikisi, Sultan III. Selim’in 1798
yilinda Ingiliz Amiral Nelson’a sundugu ddiille gergeklesmistir. Arsiv kayitlarinda Nelson’a ve
diger Ingilizler’e yollanan armaganlar arasinda gelenk yaninda nisanlarin da mevcut oldugu
dikkat cekmektedir. Ortasinda ay-yildiz, ¢evresinde ise pirlantali sualarin yer aldigi bu takdir
nesnesi, donemin belgelerinde “Hilal Nisan1” olarak adlandirilmigtir. Bu 6ncii uygulamayi,
1801 y1linda resmiyet kazanan Hilal Nisan1 ve Vaka-1 Misriye madalyalari takip etmistir. Ancak

12 Ayan, 2019: 5.20. (I. Artuk, C. Artuk, Fatih’in Sikke ve Madalyalar1 s.37’den)
13 Ayan, 2019: s.21.

14 Eriireten, 2001: s.14.

15 Eralp, 2002: 5.683-686.

16 Arslan, 2024: s.18.

17 Artuk, 2003: 5.301-302.

18 Tekin, 2014: 5.393-411.
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nisan sisteminin belirli bir diizene oturtulmasi, asil olarak Nisan-1 Iftihar’in ihdas edildigi II.
Mahmud (1808-1839) déneminde miimkiin olmustur. Osmanli Devleti’nde nisan, sadece bir
takdir aract degil, ayn1 zamanda bir riitbe alameti olarak algilanmis ve bu dogrultuda islev
gormiistiir. Bu yOniiyle nisanlar, sahibinin devlet hiyerarsisindeki yerini ve statiisiinii
simgeleyen somut birer gostergeye doniismiistiir. Nisan’in ilk defa riitbeli olarak memurlara
ihdas edilmesi 1832 yilinda II. Mahmud donemindedir. 1812°de eski tip nisan ve taltif
alametlerine son verilisi, Yenigeri Ocagi’nin kaldirilmasi ve yeni askeri teskilatlanma sebebiyle
ritbeleri belirtmek iizere nisanlar olusturuldu. Bu tlirdeki nisanlar {la, saniye, salise, rabia
ritbelerine mahsus olmak tizere dort gesitti ve miicevherliydi.!® S6z konusu nisanlar liyakate
dayali bir basaridan ziyade memuriyet derecesini gostermekteydi. En alt memurdan en iist
biirokrata kadar genis bir yelpazede dagitilan bu nisanlar, devlet hazinesinden zimmetle teslim
edilip, kullanim stiresi doldugunda kuruma iade edilmekteydi.

Islahat¢1 kimligi ile taninan ve daha Onceki donemlerde verilen nisanlar1 lagveden Sultan
Abdiilmecid, Osmanli nisan sistemi de, 1839’da tahta c¢ikmasiyla birlikte nihai yapisina
kavusturmus ve belirli nizamname kararlarina baglayarak devlet tesrifatindaki yerini
saglamlastirmistir. Bu dénemde herhangi bir derecesi olmayan Nisan-1 Imtiyaz adi verilen bir
nisan ihdas edildi. Ahmed Lutfi Efendi’nin kayitlarina gére bu nisan; ilk olarak Misir
meselesindeki diplomatik gayretleri neticesinde Mustafa Resid Pasa’ya, 1846 yilinda ise
Kavalali Mehmed Ali Pasa’ya takdim edilmistir. Ust diizey devlet adamlarina mahsus olan ve
vefat durumunda sahibinin evladina intikal eder ancak izinsiz takilamazdi. Nisanlarin
dagitiminda diizeni saglamak adina, 1848 yilinda yeni bir nizamname g¢ikarilmistir. Bu
nizamname kararlariyla birlikte, nisanlarin yalmizca liyakat sahibi memurlara tahsisi
kararlastirilmistir. Nihayetinde 1851 yilina gelindiginde, yasanan mali sikintilar sebebiyle eski
iftihar Nisanlar1 tedaviilden kaldirilarak Darphane’de geri doniistiiriilmek iizere toplatilmistir.°
Eski nisanlarin toplatilmasinin ardindan, askeri ve miilki erkanin gdgsiiniin nisansiz kalmasi
devletin ihtisami1 ve diplomatik temsiliyeti agisindan uygun goriilmemistir. Bu dogrultuda 1851
yilinda, devlete sadakat ve gayretle hizmet edenleri Odiillendirmek amaciyla Sultan
Abdiilmecid’in kendi adiyla “Mecidi Nisan1” ihdas edilmistir.?* Geleneksel normlardan uzak
tamamen Bati tarzindan ilham alinarak tasarlanan bu nisanin; verilme sartlari, riitbeleri,
boyutlar1 ve kullanim sekilleri yiiriirliige konan 28 maddelik kapsamli bir nizamnameyle
ayrmtili olarak hiikkme baglanmustir. 2 Nisanin alametlerinin fiziki 6zellikleri gayet net bir
sekilde agiklanmaktaydi. Uger subeli yedi suadan olusan bir giines seklini alan alametlerin
sualarinin arasinda “Alamet-i Seniyye-i Devlet-i Aliye” olarak nitelenen ay yildiz motifleri yer

19 Pakalin, 1993: 5.694.

20 Artuk, 2007: C.33 s.154-156.

2l Mecid-i Nisani, Osmanli Devleti tarafindan 1. Diinya savasinda gorev alan Alman subaylara da cesitli
derecelerde tevcih edilmistir. (Ball, R. & Peters, P. 5.167.)

22 Mecidi Nisam Nizamnamesi Ozeti: ““I-Devlete her tiir hizmet edenlere verilmek iizere Mecidiye ismiyle bir nisan
tesis olunmustur. 2-Is bu nisan padisahin hamiyeti altindadwr. 3-Bu nisan 5 riitbeden ibarettir. 4-Bu nisan kayd:
hayat (hayat siiresince) sartiyla ihsan buyrulur. 5-Bu nisanin her riitbesi adedi mahdut olacaktir. 6-Ecnebilere
verilecek olan niganlar bu adetlerden hari¢ olacaktir. 7-Bu nisan, her birinde ay yildiz olmak iizere ii¢ subeli 7
suadan ibaret giimiis bir giines resminde olup, 4 riitbeye kadar altin,5. riitbesinde giimiis levha tizerindeki Tugra
ile bunun etrafi kirmizi mine iizerine altin hatla, bu nisana sahip olmak icin gereken, “Hamiyet”, “Gayret” ve
“Sadakat” kelimeleri ile tesis tarihi olan 1268 senesi konulacak ve talik olunacak béliimiinde dahi kirmizi mineli
bir ay yildiz alameti bulunacaktir. 8-Bu nisanin birinci riitbesi, etrafi yesil ¢izgili kirmizi serit ile gerdana ve bu
nisandan baska aymi nigsamin geklinde biiyiik bir semsesi olup, gégsiin sol tarafina talik olunur. 2. riitbesi 3.
riitbesinden kiiciik bir nigsan olup, ayni sekilde ile gerdana, 1.riitbesinden daha kiiciik olan semsesi gogsiin sag
tarafina talik olunur. 3.riitbesi 1.riitbeden kiiciik, ikinci riitbeden biiyiik yalniz bir nisan olup ayni renkte serit ile
gerdana takilr. 4.riitbesi iigiincii riitbesinden kiigiik bir nisan olup aymi renkte serit ile gégsiin sol tarafina
astlir.5.riitbesi ortast giimiis ve 4.riitbeden kiiciik olup 4. riitbesi gibi gégsiin sol tarafina asilir. 58 9-Nisanla
beraber berati da verilir ve berati olmadan hi¢ kimse bu nisant talik edemez. 10-Bu nisani ihsan etme yetkisi
sadece Padisaha aittir.” Daha ayrintili bilgi i¢in bkz: Eriireten, 2001: s.214.
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alacakti. Nisanin ortasindaki madalyon, ilk dort riitbede altindan, besincisinde ise glimiisten
imal edilecek ve iizerinde Sultan Abdiilmecid’in tugrasi yer alacakti. Etrafindaki koyu kirmizi
mine gevre iizerine altin harflerle “isbu nisan-1 ‘Aliye Nailiyet I¢in Sifat-i LAzima-y1 Istihkakiye
Olan Hamiyet ve Gayret kelimeleri” ve ihdas tarihi olan 1268 tarihi islenecekti.?®. Nisan-1
Iftihar, Nisan-1 Imtiyaz?*, 6zellikle hiikiimdarin adini tastyan Mecidi Nisam? bu dénemin en
onemli nisanlar1 arasinda sayilabilir.

Sultan Abdilaziz H.1278 (1862) doneminde devlete her tirll hizmette bulunanlara verilmek
iizere, takdir yetkisi dogrudan Padisaha ait olan “Nisan-1 Osmani” adli yeni bir nisan daha ihdas
edilmistir. Bu nigsanin nizamnamesindeki 11. madde uyarinca, askerlerin nisana hak
kazanabilmesi i¢in en az 20 yil basarili hizmet vermis olmalar1 sart1 araniyordu. Ayrica, Nisan-
1 Osmani'nin birinci riitbesine nail olabilmenin 6n kosulu, daha 6nce Mecidiye Nisani'nin birinci
riitbesini kazanmis olmakt1.?® Bu nisanda ilk ii¢ riitbeden ibaretti, daha sonra dordiinciisii
eklenmistir. 4 derece olan nisanin yalniz 1. derecesinin murassas1 mevcuttur.?’ Osmani Nisani
yedi koseli bir yildiz formundadir, orta boliimii kirmizi mineli olup bir hilalin iizerinde, altin
harflerle, ortada: “Abdiilaziz han” iizerinde “El-Miistenid Bi Tevfikati’r-Rabbaniyye Meliki’d-
Devleti’l-Osmaniyye” yazilidir. Arka yiizleri de 6n yiiz gibi mineli olup, Osmanli Devleti’'ni
simgeleyen ¢ift davul ve adlem, onun iizerinde de Osmanli Devleti’nin kurulus tarihi olan “sene
699” yazis1 bulunmaktadir. Kurdelesi, yesil kenarlar1 kirmizi ¢izgilidir. Bu nisanda kaydi hayat
sartiyla verilmis ve sahibinin Sliimiinde de geri alinmistir. Sultan Abdiilaziz’in 1862 yilinda
gerceklestirdigi Bursa gezisi sirasinda atast ve Osmanli Devleti'nin kurucusu olan Osman
Gazi’nin tiirbesindeki sandukasina kendi eliyle murassa Nisan-1 Osmani ast1g1 bilinmektedir.?
Mecid-i nisaninda oldugu gibi Nigsan-1 Osmani de imparatorlugun son dénemine kadar farkli
padisahlar tarafindan yaptirilarak verilmeye devam edilmistir?®,

Sultan II. Abdiilhamid, 6nceki nisanlarin kullanimim siirdiiriirken®® H. 1295 (1876) yilinda
padisahin iradesine bagl olarak ilmiye, miilkiye ve askeri siniflarinda hizmetlerine mahsus
“Nisan- Ali Imtiyaz” ¢ikarildi®!. Bu nisan tek dereceli olup ii¢ par¢adan olusmaktaydi. Ardindan
1878 yilinda Osmanli'da ilk kez kadinlara mahsus olan “Sefkat Nisanin1” yiirtirliige koymustur.
Uc riitbeden olusan bu nisanin nizamname kararlarindaki besinci maddesinde savas
zamanlarinda, deprem, yangin ve su baskini gibi olaylarda devlete ve millete hizmet eden
kadilara verilecegi gibi kurallar yer almaktaydi®?. Altindan yapilmis olan bu nisanin birinci

2 Tekin, 2014: 5.401.

2 Devletin ilmi, miilki ve askeri menfaatlerine fevkalade olarak hizmette bulunanlara verilmek iizere 2 Zilhicce
1295 (1878) tarihinde ihdas olunun nisanin adidir. Bu nigsant alabilmek nisanda mine islemeli ve murassa olarak
yazili hamiyyet, gayret, secaat ve sadakatin fi’ili eserlerinin sabit olmasina bagl idi. imtiyaz nisan1 daha ayrinili
bilgi icin bkz. Pakalin 1993:64-65.

% Bu nisan ilk alanlar arasinda birinci riitbe ile taltif edilen Mekke Serifi Abdiilmuttalip Efendi bulunuyordu.
Daha ayrintili bilgi i¢in bkz. Tekin, 2004: s.391-411.

2% Eiireten,2001: s.239.

2" Murassa: Tersi olmus iizeri cevherle siislenmis yerinde kullanilir bir tabirdir. Kili¢ nisan gibi seyler cevherle
tezyin edilir ve o tiirlii siislenmis olanlara murassa denir. Pakalin,1993: C.2 s.582.

28 Bu semse halen Topkap1 Saray1 Miizesi Hazine Dairesi’nde (nr. 2/1029) teshir edilmektedir.

2 Giimiisten Ikinci Riitbeden Nisan-1 Osmani, Atatiirk’e Kafkas Cephesi Muhaberelerinde gosterdigi iistiin
basarilarindan  dolayr 1 Subat 1916 tarihinde, V. Mechmed Resad tarafindan verilmistir.
(https://ata.msb.gov.tr/Sayfa/SayfaGoster/nisan-ve-madalyalari 22.05.2026)

%0 1I. Abdiilhamid tarafindan, Mustafa Kemal Atatiirk’e 25 Aralik 1906 tarihinde kurmay yiizbas1 iken Samdaki
iistiin hizmetlerinden dolay1 giimiis Besinci Riitbeden Mecidi Nisan’1 verilmistir. Daha ayrintili bilgi i¢in bkz.
(https://ata.msb.gov.tr/Sayfa/SayfaGoster/nisan-ve-madalyalari 22.05.2026).

81 Bu nisanlar ve semse Sultan Abdiilhamid’in sahsi nisanlari olup Topkapt Saray Hazine Dairesinde
bulunmaktadir.

32 Sefkat Nigsani Nizamname Ozeti: “1- Sefkat namiyla kadinlara mahsus bir nisan ihdas edilmistir. 2-Bu nisan
padisahin himayesi altindadir. 3- Sefkat nisani ii¢ riitbeden olusmustur. Bu nigsan kirmizi mineli ve bes koseli bir
yvildiz olup, yildizin dis tarafinda yesil bir defne dali vardwr. Ortasinin etrafindaki kirmizi mineli dairenin tizerinde
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derecesinde semsesi ile ikinci derecenin nisani murassa, birinci derecenin nisani ile ti¢lincii
derece nisan sadece minelidir. Nisan ve semselerin ortasinda altin plaka {lizerine “El Gazi”
unvani alt kisminda 1295 tarihi darbedilmistir. Bunlarin disinda 1892 yilina gelindiginde,
hanedan tarafindan uygun goriilen, devlete fiillen ve manen yarar1 bulunan yabanci
hiikiimdarlara, hanedan erkanina ve padisaha {istlin hizmet saglayan yiiksek dereceli memurlara
ozel imtiyazl1 denilebilecek “Hanedan-1 Al-i Osman” nisan1 ihdas edilmistir.3® Bu nisan tek
riitbelidir ve nizamnamesinde yer alan 2. Maddesinde belirtildigi iizere kolye ile talik olundugu
bilinmektedir®*.

1909 yilinda Abdiilhamid tahttan indirilince yerine Sultan V. Mehmed Resad padisah olarak
gecmistir. 17 Mayis 1910 tarihli emirle Maarif Nisan1 ¢ikarmistir®®. Ug riitbeden olusan nisan
yine kaydi hayat sartiyla verilmekteydi. Verilme sartlar1 egitim isiyle ugrasanlara, ilim, marifet
ve sanat alaninda basar1 gosterenlere yonelikti ve ii¢ riitbesi giimiistendi. Yine bu donemde bes
rlitbeli Meziyet Nisan1 ve ¢ riitbeli Ziraat Liyakat Nisanlarinin ¢ikarilmasinin diisiiniildigi,
nizamnamelerinin yayimlandigi, fakat bu nisanlarin bilinmeyen sebeplerden ihdasinin
gerceklesmedigi anlasiimaktadir.®

Mustafa Kemal Atatiirk’iin 6nderliginde Kurtulus Savasi’nin zaferle sonu¢lanmasi ve 1 Kasim
1922°de TBMM ’nin saltan1 kaldirmasinin ardindan bu koklii gelenek Tiirkiye Cumhuriyeti’nin
ilk y1llarinda varligini stirmiistiir. Nitekim TBMM tarafindan Resmi Gazete’de 29 Kasim 1934
giinii yayimlanan 2590 sayili kanunun 2. maddesiyle tamamen yiiriirliikten kaldrrilmugtir.®”

SELCUK UNIVERSITESI MUZESINDEKI NISANLAR

Bu tarithsel ve Kkiiltiirel birikimin birer yansimasi olan nisanlar, giinlimiizde miize
koleksiyonlarinin da kiymetli etnografik materyalleri arasinda yer almaktadir. Bu ¢alisma,
Selguk Universitesi Miizesi envanterine kayitli olan ve bagis yoluyla temin edilen Osmanli
Donemi’ne ait yedi adet eseri odak noktasina almaktadir.

“Insaniyet, Muavenet, Hamiyet” kelimeleri yazihdi: Birinci riithenin giinesi tamamen murassa, ve ikinci
riitbesinin giinesi pirlanta ve altin ile miizeyyen olup, iiiincii riitbesi kirmizi mineli bes késeli yildizdan ibarettir.
Bu ii¢ riitbenin kitalari nizamnameye ekli numunelere gore yapilacaktir.4- Sefkat nisani birinci riitbesi altindan
mamul bir nevi zincir ile gerdana talik olunur. Ve bu riitbenin, zemini beyaz kenarlart yesil ve kirmizi bir kordonu
olup, bu kordonun ucuna dahi yukarida belirtilen yildiz raptedilmis olacaktir: Ikinci riitbesi, birinci riithesinin
kordonu renginde kiiciik bir bag ile gégiise ve iictincii riitbesi kordona raptedilmis yildiz seklinde olup ikinci riitbe
nisanin aynt bag ile gégsiin sol tarafina talik olur. Daha ayrintili bilgi i¢in bkz: Eriireten, 2001: s.287.

3 Artuk, 2007: C.33 5.154-156.

34 Cekim, 2023: s.61.

% Iskifiyeli, 2007: 5.577.

36 Eriireten, 2001: s.345.

37 590 Sayih Efendi, Bey, Pasa Gibi Lakap ve Unvanlarin Kaldinldigina Dair Kanun (1934, m. 2)
https://www.sonkarar.com/mevzuat/efendi-bey-pasa-gibi-lakap-ve-unvanlarin-kaldirilmasina-dair-
kanun/e5492¢b0-fd70-5cee-950a-ec2bbe10a76¢c#_ftnl (17.05.2026).
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KATALOG
Katalog No.1

11 1

8.0. MOZE mp. L. mm|
Fotograf.1 On Yiiz

Fotograf.2 Ark Yiiz

On yiiz madalyon ici: Arka yiiz:

Ustte “Hamiyet”, Sagda | “Darphane-i Amire”
“Sadakat”, Solda “Gayret”,
Altta “Sene 1268”

Miize Envanter Numarasi: 420E

Eserin Adi: Mecid-i Nisan-1

Tarihi ve Kokeni: Sultan Abdiilmecid tarafindan H.1268 (M.1851) yilinda ihdas edilmistir.
Eserin Olculeri: Y.: 65,6 mm C.: 63,3 mm A.: 4,0 gr.

Eserin Malzemesi: Giimiis, Altin ve Mine

Kullanilan Teknik: Kalemkarlik, mine teknigi, nisanin arka yliziinde darp teknigi
kullanilmastir.

Tamim ve Kompozisyon: 3. Derece Mecid-i Nisanidir.3® Eser yedi subeli ve subeler arasinda
“Alamet-i Seniyye-i Devlet-i Aliyye” olarak nitelendirilen yedi adet ay-yildizli giimiis suadan
olusan giines formunda tasarlanmistir. Murassa goriiniimii elde etmek amaciyla glimiis yiizey
kalemkarlik teknigiyle islenerek tiraglanmistir. Eserin On yiiziinde, orta bombeli kisimda
Sultan’in tugrasi yer almaktadir. Kirmizi mine iizerinde yerlestirilen altin ¢erceveli kartuglarin
icerisine iistte Sultana ait ibareler yer almaktadir. Nisanin arka yiiziinde, ay-yildiz icerisinde
“Darphane-i Amire” damgasi ile sah damgasi mevcuttur. Nizamnamede yer alan 7. madde
hiikiimlerine gore 3. riitbe nisanlar, yesil-kirmizi serit ile gerdana takilarak kullanilmaktaydi.
Nisanin tepe noktasinda aski mekanizmasina ait bir parcanin izi goriilmekle birlikte, aski
aparatinin kendisi ve kurdelesi giiniimiizde mevcut degildir; eser yalnizca ana govde haliyle
giintimiize ulagmistir. Eser genel itibariyla formunu korumus olup, biitlinliiglinii bozacak major
bir hasara sahip degildir; ancak zamanin etkilerine bagli olarak c¢esitli yipranmalar
barindirmaktadir. Niganin ana gdvdesini olusturan suali glimiis kisimlarda ve aralardaki ay-
yildiz motiflerinde zamana bagli korozyon ve belirgin bir kararma (oksitlenme)

3 Envanterde 420 E numarasiyla kayith eserin yiiksek ihtimalle 3. Derece olmas1 muhtemeldir. 1. ve 2. derece
nisanlarin semseleriyle birlikte bir takim olusturmasi ve 4. derece nisanlarin daha kiigiik ebatlarda (yaklasik 50-58
mm) iretilmesi goéz Oniine alindiginda; eserin mevcut ¢ap 6l¢iimii (63,3 mm) ve altin gdbegi, bunun bir 3. Derece
Mecidi Nisan1 oldugunu gostermektedir. (Ayrintili Sl¢lim standartlari i¢in bkz.Eriireten, 2001: 217).
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gozlemlenmektedir. Merkezdeki altin/yaldizli tugra boliimiinde yiizeysel kilcal cizikler ve
matlasma mevcuttur. Tugray1 ¢evreleyen "Gayret, Hamiyet, Sadakat" yazili ve 1268 tarihli
kirmizt mineli kusakta mineler biiylik oranda saglamligini korumaktadir; ufak ¢apli kenar
asinmalar1 disinda ciddi bir dokiilme goriilmemektedir. Arka ylizeyde glimiis kararmasi
(oksitlenme) ¢cok daha yogun bir sekilde tabakalagmistir. Merkezde yer alan darphane damgasi
formunu korumaktadir.

Katalog No.2

nmulmﬂ‘!w el UL .

5.0. MOZE MD s.0. MOZE MD.

Fotograf.3 On Yiiz Fotograf.4 Arka Yiiz

On Yiiz Madalyon Ici: Arka Yiiz:

“el-Mdstenidii  bi-Tevfikati'r- | “Darphane-i Amire”
Rabbaniyye Abdiilaziz Han
Melikii'd-Devleti'l-Osmaniyye”

Miize Envanter Numarasi: 421E

Eserin Adi: Nisan-1 Osmani

Tarihi ve Kokeni: Sultan Abdiilaziz tarafindan H.1278 (M.1862) yilinda ihdas edilmistir.
Eserin Olculeri: Y.: 88,8 mm C.: 89,7 mm A.: 7,1 gr.

Eserin Malzemesi: Giimiis, Altin ve Mine

Kullanilan Teknik: Kalemkarlik, mine teknigi, nisanin arka yliziinde darp teknigi
kullanilmastir.

Tamm ve Kompozisyon: Eser 2. Derece Nisan-1 Osmani Semsesidir.>® Yediser suali ve sekiz
subelidir. Nisanin orta boliimii kirmizi mineli olup bir hilalin iizerinde, altin harflerle, Eski
Tirkge ile "Osmanli Devleti'nin Hiikiimdari, Allah'in yon gostermesine dayanan Abdiilaziz
Han" yazmaktadir. Arka yiiziiniin orta gobeginde ay-yildiz icerisinde “Darphane-i Amire”
damgasi ile sah damgas1 mevcuttur.*’ Nizamnamede yer alan 8. Madde geregince, yesil ve iki

39

40 Sahh kelimesi sozliikte “sahih, uygun, dogru” anlamina gelir. Resmi belgelerle yazma kitaplarda rastlanan
dogrulama ve karsilastirma isareti. Yaygin mdanasiyla Osmanli biirokrasisinde ézellikle sadrazamin gériip dogru
ve uygun buldugu biirokratik islemlerin iizerine stilize bir sekilde bizzat kendisinin yazdigi yahut bazi
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tarafi kirmizi ince bir kordonla boyuna, semsesi sag tarafa talik olundugu yazmaktadir.** Giincel
durumuna bakildiginda, yer yer deformasyonlar mevcut olup arka yiiziindeki igne
mekanizmasinda zamana bagli oksitlenme nedeniyle kilit aksam1 zor ¢alismakta ve islevini
kismen yitirmis durumdadir.

Katalog No.3

-
8.0. MOZE MD. mm R
Fotograf.5 Arka Yiiz Fotograf.6 Arka Yiiz

On Yiiz Madalyon ici: Arka Yiiz:

“el-Miistenidii ~ bi-Tevfikati'r- | “Sene 699”
Rabbaniyye Abdiilaziz Han
Melikii'd-Devleti'l-Osmaniyye”

Miize Envanter Numarasi: 422E

Eserin Adi: Nisan-1 Osmani

Tarihi ve Kokeni: Sultan Abdiilaziz tarafindan H.1278 (M.1862) yilinda ihdas edilmistir.
Eserin Olculeri: Y.: 111 mm C.: 73,4 mm A.: 4,2 gr.

Eserin Malzemesi: Giimiis, Altin ve Mine

Kullanilan Teknik: Kalemkarlik, mine teknigi, nisanin arka yliziinde darp teknigi
kullanilmustir.

Tanim ve Kompozisyon: Eser Devlete iistiin hizmet ve sadakat gdsteren sivil ve askeri kisilere
verilen Dérdiincii Derece Nisan-1 Osmani’dir.*? Yedi koseli bir yildiz formunda tasarlanan
nisanin kollari, ince giimiis ¢ercevelerle sinirlandirilmis yesil mineli tiggenlerden olusmaktadir.
Her tiggen kolun u¢ noktasinda giimiis topuz yer alir. Yildiz kollarinin aralarinda ise zambak
cicegi formunda yedi subeli ve ii¢ suali kisa 151n demetleri yerlestirilmistir. Nisanin 6n yliz
merkezindeki hafif bombeli, kirmiz1 mineli madalyonun alt kisminda; uglar1 yukar1 bakan

muamelelerde beylikgi kesedart veya beylik¢inin yazmasina izin verdigi isareti ifade eder. Daha ayrintili bilgi i¢in
bkz. (Ipsirli, 2008: C.35 5.490-491)

4 Eriireten, 2001: 5.239.

42 Nisanin toplam 2000 adet ihdas edildigi, iist riitbelere terfi i¢in belirli siire sartlarinin arandigi; buna gore 3.
riitbeye gecis i¢in iki, 2. riitbeye gecis icin ise dort yil beklenmesinin gerekli oldugu anlasilmaktadir. Ayrica nigsan
tevcihi sirasinda tegrifat tarafindan 1600 kurus harg tahsil edilmekte, askeri sinifa mensup olup hargtan muaf
tutulacak kisiler i¢in ise padisah iradesi (irade-i seniyye) sart kosulmaktadir. Eriireten, 2001: s.239.
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devlet alameti sayilan altin kabartmali bir hilal motifi bulunmaktadir. Bu kompozisyonun
iizerinde, hafif bombeli mineli zeminin {izerine altin harflerle madalyon kismi1 olusturulmustur.
Govdenin st kisminda ise nigsanin kurdeleye baglanmasini saglayan, yukari bakan altin
kaplama bir ay-yildiz aski diizenegi mevcuttur. Nisanin arka yliziinde, 6n yiizdeki kenar
formunun siisleme diizeni aynen tekrarlanmistir. Glimiis dairevi bir plaka tizerinde; onde
devletin bagimsizligini ve egemenligini simgeleyen capraz yerlestirilmis iki adet davul ile arka
planda yine ¢apraz konumlandirilmis iki adet sancak islenmistir. Davullarin {izerinde piiskiilli
kordonlar birbirinin iginden gegirilerek diiglimlenmis, arkadaki alemli sancaklarin ikiser adet
puskiilleri tasvir edilmistir. En istiinde, hafif kabarik oval bir kartus igerisine Osmanli
Devleti’nin kurulus yilina atif yapan “Sene 699” ibaresi darp edilmistir. Donemin resmi
mevzuatini olusturan nizamnamenin 8. maddesi uyarinca, bu dordiincii derece nisanin kirmizi
bir kordon ile gégsiin sol tarafina takilarak tasinmasi gerektigi kurallara baglanmistir. Eser
genel hatlariyla formunu ve yapisal biitlinliiglinii korumaktadir. Herhangi bir kopma veya
biliyiik ¢apli fiziksel hasar barindirmamakla birlikte, malzemesinde zamana bagli dogal
yipranmalar mevcuttur. Yedi kdseli yi1ldiz formundaki ana gévdenin kollarin1 kaplayan yesil
mineler bliylik 6l¢lide saglamdir, belirgin bir dokiilme goriilmemektedir; ancak yiizeyde ufak
capli matlasmalar mevcuttur. Yildiz kollarinin ucundaki kiireciklerde, aralardaki gilimiis
sualarda ve merkezdeki kabartma motifli madalyonda zamana bagli kararma ve ton farkliliklari
bulunmaktadir. Nisanin ay-yildizli tepe kulpuna bagli ince uzun metal aski halkasi yerinde
durmaktadir; ancak eserin asilmasini saglayan orijinal kirmizi kordonu giliniimiize
ulasmamistir. Eser madalya govdesi ve aski metalleriyle muhafaza edilmektedir.

Katalog No.4

il ..m}
5.0. mOZE mp, T [—

Fotograf.7 On Yiiz Fotograf.8 Arka Yiiz

i =
s.0. MOZE mD. mm "f‘,—j

On Yiiz Madalyon Ici: Arka Yiiz:

Ustte “Hamiyet”, Sagda | “Darphane-i Amire”
“Sadakat”, Solda “Gayret”,
Altta “Sene 12687, Ortada ise
“Abdiilaziz Han bin Mahmud
el-Muzaffer”.
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Miize Envanter Numarasi: 423E

Eserin Adi: Mecidi Nisan-1

Tarihi ve Kokeni: Sultan Abdiilmecid tarafindan H.1268 (M.1851) yilinda ihdas edilmistir.
Eserin Olguleri: Y.: 90,3 mm C.: 55,4 mm A.: 3,1 gr.

Eserin Malzemesi: Giimiis, Altin ve Mine

Kullanilan Teknik: Kalemkarlik, mine teknigi, nisanin arka yiiziinde darp teknigi
kullanilmistir.

Tanmim ve Kompozisyon: Besinci dereceden Mecidi Nisanidir.*® Yedi subeli iiger suadan
olusan giines seklindeki giimiis alametin, sualarinin arasinda yedi adet ay-yildiz motifleri yer
almaktadir. Nisanda kalem atma teknigi ile giimlis malzeme tiraslanarak murassa hissi
yaratilmistir. On yiiziin merkezinde yer alan hafif bombeli ve giimiisten mal edilen madalyonun
iizerine Sultan Abdiilmecid’in tugrasi darp edilmistir. Bu tugrali boliimii, es merkezli iki glimiis
seritten olusan dairevi bir ¢ergeve ¢evrelemektedir. Kirmizi mineli bir zemine sahip olan bu
cercevenin lizerinde, altin cergeveli kartuslarin igerisinde Sultana ait ibareler okumaktadir.
Arka yiiziinde ise darphane kontroliinde yapildigmna dair, “Darphane-i Amire” yazil kiigiik bir
glimiis parca monte edilmistir. Nisanin tepe noktasinda, eserin gogiis kurdelesine asilmasini
saglayan ay-y1ldiz formunda bir aski aparat: bulunmaktadir. On yiizeyi kirmizi mineyle bezenen
ve altin yaldizla belirginlestirilen bu aparatin arka yiizeyi ise altin kaplamalidir. Eserin glimiis
yiizeylerinde ve minelerinde zamana bagli patinasyonlar goriilmekle birlikte, yapisal
biitiinliiglinii koruyan olduk¢a iyi kondisyona sahip bir Ornektir. Giimiis kisimlarin arka
yiizeyinde korozyon ve oksitlenme daha dalgali ve yer yer yogunlagmis bir doku olusturmustur.
Merkezdeki darphane damgasi saglam ve okunur durumdadir. Nigsanin ay-yildizli tepe kulpuna
bagli olan ince uzun metal aski halkasi yerinde durmaktadir; ancak eserin orijinal yesil ¢izgili
kirmizi kordonu giiniimiize ulasmamustir. Eser, giiniimiizde Selguk Universitesi Miizesi
koleksiyonunda muhafaza edilmekte olup miizenin teshir salonunda sergilenmektedir.

Katalog No.5
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Fotograf.9 On Yiiz Fotograf.10 Arka Yiiz

3 Bu niganin 5.riitbesi ortas1 giimiis ve 4.riitbeden kiigiik olup yine 4.riitbe gibi gdgsiin sol tarafina asilir. Daha
ayrintil bilgi igin bkz. (Eriireten, 2001: s.211)
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On Yiiz Madalyon ici: Arka Yiiz:

Ustte “Hamiyet”, Sagda | “Darphane-i Amire”
“Sadakat”, Solda “Gayret”,
Altta “Sene 1268”.

Muze Envanter Numarasi: 424E

Eserin Adi: Mecidi Nisan-1

Tarihi ve Kokeni: Sultan Abdiilmecid tarafindan H.1268 (M.1851) yilinda ihdas edilmistir.
Eserin Olguleri: Y.: 95,5 mm C.: 64,0 mm A.: 3,7 gr.

Eserin Malzemesi: Giimiis, Altin ve Mine

Kullanilan Teknik: Kalemkarlik, mine teknigi, nisanin arka yiiziinde darp teknigi
kullanilmistir.

Tanmim ve Kompozisyon: Uciincli derece Mecid-i Nisanidir. Yedi subeli ve subeler arasinda
yedi adet ay-yildizli glimiis suadan olusan semse giines formunda tasarlanmistir. Tugra boliimii
hafif bombeli olup altin kaplamadir lizerinde ise Sultan’in tugrast bulunur. Tugranin etrafini
dairevi seritten bir ger¢eve kusatmaktadir. Cergevenin igerisinde kirmizi mineli altin seritle
siirlandirilmis kartuslar goériilmektedir. Arka yiiziinde, ay-yildiz igerisinde “Darphane-i
Amire” damgasi ile sah damgas1 mevcuttur. ilgili nizamnamenin 8. maddesi geregince, etrafi
yesil kirmizi seritli kordon ile gerdana takildigi bilinmektedir. Eser yapisal biitiinliigiint
korumakla birlikte, yalnizca orijinal aski kurdelesi noksandir. Giimiis govdede dogal
oksitlenmeye bagli kararmalar izlenmektedir. On yiizdeki yaldizli tugra ile kirmizi mineli
detaylar olduk¢a saglam durumdadir. Arka yilizdeki madalyonun sol iistiinde zikzak formlu
ylizeysel bir ¢izik bulunmaktadir.

Katalog No.6

T
5.0. MOZE MD. mm| 5.0.mOzEMD. ¢
Fotograf.11 On Yiiz Fotograf.12 Arka Yiiz
On Yiiz Madalyon igi: Arka Yiiz:
“Abdullah bin Hiiseyin” “Tevfik Pasa”

“Elkukebii’l Urdiini Minel
Tabakate’l Evveli”“Hicri 1366
(Miladi yaklasik 1947)”

Miize Envanter Numarasi: 427E

August 18-19, 2026 / Sanlurfa, Tiirkiye 20



EL RUHA 15th INTERNATIONAL CONFERENCE ON SCIENTIFIC RESEARCH

Eserin Adi: Nisan-1 Urdiin

Tarihi ve Kokeni: 22 Haziran 1949 tarihinde Kral I. Abdullah tarafindan babasi Hicaz Emiri
Serif Hiiseyin ibn Ali’nin anisina ithafen ihdas edilmistir.*

Eserin Olguleri: Y.: 107,6 mm C.: 106,8 mm A.: 14,8 gr.
Eserin Malzemesi: Giimiis, Altin ve Mine

Kullanilan Teknik: Kalemkarlik, mine teknigi, nisanin arka yiiziinde darp teknigi
kullanilmaigtir.

Tanim ve Kompozisyon: Géoriintiideki nisan, Urdiin Krallig1’na ait resmi bir taltif alameti olan
“Urdiin Yildiz1 Nisam1” (Order of the Star of Jordan / Visamii’l-Kevkebi’1-Urdiin?) birinci
derece semsesidir. Ingiltere’nin 22 May1s 1946°da Sarki Urdiin’ii miistakil bir devlet olarak
tanimas1 ve I. Abdullah’in “Urdiin Hasimi Krali” unvaniyla tahta gegmesinin ardindan;* bu
yeni devletin bagimsizlik nisanesi olarak 1949 yilinda s6z konusu nisan ihdas edilmistir
(Katalog No:6). Tasarimi Garrad & Co.tarafindan yapilan ve Osmanli Imparatorlugu
donemindeki nisanlardan esintiler tasiyan eser; sivil ve askeri alanda {istiin basar1 gosterenleri,
kraliyet aile mensuplarim1 ve devlete iistiin hizmette bulunanlar1 6diillendirmek amacryla
kraliyet kararnamesiyle tevcih edilmek iizere ihdas edilen bu nisan bes riitbeden olugsmaktadir:
Birinci riitbe Biiyiik Kordon, ikinci riitbe Biiyiik Subay, Uciincii riitbe Kumandan, Dérdiincii
riitbe Subay ve Besinci riitbe Sévalyedir. Inceledigimiz eser 6n yiiziinde yer alan “Elkukebii’l
Urdiini Minel Tabakate’l Evveli” ibaresinden anlasilacag iizere “Biiyiik Kordon™ sinifina ait
Birinci Derece Urdiin Nisan1 semsesidir..Yedi sube ve yedi suali olan eserin sualar1 iizerinde
yedi adet yildiz motifi yer almaktadir. Merkezinde hafif bombeli altin kaplama zemin tizerinde
dilimli seritle sonlanan gobek kisminin hemen disindaki alan yesil mine ile bezemistir. Arka
yliziinde bulunan damga; nisanin imal edildigi H. 1366 (M. 1946) tarihinde Urdiin Hagimi
Kralligi'nin Sadaret (Bagbakanlik) makaminda bulunan Osmanli kdkenli devlet adami Tevfik
el-Hiida Pasa’ya (1894-1956) isaret etmektedir.*® Ibare, nisanlarin resmi basim, dagitim ve
taltif siireclerinin Sadaret makaminin onay ve denetiminde gerceklestigini gosteren biirokratik
bir miihiir mahiyetindedir. Giimiisten iiretilmis olan ve yildiz formunda iistiin bir is¢ilige sahip
olan bu semse ilgili riitbelerde gogsiin sol tarafina takilmak iizere igneli bir mekanizma ile
donatilmistir.*’ Eser yapisal biitiinl{igiinii korumaktadir. On yiizdeki giimiis sualarda korozyon
ve kararma mevcuttur. Merkezdeki altin/yaldizl1 yazili madalyon ile etrafindaki yesil mineli
kusak saglamdir. Arka yilizde yogun korozyon ve gokkusag etkili oksitlenme goriilmektedir.

4 Urdiin Y1ldiz1 Nisan1 (Wisam al-Kawkab al-Urduni), Urdiin Emirligi'nin 2 Haziran 1949'da Hasimi Urdiin
Krallig1 olarak yeniden adlandirilmasindan kisa bir siire sonra, 22 Haziran 1949'da Kral 1. Abdullah tarafindan
babasi Mekke Serifi Hiiseyin bin Ali'nin anisina kurulmugtur. Bu adim, Britanya mandast donemi etkilerinden
bagimsiz olarak Urdiin'iin ilk tamamen yerli liyakat nisanmnin olusturulmasia isaret etmis ve 1946'daki resmi
bagimsizligin ardindan ulusal egemenligin pekistirilmesini taglandirmaya hizmet etmistir.

4 Bilge, 1988: C.15.108.

%6 Urdiin'iin 7. Bagbakan1 olarak birka¢ donem gérev yapmustir. {1k olarak 28 Eyliil 1938'den 15 Ekim 1944'e kadar
Trans Urdiin Basbakani olarak gérev yapmis, ardindan 28 Aralik 1947'den 12 Nisan 1950'ye kadar bir dsnem daha
bu gérevi siirdiirmiistiir. 25 Temmuz 1951 ile 3 Mayis 1953 ve 5 Mayis 1955 tarihleri arasinda Urdiin Basbakani
olmustur.( https:/ff.wikipedia.org/wiki/Tawfik_Abu_Al-Huda 19.05.2026).

47 Urdiin Yildiz1 Nisan1 (Arapea: Y <SS ol s Wisam al-Kawkab al-Urduni), sivil ve askeri alanda iistiin
yararlilik gdsterenleri ddiillendirmek amaciyla 1949'da Urdiin Kral1 I. Abdullah tarafindan ihdas edilmis bir devlet
nisanidir. Nisan; Biiyiik Kordon (Birinci Derece), Biiyiik Subay (ikinci Derece), Komutan (Ugiincii Derece), Subay
(Dérdiincii Derece) ve Sovalye (Besinci Derece) olmak iizere bes hiyerarsik riitbe ile bunlara bagli bir madalyadan
olusmaktadir. Bu nisan; Hasimi kraliyet ailesi liyelerine, bagbakanlara, bakanlara, iist diizey biirokratlara ve Urdiin
Kralligi’na istisnai hizmetlerde bulunan diger sahislara tevcih edilir. Daha ayrintili bilgi igin bkz.
(https://grokipedia.com/page/Order_of the Star of Jordan 18.05.2026)
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Katalog No.7

i !
(T
8.0. MUZE MD. |

Fotograf.13 On Yiiz Fotograf. 14 Arka Yiiz

e

8.0. MUZE MD.

On Yiiz Madalyon Ici: Arka Yiiz:

“Mehmed Han bin Abdiilmecid el | “Kanun-u Esasi Yadigari”
Muzaffer Daima El Gazi™“11
Temmuz”, “1324 sene”®

Miize Envanter Numarasi: 428E
Eserin Adi: Mesrutiyet Madalyasi

Tarihi ve Kokeni: Sultan V. Mehmed Resad tarafindan I1. Mesrutiyet'in ilan1 (1908) ve Kanun-
i Esasi'nin yeniden yiiriirliige girmesi anisina bastirilmistir.*

Eserin Olculeri: Y.: 107,4 mm (kurdele dahil) C.: 34,8 mm A.: 2,1 gr.
Eserin Malzemesi: Bronz
Kullanilan Teknik: Darp

Tamim ve Kompozisyon: Bu eser, II. Mesrutiyet'in ilan1 (1908) ve Kanun-i Esasi'nin yeniden
yiiriirliie girmesi amsma bastirilan Mesrutiyet Madalyasi'dir.®® Madalyanin 6n yiiziinde,

48 B.0.A DUIT 24/39 T: H. 1327 (Bu belge Sultan Resad donemine aittir.)

Mesrutiyetin ilan1 hatirasini teyiden darbi gereken madalya igin evvelce imal ettirilmis olan numunesinin sekil ve
kitas1 ve her iki tarafindaki yazilarin uygun bulunmamasi sebebiyle, bir tarafindaki Kanun-u Esasi ibaresi ile
iizerindeki Tugra altina 11 Temmuz 1324 tarihi yazilmakla beraber ibarenin iizerindeki 7 Zilhicce 1293 tarihinin
kaldirilmasi ve diger tarafinda yalniz Hiikiimet-i Mesrute-i Osmaniye ibaresi yazilip bunun altina 14 C 1326 tarihi
ile Hiirriyet, Adalet, Miisavat kelimelerinin, madalyanin kenarinda bulundurulmasi ve madalyanin kitasi biraz daha
ufaltilarak oval sekilde olarak bunlardan yeter miktarda altin, giimiis ve nikel olarak darb ve imal ettirilmesi
hakkinda rade-i Saniye. Daha ayrintili bilgi i¢in bkz. Eriireten, 2001: 5.307.

4% Bu madalyanm Sultan II. Abdiilhamid déneminde ¢ikartilmas: planlanmus, ancak tahttan indirilmesi sebebiyle
Sultan Resad doneminde hayata gegirilmistir. Ayrica bu madalya ilk defa yapilan bir uygulamayla, her isteyenin
alip talik edebilmesi igin para ile satilmistir. Bu sebepten dolay1 da taltifat amacindan saparak bir rozet kimligine
girmistir. Daha ayrintili bilgi i¢in bkz. Eriireten, 2001: s.306.

%0 Madalya, Sultan II. Abdiilhamid’in talimatiyla ilk Osmanl anayasasinin hatirasin1 yasatmak amaciyla tanzim
edilmistir. Kadinlar ve erkekler igin ayr tiirleri yapilmig ve genis halk kitlelerine ulagabilmesi i¢in gerekli ddenek
desteginde bulunulmustur. Béylece Osmanli siyasi tarihinin en 6nemli vesikalarindan birinin ilaninda padisahin
ne kadar etkili oldugu gosterilmek istenmistir. Ancak 31 Mart Hadisesi sonrasinda Sultan II. Abdiilhamid,
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birbirine kurdele ile baglanmis iki defne dali ile ¢evrelenmis; merkezde Sultan’in tugrasi yer
almaktadir. Tugra, yazilar ve defne dallar1 algak kabartma teknigi ile islenmiglerdir. Arka
yiizlinde ise devlet armas1 darpedilmistir. Madalyanin gogse takilmasini saglayan dikey serit
formundaki kurdelesi, boylamasina iki esit renk bloguna ayrilmis olup yesil ve kirmizi
renklerdedir. Kurdelenin {ist kisminda, eserin giysiye ilistirilmesi amaciyla metal bir ¢cengelli
igne yer almaktadir. Kurdele ile madalya gévdesi metal bir aski aparat1 ve bu aparata bagl
kiigiik bir halka vasitasiyla birbirine baglanmistir. Madalyanin kurdele kisminda zamana ve
kullanim kosullarina bagl olarak ciddi yipranmalar mevcuttur. Kurdelenin iist sol kdsesinde
yesil renkli dokunun liflerinde ¢6ziilme, sokiilme ve eksilme goriilmektedir. Kirmizi renkli
dokunun alt u¢ kisminda ise ipliklenmeler ve aginmalar mevcuttur. Madalyanin bronz/bakir
alasimli gdvdesinde ve ask1 aparatinda yogun kararmalar mevcuttur. Ozellikle 6n yiizdeki defne
dallarinin ve tugranin ¢ukurda kalan kisimlarinda, arka yiizde ise armanin ¢evresinde yesilimsi
oksitlenme izleri ve yer yer lekelenmeler dikkat ¢cekmektedir. Kabartma hatlarinda ise hafif
asinmalar mevcuttur.

DEGERLENDIRME

Caligmada Selguk Universite Miizesi envanterinde yer alan bir adet madalya ve alt1 adet nisan
ele alinmustir. Uzerinde yer alan ibareler ve kompozisyonlar: ile ait olduklari dénemin
ozelliklerini yansitan bu eserler, XIX. yiizy1l ile XX. yiizyila tarihlenmektedir.

Incelenen eserler arasinda Sultan Abdiilmecid donemine ait ii¢ adet Mecid-i Nisan1 (Katalog
No:1, Katalog No:4, Katalog No:5), Sultan Abdiilaziz donemine ait iki adet Nisan-1 Osmani
(Katalog No:2, Katalog No:3), Urdiin Krali I. Abdullah dénemine ait bir adet Urdiin Nisan1
Semsesi (Katalog No:6) ve Sultan V. Mehmed Resad donemine tarihlenen Derecesiz olarak
thdas1 gergeklesen Mesrutiyet Madalyas1 bulunmaktadir (Katalog No:7).

Kayd-1 hayat sartiyla ve beratla verilen nisanlarin ihdasi, ilk olarak Sultan Abdiilmecid
doneminde hayata gecirilen nizamnamelerle kurallara baglanmistir. Incelenen drneklerde bes
riitbeden olusan Mecid-i Nisanlar1 (Katalog No:1, Katalog No:4, Katalog No:5) 6n ylzlerindeki
padisah tugrasi ile “Hamiyet, Gayret, Sadakat” ibareleriyle dikkat ¢cekmektedir. Envanter
kapsaminda iki adet {igiincii derece ve bir adet besinci derece drnek incelenmistir. Kullanim
sekillerine bakildiginda; iiglincii riitbe nisanin boyun nisani oldugu (Katalog No:1, Katalog
No:5), besinci riitbe nisanin ise gdgsiin sol tarafina ilistirildigi (Katalog No:4) bilinmektedir.
Sultan Abdiilmecid doneminden sonra tahta ¢ikan diger Osmanli padisahlar tarafindan da
devam ettirilmis olan Mecid-i Nisan1 gelenegi, Osmanli Devleti’nin i¢ isleyisinde siirekli olarak
kullanilmis, ayn1 zamanda devletin uluslararasi bir itibar kazanmasina katkida bulunmustur.

Katalogda incelenen diger Osmanli donemi orneklerinden biri de devlete her tiirlii hizmet
edenlere verilmek iizere, Sultan Abdiilaziz doneminde ihdas edilen ve Dort riitbeden olusan
Nisan-1 Osmani’dir. Bu kapsamda envanterdeki eserlerden, ikinci riitbe nisan semsesi (Katalog
No:2) ile Dordiincii riitbe nisan1 (Katalog No:3) incelenmistir. Tipki Mecid-i nisan1 gibi
imparatorlugun sonuna den tahta ¢ikan padigahlar tarafindan tevcih edilmeye devam eden bu
eserler ihtiva ettikleri "Darphane-i Amire" damgast, riitbelere gére degisen form 6zellikleri ve
mineli bezemeleriyle Osmanli taltifat geleneginin seckin yansimalari olarak 6ne ¢ikmaktadir.

tahtindan indirilmistir. Yeni iktidar, madalyay1 sahiplenmek igin {izerinde ciddi degisiklikler yapmustir. ilk olarak
madalyada yer alan Birinci Mesrutiyetin ilan tarihi olan 1876 yil1 silinmis, sadece ikinci Mesrutiyetin ilan tarihi
olan 1908 yilina yer verilmistir. Bylece Kanun-1 Esasi madalyasi, hem II. Abdiilhamid devrinde hem de V.
Mehmed Resad zamaninda iktidar1 sembolize eden en dnemli enstriiman haline gelmistir. Daha ayrintili bilgi i¢in
bkz. Ozger, 2018: s.1.
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Koleksiyonda XIX. yiizyll Osmanli nigan gelenegini yansitan eserlerin yani sira, Ortadogu
Islam cografyasini temsil eden 1949 tarihli Birinci Derece Urdiin Nisam1 (Biiyiik Kordon
Semsesi) da bulunmaktadir (Katalog No:6). Biitiinciil olarak degerlendirildiginde, Osmanli
nisan ve Odillendirme kiiltiiriinlin yalnizca kendi donemi ve sinirlart i¢inde kalmadigi,
imparatorluk sonrasi kurulan ardil devletlerin devletlesme siire¢lerinde de yanki buldugu
goriilmektedir. Yeni bagimsizlik kazanan Hasimi Kralligi'nin egemenlik sembolii olarak ihdas
edilen bu eserin tasariminda Osmanli nisan estetiginin izlerinin goriilmesi, gorsel gelenegin
bolgesel etkisini korudugunu kanitlamaktadir. Bu bakimdan, miize envanterinde yer alan eser
Osmanli donemi 6rneklerinden bagimsiz ve kopuk bir parca olmaktan ziyade bélgedeki kilttrel
ve sanatsal devamlilig1 yansitarak koleksiyonun biitiinliigiinii tamamlamaktadir.

Makale kapsamindaki degerlendirmemizin son kismini, koleksiyondaki tek madalya 6rnegi
olan Mesrutiyet Madalyas1 (Katalog No:7) olusturmaktadir. Osmanli siyasi tarihindeki
calkantili anayasal rejime gegcis siirecini somutlastiran bu eser, Sultan II. Abdiilhamid’in
talimatiyla ilk Osmanli anayasasinin hatirasini yasatmak amaciyla tanzim edilmistir. Genis halk
kitlelerine ulagmasi icin gerekli 6denekler yapilmis ancak 31 Mart olay1 sonrasinda Sultan II.
Abdiilhamid, tahtindan indirilmistir. Iktidara Sultan V. Mehmed Resad’in gelmesiyle
madalyada baz1 degisikliklere gidilmistir. ®® Madalya iizerinde yapilan tarihsel ve metinsel
giincellemeler, yeni rejimin mesruiyetini vurgulama amacini tagimaktadir. Boylece Kanun-1
Esasi madalyasi, hem II. Abdiilhamid devrinde hem de V. Mehmed Resad doneminde iktidarin
guclu birer sembolu olarak yer edinmistir. Tarihsel seriiveni bu sekilde olan Kanun-i Esasi
madalyasi, yalnizca bir hatira objesi olmanin Stesinde, Osmanli Devleti’nin gegirdigi siyasal
doniisiimii ve mesrutiyet anlayisinin temsilini yansitan 6nemli bir gorsel niteligi tasimaktadir.

SONUGC

Bu ¢alismada, Konya Selcuk Universitesi Miizesi’nin teshirinde sergilenen XIX. yiizyil ile XX.
ylizyilin ilk ¢eyregine tarihlenen alti adet nisan ve bir adet madalya kapsamli bir sekilde
incelenip degerlendirilerek ilim diinyasina tanitilmistir.

Osmanli gegmisinin yaklasik iki yiiz elli y1llik donemine ait resmi simgeleri ve estetik degerleri

biinyesinde barindan madalya ve nisanlar tesrifat gelenegi agisindan 6nemli bir yer tutmaktadir.
Nitekim bu ¢alisma kapsaminda incelenen eserler, ait olduklar1 donemin siyasi ekonomik ve
sanatsal anlayisinin giliglii birer yansimasi olarak one g¢ikmaktadir. Bati etkisiyle birlikte
Osmanli Devleti’nin taltifat sistemine karakteristik olarak yerlesen bu kiymetli materyaller,
devlet burokrasisindeki kokli takdir kultirinin somut gostergeleridir.

Bu odiillendirme geleneginin tarihsel gelisiminde daha erken {iretim siirecine sahip olan
madalyalar iki tarafli olarak darbedilmis daha c¢ok tekil bir olayin hatirasi veya genel bir
basariin temsili iken; nisanlar, devlet hizmetinde yararlilik gdsteren vatandaslara verilmek
lizere hazineden ciddi biitgeler ayrilarak imal ettirilen, estetik agidan daha gosterisli, dogrudan
liyakate, riitbeye kisinin devlet icerisindeki hiyerarsik statiisiine isaret eden sistemli yap1
taglaridir. Nitekim Osmanli biirokrasisinde nisanlar, gosterilen basarinin tasnif edilmesine
imkan saglayacak sekilde belirli riitbe ve derecelere ayrilmistir.

Incelenen yedi eser, Darphane-i Amire iiretimi olmalarinin getirdigi yiiksek malzeme kalitesi
sayesinde genel hatlariyla formunu korumayr basarmistir ancak yapisal biitiinliiklerinde
meydana gelen zamana bagli yipranmalar ve giimiis kisimlarda olusan oksitlenmelerden ne
yazik ki kacamamustir. Bununla birlikte, nizamnamelerinde belirtilen orijinal aski kordonlarinin
(Katalog No: 7 hari¢) giiniimiize ulasamadigi tespit edilmistir.

51 Ozger, 2018: s.14.
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Sonug itibariyle Sultanlarin sahsi birer ihsan1 olan Atiyye-i Seniyye uygulamalari ile filizlenen
bu ddillendirme gelenegi zaman igerisinde sorgug, celenk, madalya ve nisan formlarina
biirlinerek koklii bir gelisim gostermistir. Osmanli modernlesme siirecinde devletin liyakat,
hiyerarsi ve taltif olgularina yaklagimin1 somutlastiran bu koklii anane, Milli Miicadele’nin
zaferle taglanmasi ve 1 Kasim 1922'de TBMM'nin saltanati kaldirmasinin ardindan Tiirkiye
Cumbhuriyeti'nin ilk yillarinda da bir miiddet gegerliligini siirdiirmiistiir. Ancak imparatorluk
doneminden devralinan bu taltifat sistemi, TBMM tarafindan Resmi Gazete’de 29 Kasim 1934
giinli yayimlanan 2590 sayili Efendi, Bey, Pasa Gibi Lakap ve Unvanlarin Kaldirildigina Dair
Kanun’un 2. maddesi uyarinca tamamen yiiriirliikkten kaldirilmistir. Yasanan bu tarihi ve hukuki
siirecle birlikte Osmanli taltif mekanizmalari tarihsel olarak sona ermis, s6z konusu nisanlar ve
madalyalar giiniimiizde miize koleksiyonlarinda muhafaza edilen kiymetli birer etnografik
materyal haline gelmistir.

GORSEL LISTESI
Katalog ve Envanter No. Ihdas Tarihi Gorseller
Kat No.1 Sultan ~ Abdiilmecid  tarafindan
420E- Ugiincii Derece Mecid-i | H.1268 (M.1851) yilinda ihdas
Nisani edilmigtir.
Kat No.2 Sultan Abdiilaziz tarafindan H.1278

421E- Ikinci Derece Nisan-1 Osmani | (M.1862) yilinda ihdas edilmistir.

Kat No.3 Sultan Abdiilaziz tarafindan H.1278
422E- Dordiincii Derece Nisan-1 | (M.1862) yilinda ihdas edilmistir.
Osmani

Kat No.4 Sultan ~ Abdiilmecid  tarafindan

423E- Besinci Derece Mecid-i Nisan1 | H.1268 (M.1851) yilinda ihdas
edilmistir.

Kat No.5 Sultan ~ Abdiilmecid  tarafindan

424E- Ugiincii Derece Mecid-i | H.1268 (M.1851) yilinda ihdas

Nisan1 edilmistir.

August 18-19, 2026 / Sanlurfa, Tiirkiye 25



EL RUHA 15th INTERNATIONAL CONFERENCE ON SCIENTIFIC RESEARCH

Kat No.6 Kral 1. Abdullah tarafindan 1949
427E- Birinci Derece Urdiin Nisan1 | yilinda ihdas edilmistir.

Kat No.7 Sultan V. Mehmed Resad Tarafindan
428E- Mesrutiyet Madalyasi 1908 yilinda ihdas edilmistir.
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OZET

Giris ve Amac: Geleneksel neoklasik iktisadin rasyonel insan varsayimi modern karar verici
bireylerin aldiklar1 kararlar1 agiklamakta yetersiz kalmaktadir. Bu calisma bireylerin oyun
teorisi ve deneysel iktisat baglaminda adalet, digerkamlik, giiven ve karsiliklilik gibi normlari
dikkate alarak aldiklar1 kararlar1 inceleyen entelektiiel birikimi kapsamli bir bibliometrik
analize tabi tutmay1 amaglamaktadir.

Materyal ve Yontem: Web of Science veri tabanindan elde edilen veriler dil, dokiiman tipi,
yil ve son olarak da veri tabaninin sundugu kategoriler {lizerinden bir eleme siirecinden
gecirilmistir. Bu eleme siireci sonucunda 2000 ile 2025 yillarin1 kapsayan ve 487 makaleden
olusan ¢aligmanin rafine edilmis veri tabani ikinci asamada R tabanli bibliometrix ara yiizii ile
analiz edilmistir.

Sonuglar: Literatiiriin yillik %4,79 biiylime oraniyla (Annual Scientific Production) dinamik
bir gelisim gosterdigi ve makale basina ortalama 45,02 atif diisecek (Average Citation) sekilde
giiclii bir entelektiiel yap1 kurdugu saptanmistir. Analiz kapsaminda, alana yon veren en ilgili
dergiler (Most Relevant Sources), en Uretken yazarlar (Most Relevant Authors) ve paradigma
kurucu en ¢ok atif alan ¢aligmalar (Most Cited Documents) tespit edilmistir. Kelime bulutu
(Word Cloud) ve trend topik analizi (Trend Topic) sonuglari ise ¢alisma alaninin kavramsal
doniistimiine dair bulgular1 ortaya ¢ikarmustir.

Tartisma ve Sonuc¢: Bu calisma, geleneksel ana akim iktisadin gérmezden geldigi sosyal
tercihlerin mikro iktisadi modellere hangi bicimlerde ve donemlerde entegre olduguna dair
siireci gorsellestirerek bibliometrik anlamda haritalandirmaktadir. Elde edilen bulgular,
davranigsal ve deneysel iktisat literatiirlindeki paradigma doniisiimiinii kronolojik bir
perspektifle ortaya koyarak gelecek aragtirmalar i¢in rasyonel bir yol haritas1 sunmaktadir.

Anahtar Kelimeler: Sosyal Tercihler; Oyun Teorisi; Deneysel iktisat; Bibliometrik Analiz;
Bibliometrix

ABSTRACT

Introduction and Purpose: The rational agent assumption of traditional neoclassical
economics falls short in explaining the decisions made by modern decision-makers. This study
aims to subject the intellectual literature examining individuals' decisions—based on norms
such as fairness, altruism, trust, and reciprocity within the framework of game theory and
experimental economics—to a comprehensive bibliometric analysis.
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Materials and Methods: Data retrieved from the Web of Science database underwent a
screening process based on language, document type, year, and finally, the categories provided
by the database. Consequently, a refined dataset consisting of 487 articles spanning the years
2000 to 2025 was analyzed using the R-based bibliometric interface in the second stage.

Results: The findings reveal that the literature exhibits a dynamic development with an Annual
Scientific Production growth rate of 4.79% and has established a robust intellectual structure
with an Average Citation rate of 45.02 per document. Within the scope of the analysis, the Most
Relevant Sources, Most Relevant Authors, and paradigm-setting Most Cited Documents
guiding the field were identified. Furthermore, Word Cloud and Trend Topic analysis results
uncovered the conceptual transformation of the research area.

Discussion and Conclusion: This research provides a bibliometric mapping by visualizing how
and in which periods social preferences, overlooked by traditional mainstream economics, have
been integrated into microeconomic models. The findings present a rational roadmap for future
research by outlining the paradigm shift within behavioral and experimental economics from a
chronological perspective.

Key Words: Social Preferences; Game Theory; Experimental Economics; Bibliometric
Analysis; Bibliometrix
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DAVRANISSAL FINANS VE BIiLISSEL SAPMALAR LITERATURUNUN
BiBLIOMETRIK HARITALAMASI
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OZET

Giris ve Amac: Geleneksel finans teorilerinin rasyonel yatirimci varsayimi, finansal
piyasalarda gozlemlenen anomali ve mikro diizeydeki kararlar1 agiklamakta yetersiz
kalmaktadir. Bu c¢alisma; bireysel yatirimcilarin asirt giiven (overconfidence), kayiptan
kacinma (loss aversion) ve siirii psikolojisi gibi sistematik biligsel sapmalar nedeniyle rasyonel
portfdy yonetiminden nasil uzaklastiklarini ve bu psikolojik faktorlerin varlik fiyatlama
modelleri lizerindeki etkilerini inceleyen yazini kapsamli bir bibliometrik analize tabi tutmay1
amaclamaktadir.

Materyal ve Yontem: Web of Science veri tabanindan elde edilen veriler; dil (Ingilizce),
dokiiman tipi (makale) ve kategori (Business Finance & Economics) bazli rafine edilmistir. Bu
filtreleme slireci sonucunda 2002-2025 yillarini kapsayan, 395 makaleden olusan nihai veri seti
R tabanli bibliometrix arayiizii kullanilarak analiz edilmistir.

Sonuglar: Yapilan analizler neticesinde davranissal finans ve bilissel sapmalar literatiiriiniin
yillik biiylime orani, dokiiman basina diisen ortalama atif sayilar1 ve entelektiiel yapis1 ortaya
konmustur. Analiz kapsaminda, alana yon veren en ilgili dergiler (Most Relevant Sources), en
tiretken yazarlar (Most Relevant Authors) ve paradigma kurucu en ¢ok atif alan ¢alismalar
(Most Cited Documents) tespit edilmistir. Kelime bulutu (Word Cloud) ve trend topik analizi
(Trend Topic) sonuglari ise yatirimer psikolojisinin piyasa anomalilerine etkisini inceleyen
kavramsal doniisiimii ve giincel egilimleri ortaya ¢ikarmstir.

Tartisma ve Sonug¢: Bu ¢alisma, psikolojik faktorlerin finansal piyasalardaki mikro kararlar
nasil bozdugunu inceleyen kiiresel literatiirii haritalandirarak arastirmacilara biitiinciil bir bakis
acist sunmaktadir. Elde edilen bulgular, geleneksel finans modellerinin 6tesine gegen akademik
birikimi gorsellestirmekte ve bireysel yatirimer davraniglarina yonelik daha etkin mikro piyasa
mekanizmalar tasarlamak isteyen politika yapicilar i¢in rasyonel bir yol haritas1 sunmaktadir.

Anahtar Kelimeler: Davranigsal Finans; Bilissel Sapmalar; Bireysel Yatirimei; Piyasa
Anomalileri

ABSTRACT

Introduction and Purpose: The rational investor assumption of traditional financial theories
falls short in explaining market anomalies and micro-level decisions observed in financial
markets. This study aims to subject the literature examining how individual investors deviate
from rational portfolio management due to systematic cognitive biases—such as
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overconfidence, loss aversion, and herding behavior—and how these psychological factors
disrupt asset pricing models to a comprehensive bibliometric analysis.

Materials and Methods: Data retrieved from the Web of Science database were refined based
on language (English), document type (article), and categories (Business Finance &
Economics). Consequently, a final dataset consisting of 395 articles spanning the years 2002 to
2025 was analyzed using the R-based bibliometric interface.

Results: The analyses revealed the annual growth rate, average citations per document, and the
intellectual structure of the behavioral finance and cognitive biases literature. Within the scope
of the analysis, the Most Relevant Sources, Most Relevant Authors, and paradigm-setting Most
Cited Documents guiding the field were identified. Furthermore, Word Cloud and Trend Topic
analysis results uncovered the conceptual transformation and current trends examining the
impact of investor psychology on market anomalies.

Discussion and Conclusion: This research provides a comprehensive overview for researchers
by mapping the global literature that examines how psychological factors distort micro-
decisions in financial markets. The findings visualize the academic accumulation that goes
beyond traditional finance models and offer a rational roadmap for policymakers aiming to
design more effective micro-market mechanisms for individual investor behavior.

Key Words: Behavioral Finance; Cognitive Biases; Individual Investor; Market Anomalies
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ABSTRACT

Cissus quadrangularis (CQ) is an abundant natural plant category in Southern India. When the
finely divided CQ modified with citric acid (CA-CQ), the resulted activated CA-CQ material
showed enhanced adsorption capacity to the metals. Therefore, a continuous fixed -bed column
method was designed to analyze the evacuation of Cd*2 and Pb*2 ions with the aid of innocuous
material CA-CQ from wastewater. The quantification of effluent utlised the developed reliable
spectrophotometric methods based on the measurement of complexes of Cd(Il) with alizarin
red S and Pb(l1) with xylenol orange at 575 and 590 nm, respectively. The proposed methods
have been validated for linearity, reproducibility and applicability. The stoichiometry between
metal and ligands were found as 1:2 and 1:1 in Cd(Il) and Pb(Il) quantification, respectively.
In the removal of these heavy metals, the optimal CA-CQ dose, influent concentration, flow
rate, pH, temperature and contact time were determined. The upper concentrations of Cd (II)
and Pb (Il) removed in this approach are 3500 and 600 pg/mL, respectively, at the
corresponding effective pHs of 4 -5 and 6-7. Zero charge pHs of CA-CQ in both cases were
also found. Thermodynamic and adsorption isotherm studies were performed. The column
elution mode found fit well the Thomas, Adams-Bohart and Yoon-Nelson models in both cases.
Since the results showed greater selectivity to remove Cd (Il) and Pb (II) from water, these
procedures can be adapted in industrial and water purification plants.

Keywords: Spectrophotometry, Pb*2 and Cd*2 removal, CA-CQ adsorbent, Xylenol orange,
Alizarin red S, fixed bed column
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STUDENT SATISFACTION WITH THE CHOSEN FIELD OF STUDY:
DECISIONAL AUTONOMY, ACADEMIC SELF-ESTEEM AND TEACHING
QUALITY

Bogdan N. Mucea
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Social Sciences, Alba lulia, Romania.

ABSTRACT

The choice of an academic specialisation carries lasting consequences for young people's
professional trajectories and psychological well-being, and satisfaction with that choice is a
central indicator of the quality of the academic experience. This study examines the level of
satisfaction with the chosen specialisation among undergraduates at the “1 Decembrie 1918”
University of Alba lulia (UAB), Romania, and tests its associations with decisional autonomy,
year of study, academic self-esteem, perceived employability and perceived teaching quality.
A quantitative, cross-sectional survey design was employed, with a structured online
questionnaire completed by 148 undergraduate students. Beyond bivariate non-parametric tests
(Spearman correlations, Kruskal-Wallis, Mann—Whitney, chi-square and Wilcoxon tests), the
analytical strategy was extended with reliability analysis (Cronbach's alpha and McDonald's
omega), exploratory factor analysis, hierarchical multiple regression with an ordinal logistic
robustness check, and a bootstrapped mediation analysis. Overall satisfaction was high (M =
4.07 on a five-point scale) and correlated significantly with the intention to work in the field (p
=.490), perceived autonomy of choice (p =.391), academic self-esteem (p = .622), perceived
employability (p = .594) and teaching quality (p = .648), all p < .001. In the hierarchical
regression, internal and contextual factors together explained 60.6% of the variance in
satisfaction, with perceived teaching quality (f = .45) and perceived employability (f =.27) the
strongest unique predictors, followed by decisional autonomy (f = .19). Satisfaction fully
mediated the relationship between teaching quality and the intention to work in the field
(indirect effect = 0.39, 95% bootstrap CI [0.22, 0.60]). Decisional pressure and year of study
showed no robust associations with satisfaction. The findings support a multidimensional
conceptualisation of academic satisfaction and offer an evidence base for institutional
interventions in career counselling, teaching quality and university—labour-market linkages.

Keywords: academic satisfaction; decisional autonomy; self-esteem; perceived employability;
teaching quality; higher education.

August 18-19, 2026 / Sanlrfa, Tiirkiye 33



EL RUHA 15th INTERNATIONAL CONFERENCE ON SCIENTIFIC RESEARCH

BEYOND EMPLOYMENT OPPORTUNITIES: OUTSOURCING, GRADUATE
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ABSTRACT

Global outsourcing by multinational corporations (MNCs) has expanded employment
opportunities while simultaneously generating new forms of precarity among entry-level
workers. Although extensive research has examined labour flexibilisation and emotional labour
in outsourced workplaces, less attention has been paid to how outsourced employment shapes
university-to-work transitions and work-family balance in post-communist contexts. Focusing
on Romania's digitalised customer service sector, this ethnographic study investigates how
young graduates navigate the transition from higher education to outsourced employment and
its implications for their well-being and family lives. Drawing on ethnographic fieldwork,
including semi-structured interviews and participatory observation, and analysed through a
critical realist framework, the study reveals a persistent mismatch between workers' educational
qualifications and routine job demands. The findings demonstrate how algorithmic performance
monitoring, emotional labour requirements, and intensive productivity targets combine to
intensify workplace pressure, contributing to burnout, career uncertainty, and turnover
intentions. These labour processes extend beyond the workplace, disrupting the work-family
balance and raising ethical concerns regarding privacy, consent, and managerial surveillance.
Despite these constraints, workers actively develop coping and resistance strategies that
challenge managerial control and negotiate alternative pathways to sustain their personal well-
being and career aspirations. By examining the intersection of outsourcing, university-to-work
transitions, and work-family balance, this study advances labour process debates by
demonstrating how algorithmic forms of control simultaneously constrain workers while
creating spaces for agency and resistance. These findings highlight the need for organisational
policies that promote sustainable careers, safeguard employee well-being, and support family
friendly work environments in the context of the digital outsourcing economy.

Keywords: Outsourcing; university-to-work transition; work-family balance; emotional
labour; algorithmic management
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ABSTRACT

Aerodynamic shape optimization of transonic supercritical airfoil traditionally requires
computationally expensive parametric studies, motivating the development of automated, low-
cost frameworks capable of efficiently exploring the design space. This paper presents an
integrated computational framework that couples Class/Shape Transformation (CST) geometry
parameterization with the open-source Reynolds-Averaged Navier—Stokes (RANS) solver SU2
for automated generation and aerodynamic evaluation of transonic supercritical airfoil variants.
The RAE2822 airfoil is adopted as the baseline configuration and evaluated at under the
AGARD Case 9 conditions (Ma =0.73, Re = 6.5 x 10°, a = 3.19°), geometrically valid airfoil
variants are generated through systematic perturbation of the CST parameters and automatically
evaluated using the SST k—o turbulence model. The framework is first validated against the
experimental pressure coefficient data reported for AGARD Case 9, showing good agreement
and a reasonable prediction of the upper-surface shock location. The integrated framework
completes the evaluation of each variant in approximately 440 CPU-minutes, demonstrating
computational efficiency suitable for rapid design exploration. Among the investigated
configurations, Variant 07 provides the highest lift-to-drag ratio (L/D = 65.20), representing a
69.30 % improvement compare to the baseline RAE2822 (L/D = 38.51). The results
demonstrate the capability of the proposed CST-SU2 framework to automate transonic airfoil
generation and aerodynamic evaluation, providing a practical basis for more advanced multi-
objective and higher-fidelity optimization studies.

Keywords: CST geometry parameterization, SU2 RANS solver, transonic airfoil optimization,
RAE2822, Computational Fluid Dynamics

OZET
Transonik siiperkritik kanat profillerinin aerodinamik sekil optimizasyonu geleneksel olarak
yiiksek hesaplama maliyetli parametrik caligmalar gerektirmekte, bu durum tasarim uzayini
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verimli bi¢cimde tarayabilen otomatik ve diisiik maliyetli altyapr gelistirilmesini
amaclamaktadir. Bu caligma; transonik stliperkritik kanat profili varyantlarinin otomatik tiretimi
ve aerodinamik degerlendirmesi amaciyla Sinif/Sekil Fonksiyonu Doniigiimii (CST) geometri
parametrizasyonunu agik kaynakli Reynolds Ortalamali Navier—Stokes (RANS) ¢6ziiciisi SU2
ile birlestiren entegre bir hesaplamali altyap1 sunmaktadir. Temel geometri olarak RAE2822
kanat profili se¢ilmis ve AGARD Case 9 kosullarinda (Ma = 0.73, Re = 6.5 x 10°, o= 3.19°)
incelenmistir; CST parametrelerinin sistematik pertiirbasyonu yoluyla geometrik olarak gegerli
kanat profili varyantlar tiiretilmis ve SST k—o tiirbiilans modeli kullanilarak otomatik olarak
cozlimlenmistir. Gelistirilen altyapi, dncelikle AGARD Case 9 i¢in raporlanan deneysel basing
katsayis1 verileriyle dogrulanmis; sonuglar deney verileriyle giiclii bir uyum sergilemis ve tist
ylizey sok dalgasi konumunu basarili bir sekilde tahmin etmistir. Entegre ¢erceve, her bir
varyantin analizini yaklasik 440 CPU-dakikada tamamlayarak hizli tasarim arastirmalarina
elverisli bir hesaplama verimliligi ortaya koymaktadir. Incelenen konfigiirasyonlar arasinda
Varyant 07, temel RAE2822 profiline (L/D = 38.51) kiyasla %69.30'luk bir artis gostererek en
yuksek tasima/siiriikleme oranimni (L/D = 65.20) elde etmistir. Elde edilen bulgular, 6nerilen
CST-SU2 c¢ergevesinin transonik kanat profili iiretimini ve aerodinamik degerlendirmesini
otomatiklestirme potansiyelini ortaya koymakta; daha kapsamli ¢ok amagli ve yiiksek
dogruluklu optimizasyon ¢alismalar1 i¢in uygulanabilir bir temel olusturmaktadir.

Anahtar Kelimeler: CST geometri parametrizasyonu, SU2 RANS ¢06zuclsu, transonik kanat
profili optimizasyonu, RAE2822, Hesaplamal1 Akiskanlar Dinamigi

INTRODUCTION

Transonic aerodynamic design presents one of the most technically demanding challenges in
aerospace engineering. Commercial transport aircraft operating at cruise Mach numbers
between 0.70 and 0.85 encounter a mixed subsonic supersonic flow environment in which small
perturbations to the airfoil cross-section geometry can produce large changes in wave drag,
shock location, and turbulent boundary-layer development. The aerodynamic efficiency at these
conditions is therefore highly sensitive to the precise shaping of the airfoil upper and lower
surfaces. The supercritical airfoil concept, introduced by Whitcomb and Clark (Whitcomb &
Clark, 1965), addressed this sensitivity by deliberately reshaping the upper surface to distribute
the chordwise loading more uniformly, thereby weakening the terminating shock and reducing
the associated wave drag. One of the most popular supercritical airfoil which is the Royal
Aircraft Establishment (RAE) 2822 airfoil is a representative example of this design philosophy
and has been extensively used in transonic aerodynamic research (Cook et al., 1977). Its well-
documented experimental pressure distributions under various transonic flow conditions make
it a widely adopted benchmark for validating RANS-based numerical simulations.

On the other hand, parametric geometry representations provide a systematic mathematical
basis for the generation of controlled shape variants and for the formulation of aerodynamic
shape optimization problems. The Class/Shape Transformation (CST) method introduced by
Kulfan and Bussoletti (Kulfan & Bussoletti, 2006) and subsequently formalized by Kulfan
(Kulfan, 2008) has been widely adopted for aerodynamic shape parameterization due to its
smooth Bernstein polynomial basis functions, compact coefficient representation, and ability to
provide direct control over leading and trailing edge geometries. For this reason, the CST
method is well suited to supercritical airfoil design because its basis functions naturally span
the design space of rounded-leading-edge, at-upper-surface, rear-loaded profiles with a small
set of design variables. After that, the wing profile, whose geometry has been modified using
CST, must be analysed using a Reynolds-Averaged Navier Stokes (RANS) solver. RANS
solvers provide the physical fidelity needed for credible transonic flow predictions, capturing
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the coupled effects of compressibility, shock formation, and turbulent boundary-layer response.
To achieve this, the open-source SU2 framework (Economon et al., 2016; Alonso et al., 2013),
originally developed at Stanford University, is employed, offering a computational efficiency
and high aerodynamic fidelity. It is a finite-volume RANS solver with an established validation
record for external transonic aerodynamics, including the RAE2822 airfoil.

Although CST-based parameterization and SU2 have been widely established as effective tools
for aerodynamic design and simulation, their integration into a fully automated workflow
remains comparatively limited. In particular, there is a practical gap in frameworks that
seamlessly connect geometry generation, geometric validity screening, mesh construction,
RANS simulation, and quantitative post-processing within a single reproducible workflow.
Furthermore, existing aerodynamic shape optimization and flow evaluation studies typically
embed geometry parameterization within gradient-based (Jameson, 1988), evolutionary
(Masters et al., 2017), surrogate-based robust design frameworks (Celik, 2026), as well as data-
driven flow analysis approaches (Manolesos et al., 2026). These methodologies are well suited
to complex design problems involving flow separation, multiple design objectives, and
extensive design-space exploration, but their iterative nature can result in substantial
computational requirements. In this context, a lightweight, scripted framework that enables
traceable evaluation of a curated set of geometric variants offers complementary value for early-
stage design exploration, academic research, and rapid concept screening.

The present paper addresses this gap by developing, validating, and demonstrating an integrated
in-house CST-SU2 framework for the automated aerodynamic evaluation of transonic
supercritical airfoil variants. The RAE2822 airfoil under AGARD Case 9 conditions serves as
the baseline. A set of 50 geometric variants is generated through systematic perturbation of CST
coefficients, screened for geometric validity, and evaluated by SU2 RANS simulation. The
resulting aerodynamic performance is quantified and ranked, with the best-performing variant
subsequently examined in greater detail. The study is intended as a proof-of-concept
demonstration of the proposed automated framework and as a preliminary assessment of CST-
generated transonic airfoil variants, rather than as a comprehensive optimization study.

The specific objectives of this study are to: (i) represent the RAE2822 baseline using CST
parameterization and assess the accuracy of the resulting geometric representation; (ii) define a
structured design space through controlled perturbation of the CST coefficients and generate a
set of candidate airfoil variants; (iii) validate the SU2 RANS simulations against the
experimental data for AGARD Case 9; (iv) evaluate and rank the generated variants based on
their lift-to-drag ratios; and (v) examine the aerodynamic characteristics of the best-performing
variant, with particular emphasis on its surface pressure distribution and shock behaviour.

METHODOLOGY
CST Parameterization

The Class/Shape Transformation (CST) method parametrizes an airfoil surface in normalized
coordinates ¥ =x/c, where i ranges from 0 to 1 and { =z/c through the product of a class
function and a shape function, supplemented by a trailing edge thickness term:

(@) = CP)S@) + Plrg, Y=x/c (1)

where C(y)is the class function, S(1) is the shape function, and {7 is the normalised trailing
edge half thickness. The class function enforces the fundamental geometric character of the
cross-section:
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COp) = PM (L =PV W) = ) ABin(W) )
i=0

where N; = 0.5 and N, = 1.0 for a standard rounded-leading-edge airfoil. The exponent N; =
0.5 produces the square root leading edge geometry characteristic of a finite leading-edge
radius, while N, = 1.0 enforces a finite trailing-edge angle. The shape function S(y) is a linear
combination of Bernstein polynomial basis function B; ,, (1) of degree n:
n . ,
Bin) = () ¥’ - )~ (3)
where A; are the CST shape coefficients the design variables for the parameterization. In the

present study, Bernstein polynomials of order n = 8 are used independently for the upper and
lower surfaces, yielding (n + 1) coefficients per surface and 2(n + 1) = 18 coefficient in total.

The upper- and lower-surface CST coefficients for the RAE 2822 baseline are determined by
constrained least-squares fitting to the digitized coordinate data. Fitting accuracy is quantified
by the root-mean-square residual:

1 2
s = |57 2, (657 = ) @
j=1

M
where M is the number of reference coordinate stations. A fitting residual of ez, < 107% is
required before the baseline coefficient vector is used as the centre of the design space.

Framework Architecture

The integrated CST-SU2 framework is implemented entirely in Python 3.13.14 and comprises
six sequential modules whose data flow is illustrated below and shown in Figure 1.

Module 1 Geometry Ingestion: The RAE 2822 coordinate data are read from a formatted ASCII
file in Selig format (upper surface from trailing edge to leading edge, then lower surface).
Completeness, ordering convention, and trailing-edge closure are verified automatically.

Module 2 CST Fitting: The baseline airfoil is decomposed into upper and lower surfaces and
fitted independently using the CST formulation. The resulting coefficient vectors A,,., and

Ajower SETVe as the centre of the variant design space.

Module 3 Variant Generation: CST coefficients are perturbed within the bounds listed in Table
1, using Uniform Random Sampling to produce 50 candidate variant geometries. Each
candidate's surface coordinates are reconstructed at 9 uniformly distributed chordwise stations
per surface.

Module 4 Geometric Validity Screening: Each candidate variant is subjected to a five-fold
evaluation process: upper and lower surfaces must not exhibit self-intersection; the leading-
edge radius R, must remain above a prescribed lower bound relative to the baseline leading-
edge radius Rk pase the maximum thickness ratio t/c must not exceed a specified upper
threshold in comparison to the baseline thickness ratio t/cpqs., the trailing-edge closure
parameter A{;r must fall within an acceptable limiting margin and the upper surface must show
no unphysical curvature reversals along the designated spatial domain. Variants failing to
satisfy any of these criteria are rejected.
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Module 5 Mesh Generation: Accepted variants are meshed using Gmsh meshing tool with a O-
type domain shape. All domain dimensions, mesh growth parameters, and surface point
distributions are held constant across all variants to ensure a controlled aerodynamic
comparison.

Module 6 SU2-RANS Evaluation and Post-processing: SU2 is invoked by Python subprocess
for each accepted variant. Upon convergence, the framework extracts lift coefficient (C,), drag
coefficient (Cp) and lift-to-drag ratios (L/D) from the SU2 output, generates surface pressure
coefficient (C,) distributions, and writes volume data for Mach-number contour visualization.
All results are collated in a structured performance table and ranked by L/D ratio.

B l G 4. . Accepted 6.
o alinia cer CST Cosfficient 5:{:‘;{;” Mesh SU2 RANS Post- processmg
Ingestion Titting Perturbation Screening Generation Simulation & Ranking

paldaleoy

RejecLed

Varianls

Figure 1: Data flow of the CST-SU2 framework code
Baseline Airfoil and Variant Generation

The RAE 2822 is a 12.1%-thick transonic research airfoil developed at the Royal Aircraft
Establishment and fully documented in the AGARD AR-138 report (Bartels, 1998). Its
supercritical design characteristics a near-flat upper surface, a rounded leading edge, and a rear-
loaded camber distribution have made it the canonical benchmark for RANS-based transonic
airfoil validation. The AGARD Case 9 flow conditions (Ma = 0.730, Re = 6.5x108, a. = 3.19°)
produce a well-defined transonic flow with a distinct upper-surface shock and are accompanied
by experimentally measured surface pressure coefficients (Cook et al., 1977; Bartels, 1998).

The RAE 2822 coordinate data used in the present study are sourced from AGARD AR-138
(Bartels, 1998). CST fitting with Bernstein order n = 8 yields baseline coefficient vectors
Aypper and Ajoyer listed in Table 1. The fitting residuals are egpe . = 2.1x107° and efgy'¢" =
5.03x10~5, confirming accurate geometric representation. Geometric variants are produced by
independent additive perturbation of each coefficient:

APV = APOSC + §A;, 5A; € [6ATM", 6AT] (5)

where the bounds, shown in Table 1, are chosen to maintain a physically reasonable
supercritical shape. A total of 50 candidate variants are generated and all geometric validity
checks and carried forward to Computational Fluid Dynamics (CFD) evaluation. The
reconstructed baseline geometry and the family of accepted variant airfoils are shown in Figure
2.
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Table 1: CST coefficient bounds and Bernstein polynomial order used for variant generation.
Baseline values are obtained from least-squares fitting of the RAE 2822 coordinate data.

Surface Bernstein _Coeffi_cient Baseline Lower Upper Perturbation
Order n index i Value A; bound bound range +
Upper 8 0 0.1285 0.0925 0.1645 0.0360
Upper 8 1 0.1249 0.0913 0.1585 0.0336
Upper 8 2 0.1778 0.1488 0.2067 0.0289
Upper 8 3 0.1158 0.0901 0.1414 0.0257
Upper 8 4 0.2182 0.1935 0.2429 0.0247
Upper 8 5 0.1740 0.1484 0.1997 0.0257
Upper 8 6 0.1992 0.1703 0.2282 0.0289
Upper 8 7 0.1892 0.1556 0.2228 0.0336
Upper 8 8 0.2091 0.1731 0.2451 0.0360
Lower 8 0 -0.1280 -0.1640 -0.0920 0.0360
Lower 8 1 -0.1420 -0.1756 -0.1084 0.0336
Lower 8 2 -0.1362 -0.1651 -0.1072 0.0289
Lower 8 3 -0.1578 -0.1835 -0.1321 0.0257
Lower 8 4 -0.2433 -0.2679 -0.2186 0.0247
Lower 8 5 -0.0290 -0.0546 -0.0033 0.0257
Lower 8 6 -0.1431 -0.1721 -0.1142 0.0289
Lower 8 7 -0.0192 -0.0528 0.0144 0.0336
Lower 8 8 0.0556 0.0196 0.0916 0.0360
(a) CST fitting of the RAE 2822 baseline — ez’ =[2.095931e — 05], efe" =[5.033668e — 05]
S o
0.10 1
0.05 1
< 0.00
~0.05
-0.101
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(b) Overlay of 50 accepted variant airfoils on the RAE 2822 baseline

Il Baseline Airfoil
0.15 Accepted variants
0.10 1
0.05
o
5 0.00 < : }
~0.05
-0.10 4
-0.15
0.0 0.2 0.4 0.6 0.8 1.0
xi/c
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0.06 A 0.04 1
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0.02
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Figure 2: (a) CST reconstruction of the RAE2822 baseline airfoil overlaid on the original
coordinate data, (b) overlay of all 50 geometrically accepted variant airfoils on the RAE2822

Numeric Setup

Steady-state compressible RANS simulations are performed using SU2. The flow conditions
corresponding to AGARD Case 9 are: Ma = 0.730, Re = 6.5 x 105, o = 3.19°, and freestream
temperature T = 293.15 K. Turbulence is modelled using SST k-o two-equation closure
(Menter, 1994). The convective fluxes are discretized with the Roe flux-difference splitting
scheme using third-order MUSCL reconstruction. Gradients are computed by the Green-Gauss
method. Time integration uses implicit Euler with a CFL number of 1, ramped from 10 to 0.1
by adaptive stepping. The computational domain is a O-type structured mesh with the far-field
boundary located 100 chord lengths from the airfoil. Key parameters for the production mesh
are summarized in Table 2. Convergence is declared when the density residual has decreased
by 3 orders of magnitude and the change in C;, and C, over the final 12000 iterations falls below
108, A no-slip adiabatic wall boundary condition is applied at the airfoil surface; a Riemann-
invariant far-field condition is applied at the outer boundary. All SU2 configuration parameters
are held constant across all evaluated variants to ensure a controlled aerodynamic comparison.

Solver Validation

Prior to variant evaluation, the SU2 RANS configuration is validated against AGARD Case 9
experimental data for the RAE 2822 baseline. Validation proceeds in two steps: a mesh
independence study and a surface pressure coefficient comparison.

In the mesh independence study, five mesh levels (coarse, medium-coarse, medium, fine and
extra fine) are evaluated for the RAE 2822 baseline at AGARD Case 9 conditions. The integral
aerodynamic coefficients result is listed in Table 2. The fine mesh is selected for all variant
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evaluations as the optimal balance between numerical accuracy and computational cost, on the
basis that the change in C; and Cj, relative to the extra fine mesh is within 0.001% and 0.118%
respectively.

Table 2: Mesh independence study for the RAE 2822 baseline at AGARD Case 9 conditions
(Ma =0.730, Re = 6.5x10°, o = 3.19°)

Mesh Cells ;‘;g:ze E:lzsgt}_lia(y;; * CL Co
Coarse 143049 250 5x10° 1.70 0.84575 0.02212
Medium-Coarse 258599 500 5% 10 1.43 0.84595 0.02203
Medium 423205 750 5x10° 1.21 0.84542 0.02197
Fine 762907 1000 5% 10 0.99 0.84493 0.02193
Extra Fine 1869897 1500 5x10°¢ 0.87 0.84494 0.02191

To assess the predictive accuracy of the current numerical framework, the computed surface
pressure coefficient distribution C, for the baseline RAE 2822 airfoil is benchmarked against

the established experimental data reported. (Cook et al., 1977; Bartels, 1998) as illustrated in
Figure 3.

RAE 2822 — AGARD Case 9 (M, =0.730,Re=6.5x10%a=3.19°)

Shock
x/c=0.531

-0.5 1

Co

0.0

.....

0.5 1

1.0

= SU2 RANS Solver
O Experimental Study

0.0 0.2 0.4 0.6 0.8 1.0
Xx/c

Figure 3: Surface pressure coefficient distribution on the baseline RAE2822 at AGARD Case
9 conditions (Ma = 0.730, Re = 6.5x10°, 0. = 3.19°)

The comparison presented in Figure 3 demonstrates that the SU2 RANS solver accurately
captures the experimental pressure distribution, including the leading-edge suction peak, the
lower-surface loading, and the shock position at approximately x/c = 0.531. Minor
discrepancies in post-shock pressure recovery remain well within acceptable numerical and
experimental tolerances. Synthesizing these local flow features with the mesh independence
results in Table 2 confirms that the fine mesh configuration achieves an optimal balance of
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accuracy y* < 1 and computational efficiency. Thus, the numerical setup provides sufficient
confidence and fidelity to serve as the baseline for all further aerodynamic investigations.

RESULTS
Workflow Demonstration

The integrated CST-SU2 framework was exercised for the RAE 2822 baseline and 50 candidate
variants. The CST fitting of the baseline at Bernstein order n = 8 yielded fitting residuals of
Epme = 2.1x107%and efgy¢" = 5.03x107°, confirming accurate geometric representation.
The reconstructed baseline and the family of accepted variant geometries demonstrate that all
accepted shapes remain within a physically plausible design space while exhibiting controlled
geometric diversity.

A representative convergence history shows that the density residual decreases by 3 orders of
magnitude over 12000 iterations, and both C; and C, reach stable asymptotic values within
approximately 10000 iterations. This convergence behaviour is representative of all accepted
variants. The total wall-clock time per variant include mesh generation and CFD evaluation is
approximately 440 CPU-minutes.

—— Density residual
10-2 4 ---- Convergence threshold

[10l|rus residual

1077

1.0 4

0.8 4

0.6 4

Ca |

0.0 4

T T T T T
0 2000 4000 6000 8000 10000
lteration

Figure 4: Convergence history of a representative Variant 07 at AGARD Case 9 conditions.
Upper panel: density residual normalized by its initial value (logl0 scale). Lower panel:
evolution of lift coefficient C. (left axis, blue line) and drag coefficient Cp (right axis, orange
line) with iteration count

Variant Performance Summary

The integral aerodynamic coefficients and lift-to-drag ratios for the baseline RAE 2822 airfoil
and representative CST-generated variants are summarized in Table 3. Under AGARD Case 9
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conditions, the baseline airfoil yields €, = 0.845, C,= 0.022 and L/D=38.513. Across the entire
screening set of 50 evaluated variants, the aerodynamic coefficients span broad intervals, with
C, ranging from 0.74 to 0.90, C,, from 0.013 to 0.031, and L/D from 25.2 to 65.2. As detailed
in the table, the majority of the perturbed geometries outperform the baseline configuration,
demonstrating the capability of the CST perturbation framework to explore favourable regions
of the design space effectively. In particular, Variant 07 achieves the peak aerodynamic
efficiency with an L/D of 65.204, corresponding to a 69.30% enhancement over the baseline
configuration. This substantial gain is primarily driven by a sharp reduction in total drag from
Cp = 0.022 to 0.013 , accompanied by a slight increase in the lift coefficient (C, = 0.854).

Table 3: Integral aerodynamic coefficients of all variants and the RAE 2822 baseline at
AGARD Case 9 conditions (Ma = 0.730, Re = 6.5x10°, a = 3.19°)

VariantID C. Co L/D L/Dnorm AL/D (%)
Baseline 0.845 0.022 38.513 1.000 0.00
VariantOl  0.777 0.031 25.281 0.656 -34.36
Variant02 0.880 0.022 40.869 1.061 6.12
Variant0O4  0.839 0.028 29.698 0.771 -22.89
Variant06  0.762 0.027 28.205 0.732 -26.76
Variant07  0.854 0.013 65.204 1.693 69.30
Variant09  0.860 0.017 50.279 1.305 30.55
Variantl0  0.824 0.023 36.019 0.935 -6.48
Variantl4  0.871 0.021 42.083 1.093 9.27
Variantl5  0.858 0.021 41.407 1.075 7.51
Variantl7  0.874 0.021 42.460 1.102 10.25
Variant20  0.829 0.021 39.510 1.026 2.59
Variant21  0.794 0.020 39.505 1.026 2.57
Variant24  0.859 0.020 43.293 1.124 12.41
Variant33  0.773 0.024 32.901 0.854 -14.57
Variant36  0.816 0.030 27.129 0.704 -29.56
Variant37  0.826 0.021 39.741 1.032 3.19
Variant40  0.886 0.017 51.657 1.341 34.13
Variant4l  0.879 0.023 37.868 0.983 -1.68
Variant42  0.863 0.020 43.495 1.129 12.94
Variantd5  0.854 0.019 43.852 1.139 13.86
Variant49  0.831 0.018 46.019 1.195 19.49

To better visualize these performance variations, Figure 5 presents the ranked distribution of
normalized lift-to-drag ratios (L/D,,,,m ) relative to the baseline (indicated by the dashed
reference line at 1.0). The comparative graph shows the lift-to-drag ratio of randomly selected
geometries, including the worst and best performing variants relative to the baseline RAE2822
airfoil. Among all configurations, Variant 07 achieves the highest aerodynamic efficiency
(L/D = 65.204 and L/D,ym = 1.693), representing a 69.30% improvement over the

August 18-19, 2026 / Sanlrfa, Tiirkiye 44



EL RUHA 15th INTERNATIONAL CONFERENCE ON SCIENTIFIC RESEARCH

baseline. This remarkable enhancement is primarily driven by a substantial drag reduction to
Cp = 0.022 while sustaining an elevated lift coefficient of C;, = 0.854.
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Figure 5: Lift-to-drag ratio of selected variant normalized by the baseline L/D (L/Dnorm=1.0,
dashed reference line)

Best Variant and Baseline Comparison

A comprehensive comparison between the baseline RAE 2822 airfoil and the Variant 07 is
presented in Table 4 and Figure 6. Under identical AGARD Case 9 flow conditions, Variant 07
demonstrates a substantial aerodynamic enhancement, marked by a significant reduction in drag
and an improved lift-to-drag ratio.
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Table 4: Detailed aerodynamic comparison of the best variant (Variant 07) against the RAE
2822 baseline at AGARD Case 9 conditions

Quantity Baseline Airfoil Variant07 Airfoil Relative (A)%
CL 0.845 0.854 +1.08%
Co 0.022 0.013 -40.30%
L/D 38.513 65.204 +96.30%
Shock location (x/c) 0.531 0.581 -
Max. Suction (=C,) 1.141 1.143 -

Shock behaviour: The surface C, comparison reveals that Variant 07 exhibits a weaker
terminating shock at approximately x/c = 0.581 compared with the baseline shock at x/c = 0.531
approximately. A rearward shift in shock location is associated with a smaller supersonic pocket
over the upper surface, which in turn affects wave drag and the total pressure-drag coefficient.

Suction peak: The upper-surface suction peak of Variant 07 at approximately x/c = 0.581 is
reduced relative to the baseline, consistent with the higher C, of this variant.

Pressure recovery: The post-shock pressure recovery and associated boundary layer stability
dictate the susceptibility to trailing-edge separation. Similar flow separation mechanisms and
their mitigation through passive surface modifications or controlled contour tailoring have been
extensively studied across various thick and modified aerodynamic bodies (Manolesos et al.,
2026; Celik, 2026), highlighting the critical sensitivity of rear-loading and surface curvature to
overall aerodynamic drag.

Mach contours: The Mach number contours in Figure 6b provide insight into the substantial
drag reduction achieved by Variant 07. While the baseline airfoil generates a strong normal
shock on the upper surface accompanied by noticeable post-shock boundary layer thickening,
Variant 07 considerably weakens and extend the shock structure. This shock mitigation directly
suppresses wave drag and minimizes boundary layer losses, accounting for the remarkable
improvement in the lift-to-drag ratio.

RAE 2822 — AGARD Case 9 (M. =0.730,Re=6.5x10°%a=3.19")
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Figure 6: (a) Surface pressure coefficient distributions (b) Mach-number contour comparison;
left: baseline; right: Variant 07

CONCLUSIONS AND FUTURE WORK

An integrated CST-SU2 computational framework has been developed and demonstrated for
the rapid aerodynamic evaluation of transonic supercritical airfoil variants. The framework
automates the complete evaluation workflow CST-based geometry generation, geometric
validity screening, structured mesh construction, SU2 RANS simulation, and performance post-
processing enabling systematic and reproducible evaluation of variant design spaces with
minimal effort.

The RAE 2822 baseline airfoil is accurately represented by the CST parameterization with
Bernstein polynomial order n = 8, yielding fitting residuals of epie = 2.1x1075 and e}y =
5.03x1075. The parameterization supports a geometrically diverse variant set while preserving
the supercritical character of all candidate airfoils. For the numerical simulations, the SU2
RANS solver, coupled with the SST SST k-o two-equation turbulence model, successfully
captures the experimental surface pressure coefficient distribution of the AGARD Case 9
benchmark. In the assessment carried out following numerical analyses, the strong quantitative
alignment achieved with the experimental data confirms the reliability of the present numerical
setup, yielding predictions fully consistent with established RANS literature.

In this study, among 50 variants, 38 variants produce L/D values exceeding the baseline. The
best-performing candidate, Variant 07, achieves a 69.30% improvement in L/D driven
primarily by a reduction in wave drag (0.022 to 0.0130). The integrated framework completes
the full evaluation of all variants in approximately 440 CPU-minutes, demonstrating the
practical efficiency of the approach for early-stage design-space exploration.

Future work will focus on extending the proposed framework in several directions. First,
integrating the SU2 adjoint solver will enable efficient, gradient-based aerodynamic shape
optimization within the combined computational framework. Second, the formulation will be
expanded to multi-point design evaluations across varying Mach numbers and angles of attack
to enhance off-design aerodynamic robustness. Finally, the methodology will be generalized to
three-dimensional wing geometries by applying CST parameterization across spanwise Cross-
sections.
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ABSTRACT

This study presents a comparative analysis of integer-order and fractional-order control
strategies for tip position tracking of a single-link flexible manipulator. The plant is reproduced
from the sixth-order model of Pal et al., including the rigid-body contribution and the first two
flexible vibration modes. Five controller configurations are investigated: an automatically tuned
filtered PID controller, a Particle Swarm Optimization (PSO)-based PIDF controller, a PSO-
tuned fractional-order PID controller, and robust PSO redesigns of the PIDF and FOPID
structures. The fractional operators of the PIADp structure are implemented through the
Oustaloup recursive approximation over a specified frequency range.

The optimization objective combines integral time absolute error, root mean square error,
overshoot, and settling time in order to improve tracking performance while reducing residual
oscillations. The controllers are evaluated using step, ramp, and raised-cosine reference
trajectories. In addition, fractional state-space behavior is simulated using the Grunwald-
Letnikov approximation, and stability is examined using Lyapunov verification and Matignon's
fractional-order stability criterion. Robustness is further assessed under parametric
uncertainties and neglected flexible dynamics, with complementary disturbance and
measurement-noise tests.

The obtained results show that FOPID-PSO provides the best nominal raised-cosine tracking
accuracy, with RMSE =4.34 x 107* compared with 5.43 x 1072 for PIDF-PSO, an improvement
of about 20.2%. Nominal optimization alone is not sufficient for robustness: PIDF-PSO and
FOPID-PSO become unstable when the first omitted elastic mode is introduced and remain
stable in only 30% and 70% of 200 common uncertainty draws. After multi-model robust
redesign, both architectures remain stable in all tested draws and on the eighth-order spillover
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plant. Robust FOPID achieves RMSE = 1.91 % 1072 versus 2.19 x 1072 for robust PIDF, while

robust PIDF retains the larger spillover decay margin and lower noisy command demand. The

results therefore support fractional-order flexibility as a tracking advantage when combined
with explicit stability and omitted-mode constraints.

Keywords: Flexible manipulator, single-link robot, fractional-order PID, Particle Swarm
Optimization.
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Ozet

Kamyonlarda meydana gelen fren sistemi arizalari, ara¢ kontroliinlin kaybedilmesi, frenleme
mesafesinin uzamasi ve ciddi trafik kazalarina yol agabilmesi nedeniyle dnemli bir giivenlik
problemi olusturmaktadir. Bu caligma, kamyonlarda fren sistemi arizalariyla iliskili temel
faktorleri incelemekte ve bu arizalarin Onlenmesine yonelik saha uygulamalarini
degerlendirmektedir. Calismada, giivenilirlikleri ve operasyonel etkinlikleri nedeniyle agir
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ticari araclarda yaygin olarak kullanilan havali fren sistemlerine 6zel Oonem verilmistir.
Literatiirde yaygin olarak bildirilen fren arizasi mekanizmalari; hava basinci kaybi, hava
kagaklar1, fren balatasi aginmasi, termal kaynakli performans kayiplari, fren kampanalar1 ve
disklerinde asir1 1sinma, siirtlinme yiizeylerinin kirlenmesi, bilesen yorulmasi ve yetersiz bakim
uygulamalari olarak ele alinmaktadir. Ayrica araglarin asir1 yliklenmesi, zorlu ¢alisma kosullari,
uzun siireli fren kullanim1 ve uygunsuz siiriis uygulamalar1 gibi operasyonel faktorlerin fren
sistemi performansi ve giivenilirligi tizerindeki etkileri de degerlendirilmektedir. Fren sistemi
arizalarmin siklikla yetersiz bakim faaliyetleri, diizensiz denetimler, asinmis bilesenlerin
zamaninda degistirilmemesi ve fren sistemi performansinin yetersiz sekilde izlenmesi gibi
konulardan meydana gelmektedir. Bunun yaninda ¢evresel kosullarin ve isletme sartlarinin fren
bilesenlerinin  aginmasin1  hizlandirarak ~ sistem  giivenilirli§ini  olumsuz  ydnde
etkileyebilmektedir. Calisma kapsaminda literatiirde yer alan onleyici yaklasimlar incelenmis;
periyodik bakim uygulamalari, kosula dayali denetimler, sistem izleme faaliyetleri ve kok
neden analizi yontemlerinin fren sistemi giivenilirliginin  artirilmasindaki  roli
degerlendirilmistir. Sonu¢ olarak, kamyonlarda fren sistemi giivenilirliginin artirilmasi i¢in
diizenli bakim faaliyetleri, sistematik denetim siirecleri ve kritik bilesenlerin etkin sekilde
izlenmesi biiylik 6nem tagimaktadir. Bu uygulamalarin arag¢ giivenliginin artirilmasina, plansiz
durus stirelerinin azaltilmasina ve bilesen Omiirlerinin uzatilmasma katki saglayacagi
degerlendirilmektedir.

Anahtar Kelimeler: Kamyonlar, Fren Sistemi Arizalari, Havali Fren Sistemleri, Arag
Giivenligi, Bakim Yonetimi, Saha Uygulamalar

ABSTRACT

Introduction and Purpose: Brake system failures in trucks constitute a significant safety
concern, as they can lead to loss of vehicle control, extended braking distances, and severe
traffic accidents. This study investigates the main factors associated with brake system failures
in trucks and evaluates field-based practices aimed at preventing such failures. Particular
emphasis is placed on pneumatic brake systems, which are widely used in heavy commercial
vehicles due to their reliability and operational efficiency. Commonly reported brake failure
mechanisms in the literature include loss of air pressure, air leakage, brake lining wear,
thermally induced performance degradation, overheating of brake drums and discs,
contamination of friction surfaces, component fatigue, and inadequate maintenance practices.
In addition, the effects of operational factors such as vehicle overloading, harsh operating
conditions, prolonged brake application, and improper driving practices on brake system
performance and reliability are examined. Brake system failures are frequently associated with
insufficient maintenance activities, irregular inspections, delayed replacement of worn
components, and inadequate monitoring of brake system performance. Furthermore,
environmental conditions and operating environments can accelerate the wear of brake
components, thereby adversely affecting overall system reliability. Within the scope of this
study, preventive approaches reported in the literature were reviewed, and the roles of periodic
maintenance practices, condition-based inspections, system monitoring activities, and root
cause analysis methods in improving brake system reliability were evaluated. As a result,
regular maintenance activities, systematic inspection processes, and effective monitoring of
critical components are identified as key factors for enhancing brake system reliability in trucks.
These practices are expected to contribute to improved vehicle safety, reduced unplanned
downtime, and extended component service life.

Key Words: Trucks, Brake System Failures, Air Brake Systems, Vehicle Safety, Maintenance
Management, Field Applications
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Introduction

In road transportation, trucks are among the primary vehicles used for freight transport and play
a critical role in the continuity of economic activities. Their high load-carrying capacities, use
in long-distance operations, and operation under various road conditions make the reliability of
braking systems a decisive factor in terms of safety. Brake system failures may lead to increased
stopping distance, uneven distribution of braking force, difficulty in vehicle control, and severe
traffic accidents. Therefore, investigating the factors associated with brake system failures in
trucks is an important research area in terms of both vehicle safety and maintenance
management.

Air brake systems, which are widely used in trucks and other heavy commercial vehicles, are
preferred because they can provide high braking force, are suitable for multi-axle vehicles, and
offer reliable operating characteristics. However, air brake systems consist of many subsystems,
such as compressors, air dryers, valves, air lines, reservoirs, brake chambers, connection
elements, and friction components. A failure in any of these components can adversely affect
system performance. In particular, air leaks, pressure losses, brake adjustment problems, worn
friction components, and inadequate maintenance activities are considered among the main
factors that reduce the reliability of brake systems (Bagherpour et al., 2021; Ogden &
Martonovich, 2018; Popa et al., 2021; Rajan et al., 2017).

In the literature, truck brake system failures are examined from different perspectives. Some
studies focus on the effects of pressure loss and air leakage in air brake systems on braking
performance, while others focus on the wear behavior of friction components such as brake
linings, discs, and drums (Bagherpour et al., 2021; Rajan et al., 2017). On the other hand,
prolonged brake use and high thermal loads are associated with failure mechanisms such as
brake fade, overheating, thermal fatigue, and crack formation (Hasanlu et al., 2025; Le Gigan
et al., 2015; Wang et al., 2016). In studies focusing on maintenance and service processes,
irregular inspection intervals, delayed component replacement, and electronic control system
faults are reported to affect vehicle safety and operating costs (Popa et al., 2021).

General Structure of Air Brake Systems in Trucks

The braking systems used in trucks are mostly based on pneumatic principles, unlike the
hydraulic systems commonly used in passenger cars. In air brake systems, braking energy is
provided by storing compressed air generated by the compressor in the system and transmitting
it to the appropriate components during braking. In the system, the compressor, air dryer,
pressure regulators, reservoirs, control valves, air lines, brake chambers, and friction elements
operate together.

The main advantage of air brake systems is their ability to provide sufficient braking capacity
in high-mass and multi-axle vehicles. In addition, the pressure level in the system can be
monitored by the driver or electronic control systems and maintained within certain safety
limits. However, system performance depends on maintaining air pressure and ensuring the
correct operation of circuit elements. Problems such as air leaks, connection issues, valve
failures, or insufficient pressure generation can directly affect braking capability (Bagherpour
etal., 2021; Ogden & Martonovich, 2018).

The performance of air brake systems in commercial vehicles is directly affected by design
parameters such as brake size, system air pressure, component compatibility, and brake
adjustment. Since braking performance results from the interaction of multiple subsystems, it
is necessary to adopt a holistic system approach in the design and development processes of
brake systems. Therefore, in the evaluation of brake system failures in trucks, not only
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component-level analyses but also system architecture and interactions between components
should be considered (Ogden & Martonovich, 2018).

Figure 1 shows the basic air, control, and mechanical connection flow between the compressor,
air dryer, air reservoir, brake pedal, brake valve, brake chamber, and brake mechanism in an air
brake system. The diagram explains in a simplified manner the processes of compressed air
generation, storage, transmission of the braking command, and mechanical generation of
braking force.

O 6 o o 6 6 o0 o0 o)

Compressor Air Dryer Pressure Air Reservoir  Brake Pedal Brake (Foot) Relay Valve  Brake Chamber Brake
Regulator (Tank) Valve Mechanism
Supplies Removes Maintains the Stores Sends the Converts the Amplifies the Converts the Presses the
pressurized moisture and system pressure compressed driver's pedal force signal and pressurized brake lining
air to the oil from the at a certain air and meets braking intoa sends it to air into against the
system. air. level. system command. pneumatic the brake mechanical disc/drum to
demand. signal. chambers. force. slow down

the vehicle.

)

.\:(
& >
N

Figure 1: General structure of the brake system (prepared by the author)
Factors Associated with Brake System Failures

Brake system failures in trucks occur as a result of the combined effects of design parameters,
operating characteristics of system components, maintenance activities, and the operating
conditions to which vehicles are exposed. Identifying the main factors affecting brake system
reliability is important both for improving the performance of existing vehicles and for guiding
future design and development activities. In this context, the factors associated with brake
system failures are evaluated under the headings of pneumatic system-related factors, wear and
material fatigue, thermal effects and brake performance, maintenance-related factors, and
operational and environmental factors.

Pneumatic System-Related Factors

In air brake systems, air pressure is the primary energy source required to generate braking
force. Therefore, air leaks and pressure losses are among the most critical factors affecting
braking performance and system reliability in trucks. Leaks occurring in air lines, connection
points, valves, reservoirs, or brake chambers may cause a decrease in system pressure. If the
pressure cannot be maintained at the desired level, braking force may decrease, response times
may increase, and braking imbalance may occur.
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Figure 2: Air leakage occurring in the brake cylinder (M. M. Sanchez, 2026)

Air leaks occurring in different pneumatic lines have effects on brake chamber and reservoir
pressures. Although some low-level leaks may be compensated to a certain extent by the
compressor, they may still create significant risks in terms of system performance and
reliability. This situation highlights the importance of periodic air leakage checks and regular
inspection of pneumatic lines (Bagherpour et al., 2021; Wang et al., 2012).

Figure 3: Worn and leaking pneumatic air line (M. M. Sanchez, 2026)

Pneumatic system-related problems are not limited to air leaks. Functional failures in valves,
insufficient air dryer performance, moisture-induced corrosion, loosening of connection
elements, and problems caused by line routing can also adversely affect system performance.
These factors may affect the overall integrity and operating stability of the brake system,
leading to reduced braking performance, changes in response time, and long-term reliability
problems. Therefore, in the evaluation of pneumatic systems, it is important to adopt an
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approach based on system integrity in addition to component-level analyses (Bagherpour et al.,
2021; Wang et al., 2012; Yang et al., 2017).

Wear and Material Fatigue

In truck brake systems, friction components are exposed to high mechanical and thermal loads.
Brake linings, discs, and drums operate under continuous contact and friction during the
conversion of the vehicle’s kinetic energy into heat energy during braking. In particular, brake
linings are one of the key components that directly contribute to braking performance and wear
over time depending on operating conditions. The friction coefficient, thermal resistance, and
wear resistance of the lining material have a significant effect on braking efficiency and system
reliability.

Brake lining wear does not depend solely on material properties. It is also affected by many
factors such as vehicle type, load condition, road profile, driving characteristics, braking
frequency, and environmental conditions. In addition, differences may occur between wear
values obtained under laboratory conditions and performance observed under real operating
conditions, which emphasizes the importance of evaluating field conditions. This situation
reveals the necessity of considering real operating conditions in reliability assessments of brake
components (Rajan et al., 2017).

The wear process progresses under the combined influence of many factors such as vehicle
load, braking frequency, road gradient, temperature, maintenance condition, and driver
behavior. Wear in brake linings may cause a decrease in friction performance, an increase in
braking distance, and secondary damage on disc or drum surfaces. In addition, uneven wear
may lead to vibration, noise, and braking instability, while also increasing maintenance and
component replacement costs. Failure to replace worn components in a timely manner may
create additional loads on other brake system elements and increase the likelihood of failure
(Le Gigan et al., 2015; Rajan et al., 2017).
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Figure 4: Severely worn brake linings (M. M. Sanchez, 2026)

Material fatigue is also an important factor in terms of the durability and reliability of brake
system components. In particular, brake discs and drums are subjected to repeated thermal
cycles and mechanical loads, which may lead over time to surface cracks, thermal stress
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damage, plastic deformation, oxidation, and microstructural deterioration. Similarly,
thermomechanical effects occurring in brake linings may change friction characteristics and
cause performance losses. Therefore, regular monitoring of wear and fatigue processes is
important not only for determining component life but also for maintaining brake system
reliability and reducing safety risks (Hasanlu et al., 2025; Le Gigan et al., 2015).

Thermal Effects and Brake Performance

During braking, the kinetic energy of the vehicle is largely converted into heat energy. Since
trucks are high-mass vehicles, significant temperature increases may occur in brake systems,
especially under high load or operating conditions that require prolonged brake use. This
situation may cause temporary losses in braking performance. Excessive temperature increases
in brake components may reduce the friction coefficient and braking efficiency, thereby
adversely affecting vehicle safety (Wang et al., 2016).

Continuous braking applications on long downhill roads in heavy-duty vehicles can cause
significant increases in brake disc, drum, and lining temperatures. Therefore, in the evaluation
of brake systems, not only mechanical strength properties but also thermal behavior should be
considered. In particular, the effective use of auxiliary braking systems plays an important role
in reducing the thermal loads to which brake components are exposed and in maintaining
system reliability (Wang et al., 2016).

Thermal loads are not limited to short-term performance losses. They can also affect the long-
term durability of brake system components. As a result of high temperatures and repeated
temperature changes, thermal stresses may occur in brake discs and drums, leading to damage
mechanisms such as surface cracks, plastic deformation, oxidation, and microstructural
deterioration. In addition, high temperatures in brake linings may alter the structural properties
of the friction material, increasing the wear rate and deteriorating braking characteristics
(Hasanlu et al., 2025; Le Gigan et al., 2015).

/ \ .'L O
Figure 5: Crack formed on a brake disc (Hasanlu et al., 2025)

Thermal effects should be considered not only as a result of brake system failures but also as
an important factor that accelerates other failure mechanisms. High temperatures may cause
changes in the friction coefficient, deterioration of lining surfaces, crack formation in discs and
drums, acceleration of material fatigue, and increased wear rates. Therefore, regular monitoring
of brake discs, drums, and brake linings, early detection of thermal damage indicators, and the
implementation of maintenance strategies suitable for operating conditions are of great
importance in maintaining brake system reliability (Hasanlu et al., 2025; Le Gigan et al., 2015;
Wang et al., 2016).
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Maintenance-Related Factors

Maintenance activities have a direct determining effect on the reliability and safe operation of
truck brake systems. A significant portion of brake system failures is associated with inadequate
inspection, delayed component replacement, lack of wear monitoring, and insufficient regular
monitoring of system performance. Wear in brake system components, adjustment problems,
air leaks, and electronic control system-related faults may lead to reduced braking performance,
decreased vehicle availability, and increased maintenance costs (Popa et al., 2021; Rybicka et
al., 2023).

To sustain brake system reliability, components must be regularly inspected and their
performance monitored. In particular, brake linings, discs, drums, brake chambers, valves, and
pneumatic lines should be periodically evaluated in terms of wear and performance loss. In
addition, in electronically controlled brake systems, faults that may occur in sensors, electronic
control units, and communication infrastructure should also be considered in maintenance
processes. In this way, potential decreases in braking capacity, unplanned service downtime,
and safety risks can be detected at an early stage (Popa et al., 2021).

Maintenance-related factors are not limited to periodic service activities. Determining
maintenance intervals according to vehicle operating conditions, regularly monitoring the
condition of critical components, replacing worn parts in a timely manner, and continuously
evaluating system performance are also among the basic elements of maintenance management.
In trucks operating under heavy loads, difficult road conditions, or dense stop-and-go traffic,
brake system components are subjected to higher loads, and standard maintenance intervals
may not always be sufficient (Popa et al., 2021; Rajan et al., 2017).

In addition, within the scope of modern maintenance approaches, periodic maintenance
activities are supported by condition-based maintenance methods. Through system monitoring
applications, wear tracking, performance evaluations, and analysis of failure trends, potential
problems can be identified before failures occur. This approach contributes to improving brake
system reliability, enhancing vehicle safety, reducing maintenance costs, and minimizing
unplanned downtime (Popa et al., 2021; Rybicka et al., 2023; Elvik et al., 2009).

Operational and Environmental Factors

Truck brake systems are exposed to different load profiles depending on operating conditions.
Vehicle load, road gradient, traffic density, braking frequency, driving style, and environmental
conditions can directly affect brake system performance. In particular, operation under high
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load, prolonged brake use, difficult road conditions, and frequent stop-and-go operations may
increase the mechanical and thermal loads on brake components and accelerate wear and
performance losses (Rajan et al., 2017; Wang et al., 2016).

The service life and performance of brake system components depend not only on material
properties but also on operating conditions. Changes in vehicle load, driving characteristics,
road profile, and braking frequency may cause different wear behaviors on brake linings, discs,
and drums. Similarly, continuous braking on long and sloped routes may cause temperature
increases in brake components, increasing the risk of thermally induced performance losses and
permanent damage (Rajan et al., 2017; Wang et al., 2016).

Environmental conditions are also among the important factors affecting brake system
reliability. Dust, moisture, mud, temperature changes, and road surface conditions may cause
contamination of friction surfaces, corrosion formation, increased wear rates, and reduced
service life of pneumatic system components. In trucks operating under harsh climate and road
conditions, brake system components are exposed to more severe operating conditions, which
may increase maintenance requirements (Elvik et al., 2009; Rajan et al., 2017).

Figure 7: Severely worn brake disc (M. M. Sanchez, 2026)

For brake system reliability to be evaluated accurately, the vehicle’s duty profile, operating
intensity, and environmental conditions should be considered in addition to the technical
components. Evaluating these factors together contributes to more accurate analysis of possible
failure mechanisms, optimization of maintenance plans, and sustainable preservation of brake
system performance (Elvik et al., 2009; Rajan et al., 2017; Wang et al., 2016).

Field Applications and Preventive Approaches

One of the most effective approaches to reducing brake system failures in trucks is the effective
implementation of preventive maintenance practices and systematic inspection processes.
Practices aimed at improving brake system reliability include periodic maintenance programs,
air leakage checks, wear monitoring of brake components, system pressure monitoring, driver
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awareness activities, and root cause analysis methods (Bagherpour et al., 2021; Popa et al.,
2021).

Periodic maintenance programs ensure that brake system components are inspected and their
performance is evaluated at certain intervals. In this context, air lines, connection elements,
valves, brake chambers, brake discs, drums, and linings should be inspected regularly. In
particular, early detection of air leaks contributes to preventing pneumatic system-related
performance losses and reliability problems. Similarly, regular monitoring of system pressure
and inspection of pressure lines are critical requirements for maintaining braking performance
(Bagherpour et al., 2021).

Condition-based maintenance approaches aim to determine maintenance requirements
according to the real operating conditions of vehicles. In trucks operating under heavy load, on
difficult routes, or with high braking frequency, brake system components may be exposed to
more intensive loads. Therefore, when establishing maintenance plans, not only mileage-based
or time-based criteria but also usage profile and operating conditions should be considered. In
particular, wear behaviors occurring on brake linings, discs, and drums may vary significantly
depending on operating conditions (Rajan et al., 2017).

System monitoring activities also constitute an important part of preventive maintenance
strategies. By evaluating air pressure data, information obtained from brake wear sensors,
electronic control unit records, and service feedback together, potential failures can be detected
at an earlier stage. Thus, it becomes possible to intervene before problems that may lead to
performance losses grow further, supporting vehicle safety and operational continuity (Popa et
al., 2021).

Root cause analysis methods allow recurring failures to be evaluated not only based on their
visible symptoms but also by considering their underlying causes. For example, repeated brake
lining wear may result from the combined effects of many factors such as vehicle load, driving
conditions, brake adjustments, thermal loads, and maintenance practices. Therefore, examining
failures with a holistic approach increases the effectiveness of corrective actions and reduces
the likelihood of similar problems recurring. As a result, the combined use of preventive
maintenance practices, system monitoring activities, and root cause analysis methods makes
significant contributions to improving reliability and reducing failure risks in truck brake
systems (Popa et al., 2021; Rybicka et al., 2023).

Discussion

The reviewed sources indicate that brake system failures in trucks have a multifactorial
structure that cannot be reduced to a single component or a single failure mechanism. The most
important point in this study is that the evaluation scope is structured around general cause
groups without being narrowed excessively to specific examples. Therefore, brake system
failures are addressed under the main headings of pneumatic system problems, wear and
material fatigue, thermal effects, maintenance deficiencies, and operational and environmental
conditions.

When evaluated in terms of failure prevalence, pneumatic system problems and maintenance-
related deficiencies can be considered two major risk areas for truck brake system reliability.
Air leaks, pressure losses, valve functional failures, and delays in pressure transmission can
directly affect the generation of braking force and system response time. In particular, the fact
that some low-level leaks can be compensated to a certain extent by the compressor makes it
more difficult to detect such problems at an early stage. This makes regular inspection of
pneumatic lines and pressure levels an important preventive activity (Bagherpour et al., 2021,
Yang et al., 2017).
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Wear-related problems also have an important place among brake system failures. Since brake
linings, discs, and drums are exposed to continuous mechanical and thermal loads during
braking, they may experience performance losses over time. The fact that brake lining life
cannot be explained solely by material properties makes it necessary to consider operating
conditions such as vehicle type, load condition, road profile, driving characteristics, and braking
frequency (Rajan et al., 2017). Therefore, brake lining wear should be considered not only
within the scope of periodic component replacement but also as a reliability parameter that
should be evaluated together with the vehicle’s duty profile and field conditions.

Thermal effects may cause both direct performance losses and the acceleration of other failure
mechanisms. Long downbhill driving, operation under high load, and continuous braking
applications may lead to significant temperature increases in brake discs, drums, and linings.
Increased temperatures may cause a decrease in the friction coefficient, reduced braking
efficiency, crack formation in discs and drums, and acceleration of material fatigue (Wang et
al., 2016; Le Gigan et al., 2015; Hasanlu et al., 2025). From this perspective, thermal effects
should not be viewed only as temporary performance losses, but also as important failure-
accelerating factors that affect the long-term durability of components.

Maintenance deficiencies play a decisive role in the occurrence of brake system failures or the
worsening of existing technical problems. Inadequate inspection, delayed component
replacement, lack of wear monitoring, neglect of air leakage checks, and insufficient evaluation
of electronic control system fault records may lead to reduced braking capacity, unplanned
service downtime, and increased maintenance costs (Popa et al., 2021; Rybicka et al., 2023).
Therefore, maintenance activities should not be considered merely routine inspections carried
out at certain mileage or time intervals, but rather a strategic process that directly affects system
reliability.

Operational and environmental conditions stand out as external factors that change the
occurrence intensity of brake system failures. Vehicle load, road gradient, traffic density, stop-
and-go frequency, driving style, dust, moisture, temperature changes, and road surface
conditions may increase the loads on brake components. This may cause different wear, heating,
and maintenance requirement profiles in vehicles with the same brake system architecture under
different field conditions (Rajan et al., 2017; Wang et al., 2016; Elvik et al., 2009).

These evaluations reveal the necessity of a system approach in the analysis of truck brake
system failures. Examples such as long downbhill driving, specific disc crack types, or a
particular valve failure may be used as supporting examples. However, the main scope of the
study should not be limited to these specific examples. In a broader framework, pneumatic
system integrity, the durability of friction components, thermal management, maintenance
management, and operating conditions should be evaluated together. This approach provides a
stronger basis for improving reliability in existing vehicles and for more effective use of field
feedback in design and development processes.

Conclusion

In this study, the factors associated with brake system failures in trucks were evaluated within
the scope of pneumatic system problems, wear and material fatigue, thermal effects,
maintenance-related factors, and operational and environmental conditions. The general
findings can be summarized as follows:

1. Truck brake system failures have a multifactorial structure that cannot be explained by
a single component.

2. In air brake systems, air leaks, pressure losses, valve problems, and delays in pressure
transmission directly affect braking force and system response time.
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3. Wear in friction components such as brake linings, discs, and drums may lead to reduced
braking performance, increased maintenance costs, and secondary component damage.

4, Thermal effects are an important factor that negatively affects braking performance,
especially under high load, prolonged brake use, and sloped road conditions.

5. Excessive temperatures may cause not only temporary performance loss but also long-
term damage mechanisms such as crack formation in discs and drums, material fatigue, and
deterioration of lining surfaces.

6. Maintenance deficiencies, lack of air leakage checks, delayed replacement of worn
parts, and insufficient regular monitoring of system performance increase the risk of brake
system failures.

7. Vehicle load, road profile, driving style, traffic density, and environmental conditions
have a determining effect on the service life and reliability of brake system components.

8. Periodic maintenance practices, condition-based inspections, system monitoring
activities, and root cause analysis methods should be applied together to improve brake system
reliability.

9. Transferring feedback obtained from field data to design and development processes
may make significant contributions to the durability, reliability, and safety performance of
future brake systems.

As aresult, in order to sustainably improve brake system reliability in trucks, a holistic approach
should be adopted that considers not only component-level evaluations but also system-level
assessment, maintenance-oriented practices, and operating conditions.
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ABSTRACT

The Albanian banking system is characterized by a high level of euroization, which makes it
particularly sensitive to fluctuations in the EUR/ALL exchange rate. This paper analyzes the
impact of foreign exchange exposure on the stability of the Albanian banking system, with a
particular focus on the regulatory role of the Bank of Albania during the period 2018-2025.

Through a detailed research and empirical approach, this study aims to provide a framework
for the dynamics of exchange rate fluctuations, the role and impact on the stability and
sustainability of banks in the Albanian banking system. The methodology of this research
includes qualitative and quantitative research methods. In addition to the scientific research
part, data has been collected from official websites such as the Bank of Albania, the IMF and
INSTAT in articles and publications and has been analyzed in graphs, tables and used as a
reference for identifying challenges and opportunities to improve existing monetary policy
practices.

Empirical findings show that the foreign exchange exposure of the banking system has a
positive and statistically significant impact on the growth of NPLs in the long term. On the
other hand, the EUR/ALL exchange rate and economic growth (GDP) exhibit a negative and
significant relationship with non-performing loans, proving that the strengthening of the
domestic currency and the growth of the gross domestic product serve as mitigating factors in
the solvency of borrowers. The short-term dynamics, measured through the Error Correction
Model (ECM), show a moderate speed of return to equilibrium after market shocks. Diagnostic
tests confirm the structural stability and statistical validity of the selected model. In conclusion,
the study suggests the need for careful monitoring of foreign exchange risks and further
strengthening of macroprudential policies by the Bank of Albania. A ajor focus will also be to
look at the impact of the Bank of Albania declarations that Albania will officially have the
EURO currency in the upcoming year.

Keywords: Non-performing loans (NPLs), ARDL model, Exchange rate, Foreign exchange
exposure, Albania.
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Introduction

The Albanian banking system operates in an environment with a high degree of euroisation
since a part of their liabilities and assets is in foreign currency. This balance sheet structure
creates a source of financial risk that can affect the stability of this system since they are exposed
to exchange rate changes. The inflow of remittances from emigrants, the high level of imports,
foreign investments and tourism affect the growth of financial activity in foreign currency and
as a result this is not a random phenomenon for the Albanian banking sector. According to data
from the Bank of Albania, liabilities in foreign currency constitute 50% of the total while assets
52%, reflecting high levels of euroisation. During the period 2018-2025, the difference between
the M3 and M2 aggregates reached values of over 700 billion ALL. This difference indicates
the extent of deposits in foreign currency and has been on an increasing trend.

The Bank of Albania has its own policies to intervene within the framework of exchange rate
management so that the volatility of the EUR/ALL and USD/ALL exchange rates is moderate.
Changes in the exchange rate affect the balance sheet of banks by generating profit or loss from
the exchange rate but on the other hand and an increase in bad debts for borrowers in foreign
currency loans but income in lek. NOP net open foreign exchange position is also an instrument
set by the Bank of Albania that has a regulatory limit to which commercial banks must adhere.
This indicator has stood at the regulatory level of 20% of regulatory capital, and has even been
at low levels reaching 5.5% in the first half of 2023. However, despite the establishment of
protective measures, the sector's sensitivity to exchange rate fluctuations remains considerable.

This paper aims to comprehensively analyse the exposure of the Albanian banking system to
foreign exchange risk and assess the impact of exchange rate fluctuations on its financial
stability. The analysis period extends from 2018 to 2024, including significant shocks such as
the COVID-19 pandemic and the post-pandemic global inflation period, which have tested the
resilience of the system.

Method

This paper is built on the basis of a quantitative and qualitative methodology, with the aim of
analysing the foreign exchange exposure and its impact on the stability of the Albanian banking
system. The research methodology is organized into four main elements: data collection,
descriptive analysis, and empirical analysis.

The data used in this paper are mainly primary and secondary, collected from official
institutional sources. The main source of data is the Bank of Albania, from which the following
are extracted:

0] monthly statistics of the banking system, including aggregate balance sheets of the
sector;

(i)  time series of the EUR/ALL and USD/ALL exchange rates for the period 2018-2024;
(iii)  Financial Stability Reports, which contain indicators of foreign exchange exposure, net
open foreign exchange position and capital adequacy indicators; and

(iv)  periodically published financial stability indicators.

As additional sources, the International Monetary Fund (IMF) reports on the assessment of the
Albanian financial sector, World Bank data and annual reports of individual commercial banks,
which provide detailed information on foreign exchange exposure at the institution level, were
used.
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Literature Review

The exchange rate represents the price of a foreign currency expressed in terms of the domestic
currency. According to Krugman, Obstfeld and Melitz (2021), it functions as a mechanism that
connects national economies to each other, reflecting the relationship between the demand and
supply for different currencies in international markets. More broadly, the exchange rate is also
the price of a financial asset and is subject to the same principles that apply to the prices of
other assets in the economy (lIsard, 2007).

Historically, foreign exchange markets have ancient origins. Early references to exchange are
found in documents from Mesopotamia, Egypt and ancient Greece. With the development of
international trade, paper instruments (bills of exchange) and later bank transfers appeared,
which significantly reduced the need for physical transportation of precious metals (Isard,
2007).

The literature identifies three main exchange rate systems (Krugman, Obstfeld & Melitz, 2021):

Floating exchange rate — is completely determined by market forces (demand and supply). It
offers independence in monetary policy, but exposes the economy to large fluctuations and
speculative attacks.

Fixed exchange rate — the currency is linked to another currency or a basket of currencies. The
central bank actively intervenes to maintain the set level. This system offers predictability, but
requires large foreign exchange reserves.

Managed exchange rate (managed float) — is a combination of the two above systems. The
exchange rate is formed by the market, while the central bank intervenes when fluctuations
become extreme.

In Albania, a managed floating exchange rate regime is implemented, where the Bank of
Albania intervenes in a limited manner to avoid strong fluctuations of EUR/ALL and
USD/ALL, without fixing the exchange rate level.

Exchange rate fluctuations are the result of the interaction of internal and external factors (Isard,
2007; Krugman et al., 2021):

Demand and supply for currency (imports, exports, remittances, foreign direct investment,
tourism);

Inflation — high inflation weakens the domestic currency by reducing its purchasing power;
Interest rates — high rates attract foreign capital and strengthen the domestic currency;

The country's political and economic stability;

Trade balance and balance of payments;

Central bank interventions;

External factors such as oil prices, global crises, trade wars and market expectations.

The economic literature offers several theoretical approaches to explaining exchange rate
movements (Mwange et al., 2022; Isard, 2007):

The Purchasing Power Parity (PPP) theory argues that the exchange rate adjusts according to
inflation differentials between countries. It is useful for long-term analysis, but has limitations
in imperfect markets and does not take into account capital flows.

The Interest Rate Parity Theory emphasizes that interest rate differentials cause capital flows
that directly affect the exchange rate.
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The Balance of Payments Theory explains that a surplus in the balance of payments strengthens
the currency, while a deficit weakens it.

The monetary theory emphasizes the role of money supply and inflation in determining the
exchange rate.

The expectations theory argues that market expectations about future exchange rate movements
affect the current demand for the currency.

No single theory fully explains all exchange rate fluctuations; together they provide a complete
framework for the analysis of currency dynamics (Mwange et al., 2022).

Currency risk is the possibility that exchange rate fluctuations will negatively affect the value
of an economic entity’s assets, liabilities, or earnings (Madura, 2020; Shapiro, 1996).

According to the standard classification of financial literature, currency exposure is divided into
three main categories (Shapiro, 1996; Madura, 2020):

Transaction risk — arises from the change in the exchange rate between the moment a contract
is concluded and the moment it is settled. It is particularly important for banks that provide
loans in foreign currency, as the strengthening of the euro increases instalments for borrowers
with income in ALL and increases the risk of non-performing loans.

Translation risk — arises when the financial statements of foreign subsidiaries are converted into
the currency of the parent company.

Economic risk — affects the future value of the firm’s cash flows as a result of long-term changes
in exchange rates.

Studies on foreign currency lending in Central and Eastern European countries show that this
type of lending significantly increases the vulnerability of borrowers and, consequently, the
credit risk for banks, especially when borrowers do not have income in the same currency as
the loans (Brown & De Haas, 2012).

In economies with a high degree of euroization, such as Albania, foreign exchange exposure
becomes a systemic risk. Exchange rate fluctuations

Discussion

The findings of this study confirm that the Albanian banking system remains exposed to
foreign exchange risk due to the high level of euroization. Foreign exchange exposure is found
to have a positive and statistically significant impact on the growth of non-performing loans
(NPLs) in the long run. This means that the higher the weight of assets and liabilities in foreign
currency, the higher the vulnerability of the loan portfolio when the exchange rate fluctuates.

On the other hand, the EUR/ALL exchange rate and economic growth (GDP) show a negative
relationship with NPLs. The strengthening of the ALL and the increase in gross domestic
product ease the solvency of borrowers, reducing the pressure on the quality of the loan
portfolio. These results are in line with the international literature on the risk of foreign currency
lending in economies with high euroization.

The short-term dynamics, measured through the Error Correction Model (ECM), show that the
banking system has a moderate speed of return to equilibrium aftershocks. This means that the
negative effects of exchange rate fluctuations do not disappear immediately, but neither do they
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last for very long periods. Diagnostic tests confirm the structural stability and statistical validity
of the model used.

In the policy context, the results show that the regulatory measures of the Bank of Albania (such
as limiting the net open foreign exchange position) have been useful in limiting direct exposure,
but are not sufficient to completely neutralize the indirect risk arising from unprotected
borrowers to exchange rate fluctuations. Therefore, continuous monitoring of foreign exchange
exposure and further strengthening of macro prudential policies are needed, especially in terms
of gradual de-euroization and protection of foreign exchange borrowers. Banks have
management policies with rules, procedures and strategies that aim to minimize losses from
exchange rate fluctuations. This risk arises when the bank has assets or liabilities in different
currencies in its capital. The main goal of currency risk management is to protect the bank's
capital and profits. Also, maintaining liquidity and financial stability is an important factor for
banks. 'Financial institutions manage currency risk through a combination of restrictions on the
open currency position, stress tests and additional capital requirements (Allen, 2013)." A widely
used policy is the establishment of currency limits. They set different limits in currencies.
Limits on open currency positions10 which relate to the difference between assets and liabilities
in foreign currency. It calculates how much the possible open position is and sets a limit that
the bank should not exceed in order to eliminate losses in the event of a currency depreciation.
Another type of limit is by currency type. The bank studies the stability of currencies and sets
different limits by type.

In conclusion, the study emphasizes that the stability of the Albanian banking system remains
sensitive to exchange rate fluctuations, and that the management of this risk should remain a
priority of monetary and regulatory policy.

Conclusion

This research paper undertook to empirically analyse the complex macroeconomic and financial
dynamics that determine the level of non-performing loans (NPL) in the Albanian banking
system, focusing on a challenging and structurally changed time window such as the period
2018-2025. Through the application of the econometric model of Autoregressive Distributed
Lags (ARDL), the study managed to capture not only the long-term stable relationships, but
also the short-term instantaneous movements, providing a clear overview of the factors that
undermine or protect financial stability in the country. The results obtained from the empirical
assessment confirm that credit risk in Albania is not an isolated banking phenomenon, but a
direct reflection of macroeconomic circumstances, where the exchange rate, the euroization of
the portfolio and the growth of the gross domestic product play key roles. The most important
and innovative conclusion of this study is related to the mutual impact of foreign exchange
exposure and the EUR/ALL exchange rate. The empirical findings confirmed the existence of
a strong long-term relationship, where the high foreign exchange exposure of the banking
system acts as a main driver of the growth of non-performing loans. However, this risk has been
uniquely intertwined with the exchange rate performance over the past few years. Contrary to
traditional theories that often link the depreciation of the local currency with increased risk, the
case of Albania showed that the continuous strengthening of the ALL against the Euro has
served as a mitigating mechanism for foreign exchange borrowers. The negative and significant
coefficient of the exchange rate proves that the depreciation of the Euro has reduced the
financial burden of debt for businesses and individuals that have their income in the local
currency, partially amortizing the high risk stemming from pure foreign exchange exposure.

On the other hand, the performance of the real economy was confirmed as the main pillar of
the stability of the credit portfolio. The negative and significant relationship between GDP
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growth and NPLs testifies that economic expansion increases the payment capacities of
economic agents, keeping the emergence of new bad loans under control. Interestingly, the
short-term dynamics, measured through the error correction model (ECM), showed that the
Albanian banking system possesses a self-correcting capacity of about 22% within a quarter
after an unexpected macroeconomic shock. This flexibility, also supported by the CUSUM
structural stability tests, shows that despite strong market fluctuations, financial structures
remain resilient and the parameters found are stable for long-term forecasts.

The reason why we do not have a crisis in the banking system from these fluctuations is that
the Bank of Albania has strict rules. For example, individuals who take out loans in Euro but
have their income in ALL benefit from the depreciation of the Euro (the instalment costs them
less in ALL). This positive effect on one group of clients has partially balanced the blow that
exporters have taken.

The depreciation of currencies has had a negative impact by increasing credit risk for exporting
sectors and distorting banks' balance sheets, but without (so far) undermining the financial
stability of the system itself, which is protected by high profits and capital reserves.

Table 1: Model ARDL —Conditional Error Correction Regression

Case 2: Restricted Constant and No Trend | Sample: 2018Q1 2025Q4 | Included observations:
28

Variable Coefficient Std. Error t-Statistics Prob.
C 6.350370 2.133213 2.976904 0.0155
NPL(-1)* -0.220929 0.049352 -4.476553 0.0015
FX_EXP(-1) 0.243771 0.086742 2.810305 0.0204
EXCH(-1) -0.147417 0.022749 -6.480270 0.0001
INT** -0.763075 0.132948 -5.739639 0.0003

Variable Coefficient Std. Error t-Statistics Prob.
GDP(-1) -0.167571 0.026235 -6.387268 0.0001
D(NPL(-1)) -0.646327 0.085837 -7.529702 0.0000
D(NPL(-2)) -0.918422 0.111588 -8.230476 0.0000
D(NPL(-3)) -1.191192 0.114784 -10.37772 0.0000
D(FX_EXP) 0.403848 0.060063 6.723802 0.0001
D(FX_EXP(-1)) 0.257046 0.092703 2.772790 0.0217
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D(FX_EXP(-2)) 0.151721 0.063663 2.383209 0.0410
D(EXCH) -0.166200 0.038431 -4.324583 0.0019
D(EXCH(-1)) -0.194914 0.052200 -3.733987 0.0047

*p <0.05; **p<0.01
Diagnostic tests for heteroscedasticity
Table 2: Tests for heteroscedasticity (Breusch-Pagan-Godfrey)"!

Statistics Value Test Probability
F-statistic 0.623701 Prob. F(18,9) 0.8118
Obs*R-squared 15.54118 Prob. Chi-Square(18) 0.6245

Statistics Value Test Probability

Scaled explained SS 1.268224 Prob. Chi-Square(18) 1.0000

Source: Author's calculations in E Views 12.
2. STABILITY TEST: CUSUM CHART

To assess the long-term stability of the ARDL model coefficients and to check for the presence
of structural breaks during the analyzed period, the CUSUM (Cumulative Sum of Recursive
Residuals) test was used. As shown in the chart, the blue line of the cumulative residuals lies
completely within the critical limits of 5% significance (indicated by the two dashed red lines).
This result confirms the structural stability of the model parameters, proving that the
econometric relationship found is stable and that the model is fully valid for interpretations of

macroprudential policies or financial forecasts.

Graph 1: CUSUM chart for the period 2018-2025
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In summary, this study concludes that the de-euroization policies pursued by monetary
authorities are fully justified, as foreign exchange exposure remains a long-term vulnerability.
Although market success and the strengthening of the ALL have served as a temporary shield
over the period 2019-2025, the dependence on the exchange rate requires continued macro
prudential vigilance. The applied ARDL model successfully proves that maintaining NPL
stability in Albania requires a careful balance between economic stimulus, strict control of
foreign currency lending and continuous monitoring of interest rate risks.
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ABSTRACT

The term aerogel is used to define nanomaterials having a three-dimensional porous network in
which the pore volume is mostly filled with air. Their most distinctive properties are their
extremely low densities, high surface areas, and remarkably low thermal conductivities, all of
which are mostly attributed to their highly porous structures. Since their creation in 1931 by
Samuel Kistler, they have been investigated for a wide range of applications. They are generally
prepared using sol-gel method involving precursor mixing followed by hydrolysis,
condensation and then gelation and aging and finally drying by an appropriate method.
Supercritical drying is the most effective drying method as it preserves the delicate porous
structure which in turn maximizes the performance related properties. The role of aerogels for
energy related applications increases considerably. Beyond their use as catalyst supports or
electrode materials in supercapacitors, they are increasingly investigated as advanced thermal
insulation materials for buildings, aerospace industries or protective clothing. Their nanoporous
structure is characterized mainly by micro and mesopores effectively suppress heat transfer
mechanisms leading to an outstanding thermal insulation performance. Aerogels have also
emerged as promising materials in biomedical applications especially for drug delivery. For
the delivery of drugs, different types of aerogels are used, but mostly organic ones along with
layered and composites. Their high porosity and large surface not only increase the
bioavailability of low solubility drugs but also increase the loading capacity of the systems.
Moreover, their tunable pore structure enables controlled and sustained drug release making
them attractive platforms for advanced pharmaceutical formulations.

Keywords: Aerogels, Nanomaterials, Thermal Insulation, Drug delivery
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OZET

Bu ¢alismada Selguk Universitesi Miizesi koleksiyonunda yer alan Bizans Dénemi’ne ait tas ve
bronz miihiirler incelenmistir. Arastirmanin temel amaci, Bizans Donemi miihiirleri igerisinde
daha smurli bigimde ele alinan tas ve bronz 6rneklerin dzelliklerini ortaya koymak ve bu eser
grubuna iliskin mevcut caligmalara katki saglamaktir. Bu dogrultuda miize koleksiyonunda
bulunan miihiirlerin form, malzeme, 0l¢li, bezeme ve iizerlerinde yer alan yazi unsurlari
incelenerek genel 6zellikleri degerlendirilmistir. Calisma kapsaminda toplam on iki miihiir ele
alinmis; bunlarin on birinin bronz, birinin ise tas malzemeden {iiretildigi belirlenmistir. Eserler
izerinde geometrik bezemeler, harf ve harf gruplari, figiirlii tasvirler ve ha¢ motifleri gibi farkli
unsurlarmn kullamldig1 gériilmiistiir. Ozellikle kus figiirlii, ayak bi¢imli ve ha¢ motifli ekmek
miihiirleri, koleksiyonun bi¢im ve bezeme agisindan dikkat ¢ekici ornekleri arasinda yer
almaktadir. Eserlerin farkli form ve bezeme 0Ozellikleri gostermesi, koleksiyonun kendi
icerisinde cesitlilik tasidigini da ortaya koymaktadir. Miize kayitlarina gore eserler, Aydin
Dikmen ve Konstanta Dikmen tarafindan 23.10.2019 tarihinde bagis yoluyla Selguk
Universitesi Miizesi koleksiyonuna kazandirilmistir. Daha once yayimlanmamis olan bu
eserlerin degerlendirilmesi, Bizans Donemi tas ve bronz miihiirlerine iliskin sinirl sayidaki
orneklerin daha goriiniir hale getirilmesine katki saglamaktadir. Ayrica ¢alisma, s6z konusu
eserlerin farkli koleksiyonlarda yer alan benzer Orneklerle karsilastirilmasma imkan
saglayabilecek veriler sunmasi ve ileride yapilacak sigillografik arastirmalara kaynak
olusturmasi bakimindan 6nem tagimaktadir.

Anahtar Kelimeler: Bizans, Dogu Roma, miihiir, sigillografi, Selcuk Universitesi Miizesi,
bronz muhdir.

ABSTRACT

This study examines Byzantine stone and bronze seals preserved in the collection of the Selguk
University Museum. The primary aim of the research is to identify the characteristics of stone
and bronze seals, which have received relatively limited scholarly attention within Byzantine
sigillographic studies, and to contribute to the existing literature on this group of artifacts. To
this end, the seals were examined in terms of their form, material, dimensions, decorative
features, and inscriptions, and their general characteristics were evaluated. A total of twelve
seals were analyzed, of which eleven are made of bronze and one of stone. The examined
artifacts display a variety of decorative elements, including geometric motifs, letters and letter
groups, figurative depictions, and cross motifs. Bird-shaped, foot-shaped, and cross-decorated
bread stamps are among the most remarkable examples in the collection in terms of both form
and ornamentation. The diversity of forms and decorative features demonstrates the richness of
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the collection. According to museum records, the artifacts were donated to the Selcuk
University Museum by Aydin Dikmen and Konstanta Dikmen on 23 October 2019. The
evaluation of these previously unpublished artifacts contributes to increasing the visibility of
the limited number of known Byzantine stone and bronze seals. Furthermore, the study provides
comparative data for similar examples in other collections and is expected to serve as a
reference for future research in Byzantine sigillography.

Keywords:Byzantine, Eastern Roman Empire, seal, sigillography, Selcuk University Museum,
bronze seal.

GIRIS

Calismanin konusunu Selguk Universitesi Miizesi koleksiyonunda bulunan Bizans Dénemi’ne
ait tas ve bronz miihiirler olusturmaktadir. Miihiirler, gegmisten giiniimiize belge giivenliginin
saglanmasi, miilkiyetin belirtilmesi ve g¢esitli idarl islemlerin kayit altina alinmasi gibi
amaclarla kullanilmis, ayn1 zamanda ait olduklar1 toplumlarin idari, ekonomik ve kiiltiirel
yapilart hakkinda bilgi veren 6nemli tasinabilir kiiltiir varliklari arasinda yer almistir (Erkanal,
1997). Bizans Donemi’nde miihiir kullanim1 devlet yonetimi ve giinliik yasam igerisinde 6nemli
bir yer tutmus, bu durum miihiirleri tarihi ve sanatsal agidan degerli arkeolojik buluntular haline
getirmistir (Bulgurlu, 2007).

Bu calismada Selguk Universitesi Miizesi envanterinde kayith tas ve bronz miihiirlerin
incelenmesi, katalog halinde tanitilmasi ve genel Ozelliklerinin degerlendirilmesi
amaglanmistir. Bu dogrultuda eserlerin form, 6l¢ii, malzeme ve bezeme 6zellikleri ele alinarak
koleksiyonun genel karakteri ortaya konulmaya ¢alisiimistir.

Aragtirmanin materyalini Selguk Universitesi Miizesi’nde muhafaza edilen Bizans Dénemi’ne
ait tag ve bronz miihiirler olusturmaktadir. Calisma kapsaminda eserler yerinde incelenmis,
Ol¢timleri alinmis, fotograflari ¢ekilmis ve miize envanter kayitlarindan yararlanilmistir. Ayrica
arastirma siirecinde Selguk Universitesi Miizesi Miidiirii Ahmet Pamukcu ile goriisiilerek
eserler ve koleksiyon hakkinda ek bilgiler edinilmistir. Arastirmada kataloglama yontemi
benimsenmis; eserler envanter bilgileri, form o6zellikleri, bezeme unsurlar1 ve korunma
durumlar dikkate alinarak sistematik bicimde degerlendirilmistir. Boylece daha 6nce ayrintili
bicimde yayimlanmamis olan bu eser grubunun kayit altina alinmasi ve Bizans miihiir sanatina
iligkin verilere katki saglamasi1 hedeflenmistir.

BiZANS MUHURLERININ KULLANIMI VE iSLEVLERI

Miihiir, tarih boyunca miilkiyetin, yetkinin ve resmiyetin gostergesi olarak kullanilan 6nemli
araclardan biridir. Bunun yaninda bazi toplumlarda koruyucu ve tilsiml 6zellikler tasidigina da
manilmistir (Koseler, 2019, s. 14). Miihiir kullaniminin koékeni yazinin icadiyla birlikte
Mezopotamya’ya kadar uzanmakta olup Siimerlerde "kisib", Akadlarda ise "kunnukku" olarak
adlandirilmistir (Erkanal, 1997, s. 1314).

Miihiirleri inceleyen bilim dali sigillografi olarak adlandirilmaktadir. Latince "sigillum"
kelimesinden tlireyen bu terim, miihiirlerin incelenmesi, okunmasi ve tarihlendirilmesiyle
ilgilenmektedir (Bulgurlu, 2007, s. 3; Nesbitt, 2008, s. 150).

Bizans Imparatorlugu'nda miihiirler devlet teskilatinin 6nemli bir pargasi haline gelmistir.
Resmi yazigmalarin gilivenliginin saglanmasi, belgelerin dogrulanmasi, gonderilen mallarin
kontrolii ve miilkiyetin belirlenmesi gibi amaclarla kullanilmistir. Ayrica din adamlari
tarafindan kutsal emanetlerin korunmasinda ve bazi 06zel yazigmalarin gizliliginin
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saglanmasinda da miihiirlerden yararlanilmistir (Bulgurlu, 2007, s. 2). Bizans miihiirlerinde
zaman igerisinde farkli bezeme anlayiglar1 goriilmektedir. VI. ve VII. ylizyillarda kus, kartal ve
grifon gibi figiirlii tasvirler yayginken Ikonoklazma Dénemi’nde bu figirlerin yerini
monogramlar ve yazilar almistir (Hiir, 1994, s. 16). Daha sonraki dénemlerde ise figiirlii
tasvirler yeniden kullanilmaya baslanmistir. Bu durum miihiirlerin yalnizca idari arag¢lar degil,
ayn1 zamanda donemin dini ve kiiltiirel anlayisini yansitan eserler oldugunu gostermektedir.

ESERLERIN iKONOGRAFIK VE PALEOGRAFIK DEGERLENDIRILMESI
Ikonografik Degerlendirme

Selguk Universitesi Miizesi koleksiyonunda yer alan miihiirler ikonografik agidan
degerlendirildiginde, geometrik bezemeler, figiirlii tasvirler ve dini sembollerin 6n plana ¢iktig1
goriilmektedir. Bizans miihiirlerinde kullanilan figiir ve semboller yalnizca siisleme amaci
tasimamakta, ayn1 zamanda miihiir sahibinin inanci, kimligi ve toplumsal konumu hakkinda da
bilgi vermektedir (Hur, 1994, s. 16; Bulgurlu, 2007, s. 21-25).

Katalogda yer alan eserlerin 6nemli bir boliminid geometrik bezemeli mdihirler
olusturmaktadir. Kat. No. 1’de goriilen spiral bezemeler, Kat. No. 2’deki almasik daire ve
centik kompozisyonlari, Kat. No. 4’teki kafes siislemeleri, Kat. No. 5’te yer alan rozet
bezemesi, Kat. No. 6’daki daginik yuvarlaklardan olusan diizenleme ve Kat. No. 8’deki kivrik
geometrik motifler, Bizans miihiirlerinde goriilen bezeme ¢esitliligini yansitmaktadir.
Bulgurlu’ya gore miihiirlerde bitkisel ve geometrik diizenlemelerden olusan kompozisyonlar,
rozetler ve sembolik bezemeler yaygin olarak kullanilmaktadir (Bulgurlu, 2007, s. 23).

Figiirlii 6rnekler arasinda yer alan Kat. No. 7°deki kus tasviri ile Kat. No. 10°daki ayak bicimli
miihiir koleksiyonun dikkat g¢ekici eserleri arasindadir. Bizans miihiirlerinde kus, kartal,
giivercin ve tavus kusu gibi hayvan figiirleri belirli sembolik anlamlar tasimakta olup 6zellikle
ruh, koruma, gii¢ ve kutsallik kavramlariyla iliskilendirilmektedir (Bulgurlu, 2007, s. 25). Ayak
bi¢imli miihiirler ise Anadolu miihiir geleneginde uzun siire kullanilan tipler arasinda yer
almakta ve ticari faaliyetlerle iligskilendirilmektedir (Efe, 2003, s. 125).

Koleksiyonda bulunan Kat. No. 11 ve Kat. No. 12 numarali ekmek miihiirlerinde goriilen hag
motifleri ise eserlerin dini islevleriyle baglantili oldugunu gdstermektedir. Hristiyanligin temel
sembollerinden biri olan ha¢, Bizans sanatinda ve miihiirlerinde en yaygin kullanilan
tasvirlerden biridir. Hacin kotiiliikklerden koruduguna ve kutsayici bir anlam tasidigina
inanilmis, bu nedenle farkl tiplerde miihiirler {izerinde siklikla kullanilmistir (Bulgurlu, 2007,
s. 21).

Genel olarak degerlendirildiginde koleksiyondaki miihiirler, Bizans déneminde miihiir
kullaniminin yalnizca idarf alanla sinirlt olmadigini; giinliik yasam, ticaret ve dini uygulamalar
gibi farkli alanlarda da yer aldigin1 gostermektedir.

Paleografik Degerlendirme

Koleksiyonda yer alan bazi miihiirler {lizerinde harf ve harf gruplarinin bulundugu
goriilmektedir. Bizans miihiirlerinde yazilar genellikle miihiir sahibinin adi, gérevi, unvani veya
bunlarin kisaltmalarini igermektedir. Miihiirlerde kullanilan dil gogunlukla Grekge olmakla
birlikte farkli donemlerde Latince, Ermenice ve Arapca Orneklere de rastlanabilmektedir
(Bulgurlu, 2007, s. 24). Kat. No. 7’de yer alan kus formlu miihiir iizerinde “KW”, Kat. No. 9’da
bulunan ¢ift hilal formlu miihiir tizerinde “SK WX”, Kat. No. 10’da bulunan ayak formlu mihar
iizerinde ise “V I' I A” harfleri goriilmektedir. Ayrica Kat. No. 3’te ¢esitli harf ve isaret izleri
bulunmakla birlikte asinma nedeniyle kesin olarak okunamamaktadir. Bu harflerin mevcut
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calisma kapsaminda ayrintili paleografik ¢éziimlemesi yapilamamis olsa da miihiirlerin belirli
kisi, grup veya kullanim alanlariyla iliskili olabilecegini diisiindiirmektedir.

Bizans miihiirlerinde yazilar yalnizca kimlik belirtmek amaciyla kullanilmamis, ayn1 zamanda
miihiir sahibinin statiisiinii ve gorevini de yansitmustir. Ozellikle erken donem miihiirlerde kisa
yazilar ve monogramlar tercih edilirken sonraki donemlerde daha uzun unvan dizileri
goriilmeye baslanmistir (Bulgurlu, 2007, s. 25-29). Ikonoklazma doneminde figiirlii tasvirlerin
yerini ¢ogu zaman yazi ve monogramlarin aldigi bilinmektedir (Nesbitt, 2008, s. 152).
Koleksiyondaki yazili 6rnekler, miihiirlerin yalnizca bezeme amaci tasimadigini, ayn1 zamanda
aidiyet ve kimlik belirleme islevine sahip oldugunu gostermektedir. Ancak harflerin kesin
okunabilmesi ve tarihlendirmeye katki saglayabilecek ayrintili sonuglara ulagilabilmesi icin
karsilastirmali sigillografik ¢alismalarin yapilmasi gerekmektedir.

GENEL DEGERLENDIRME VE SONUC

Bu calismada Selcuk Universitesi Miizesi’nde bulunan Bizans Donemi’ne ait tas ve bronz
miihiirler incelenmis ve katalog halinde tamitilmistir. Incelenen eserler arasinda bronz
miihiirlerin ¢ogunlukta oldugu goriilmektedir. Miihiirler form, bezeme ve yazi Ozellikleri
bakimindan degerlendirildiginde koleksiyonun farkli niteliklere sahip 6rneklerden olustugu
anlasilmaktadir.

Eserler iizerinde geometrik bezemeler, ¢esitli figiirler, harfler ve ha¢ motifleri tespit edilmistir.
Ozellikle kus figiirlii, ayak bi¢imli ve ha¢ motifli miihiirler koleksiyonun dikkat ¢ekici 6rnekleri
arasinda yer almaktadir. Bu ¢esitlilik, miihiirlerin yalnizca tek bir amagla kullaniimadigini,
farkli kullanim alanlarina sahip oldugunu gostermektedir.

Koleksiyondaki baz1 miihiirlerde harf ve harf gruplar1 bulunmasina ragmen mevcut calisma
kapsaminda bunlarin ayrintili okuma ve degerlendirmesi yapilamamistir. Bununla birlikte s6z
konusu yazilar, eserlerin belirli kisi veya gruplarla iligkili olabilecegini diisiindiirmektedir.

Miize kayitlarina gore eserler 23.10.2019 tarihinde bagis yoluyla Selguk Universitesi Miizesi
koleksiyonuna kazandirilmistir. Ancak miihiirlerin buluntu yerlerine iliskin herhangi bir bilgiye
ulagilamamigstir. Ayrica eserlerin daha 6nce yayimlanmamis olmasi, bu calismayr 6nemli
kilmaktadir.

Sonug olarak bu calisma ile Selguk Universitesi Miizesi’'nde bulunan Bizans Dénemi tas ve
bronz miihiirleri kayit altma alinmus ve bilim diinyasina tanitilmgtir. Ileride yapilacak daha
ayrintili aragtirmalarin  eserlerin tarithlendirilmesi, yazilarinin okunmasi ve kullanim
amaglarinin belirlenmesine katki saglayacag diisiiniilmektedir.

2.1.
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KATALOG
Kat. No: 1

Sekil 1. Kat. No. 1’e ait miihiir.

Envanter No: 518/A

Malzeme:Bronz

Olgtler: 3,64 x 1,59 cm (Miize envanteri: 3,3 x 1,3 cm)
Agirhk:20 g

Donemi:Bizans (Dogu Roma)

Tamm:Govde kismi silindir formlu, iist kisminda gegme halkasi vardir. Miihiir kisminda
kazima olarak yapilmis spiraller bulunmaktadir.
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Kat. No: 2

S.0. MOZE MD.

Sekil 2. Kat. No. 2’e ait miihiir.

Envanter No:519/A

Malzeme:Tas

Olgiiler:2,94 x 1,36 cm (Miize envanteri: 2,2 x 1,1 cm)
Agirhk:14 g

Donemi: Bizans (Dogu Roma)

Tamm: Govde kismi bozuk sekizgen formludur. Ortasinda yatay gecme deligi vardir. Miihiir
kisminda her bir yiizde almasik olarak yapilmis dorder daire ve ¢entikler bulunmaktadir.
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Kat. No: 3

8.0, MOZE MD.

Sekil 3. Kat. No. 3’¢ ait miihiir.

Envanter No:520/A

Malzeme:Bronz

Olguler:2,32 x 1,54 cm (Miize envanteri: 2 x 1,8 cm)
Agirhk:21 g

Donemi: Bizans (Dogu Roma)

Tanim: Govde kismi bozuk sekizgen formludur. Bir yiiziinde ti¢lii gegme halkas1 vardir. Miihiir
kisminin her bir yiiziinde silik harf ve isaretler bulunmaktadir.
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Kat. No: 4

'S.0. MOZE mD.

Sekil 4. Kat. No. 4’e ait miihiir.

Envanter No:522/A

Malzeme:Bronz

Olgtiler:3,53 x 2,02 cm (Miize envanteri: U: 3,2 cm, Muhar: 1,7 cm)
Agirhk: 14 g

Donemi: Bizans (Dogu Roma)

Tamm: Uzun sapli, konik govdelidir. Yuvarlak olan miihiir yiiziinde kazima olarak yapilmis
kafes siisii vardir. Sap kisminin ucunda gegme deligi bulunmaktadir.
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Kat. No: 5

'S.0. MOZE MD.

S.0. MOZE MD.

Sekil 5. Kat. No. 5’¢ ait miihiir.

Envanter No:523/A

Malzeme:Bronz

Olguler:2,18 x 1,77 cm (Miize envanteri: U: 1,9 cm, Mihar: 1,5 cm)
Agirhk: 8 g

Donemi: Bizans (Dogu Roma)

Tanmm: Kisa sapli, konik govdelidir. Yuvarlak olan miihiir yiiziinde kazima olarak yapilmis
rozet stisii vardir. Sap kisminin ucunda ge¢me deligi bulunmaktadir.
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Kat. No: 6

'S.0. MOZE MmD.

s.0. MOUZE MD.

Sekil 6. Kat. No. 6’e ait miihiir.

Envanter No:524/A

Malzeme:Bronz

Olgtiler:2,29 x 1,63 cm (Miize envanteri: U: 1,9 cm, Muhar: 1,4 cm)
Agirhk: 79

Donemi: Bizans (Dogu Roma)

Tamm: Kisa sapli, konik govdelidir. Yuvarlak olan miihiir yiiziinde kazima olarak yapilmisg
daginik yuvarlaklar ya da bitkisel bezeme vardir. Sap kisminin ucunda topuz ve ge¢me deligi
bulunmaktadir.
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Kat. No: 7

Sekil 7. Kat. No. 7’e ait miihiir.

Envanter No:526/A

Malzeme:Bronz

Olgtiler:4,56 x 3,43 cm (Miize envanteri: U: 4,7 x 4,5cm, Y: 1,5 cm)
Agirhik: 23 ¢

Donemi: Bizans (Dogu Roma)

Tanim: Kus seklinde govde, gegme halka delikli tutamagtan olusmaktadir. Kus seklinde olan
miihiir yiiziinde K ve W harfleri vardir.
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Kat. No: 8

S.0. MUZE MD.

Sekil 8. Kat. No. 8’¢ ait miihiir.

Envanter No:528/A

Malzeme:Bronz

Olgiiler:2,93 x 1,81 cm (Miize envanteri: 2,6 x 1,9 cm, K: 1,7 cm)
Agirhk: 10 g

Donemi: Bizans (Dogu Roma)

Tamm: Hilal seklinde govde, gegme halka delikli tutamagtan olusmaktadir. Hilal seklindeki
miihiir yliziinde kivrik geometrik bezekler vardir.
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Kat. No: 9

8.0. mOZE mMD.

Sekil 9. Kat. No. 9’¢ ait miihiir.

Envanter No:529/A

Malzeme:Bronz

Olguler:4,92 x 2,77 cm (Miize envanteri: 4,8 x 2,7 cm, K: 1,2 cm)
Agirhk: 24 g

Donemi: Bizans (Dogu Roma)

Tanmm: Sirt sirta ¢iftli hilal seklinde govde, gecme halka delikli tutamactan olusmaktadir.
Miihiir ytiziiniin bir yarisinda SK, diger yarisinda WX harfleri vardir.
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Kat. No: 10

U] ]mum\

Sekil 10. Kat. No. 10’e ait miihiir.

Envanter No:530/A

Malzeme:Bronz

Olgiiler:5,6 x 1,87 cm (Miize envanteri: 5,4 x 2 cm, K: 2,1 cm)
Agirhk: 47 g

Donemi: Bizans (Dogu Roma)

Tamm: Ayak seklinde gévde, gegme halka delikli tutamagtan olusmaktadir. Miihiir yiiziinde V
I' T A harfleri vardir.
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Kat. No: 11

il

5.0. mOZE MD.

mmm S32M

]

Sekil 11. Kat. No. 11°e ait miihiir.

Envanter No:532/A

Malzeme:Bronz

Olguiler:4,18 x 4,18 cm (Miize envanteri: C: 5,3 cm, K: 2 cm)
Agirhik: 45 ¢

Donemi: Bizans (Dogu Roma)

Tanimm: Rozet seklinde yapilmis, i¢ kisminda ha¢ motifi bulunan ekmek miihriidiir. Arkada
tutamak kismu vardir.
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Kat. No: 12

Sekil 12. Kat. No. 12’¢ ait miihiir.

Envanter No:533/A

Malzeme:Bronz

Olgtiler:4,13 x 4,13 cm (Miize envanteri: C: 3,8 cm, K: 1,4 cm)
Agirhk: 21 g

Donemi: Bizans (Dogu Roma)

Tamim: Rozet seklinde yapilmis, i¢ kisminda ha¢ motifi bulunan ekmek miihriidiir. Arkada
tutamak kismi vardir.

August 18-19, 2026 / Sanlurfa, Tiirkiye 89



EL RUHA 15th INTERNATIONAL CONFERENCE ON SCIENTIFIC RESEARCH

KAYNAKCA

Bulgurlu, V. (2007). Bizans kursun miihiirleri isiginda 11. yiizyilda yénetim. Osmanl Bankasi
Arsiv ve Arastirma Merkezi.

Bulgurlu, V. (2007). Istanbul Arkeoloji Miizelerindeki Bizans kursun miihiirleri. Arkeoloji ve
Sanat Yayinlari.

Cheynet, J.-C. (2011). Bizans muhurleri bir toplumun gorintlleri. Bizans: Yapilar, meydanlar,
yvasamlar i¢inde. Kitap Yayinevi.

Collon, D. (1987). First impressions: Cylinder seals in the ancient Near East. British Museum
Publications.

Collon, D. (1990). Interpreting the past: Near Eastern seals. University of California Press.
Darga, M. (1992). Hitit sanati. Akbank Kiiltiir ve Sanat Yayinlari.

Efe, T. (2003). Kulllioba. Arkeo Atlas, (2).

Emre, K. (1971). Anadolu kursun figiirinleri ve tas kaliplari. Tlirk Tarih Kurumu Yayinlari.

Erkanal, A. (1997). Mihir. Eczacibasi sanat ansiklopedisi iginde (Cilt 2). Yapi-Endustri
Merkezi (YEM) Yayinlari.

Hur, A. (1994). Muhurculiik — Bizans donemi. Diinden bugiine Istanbul ansiklopedisi iginde
(Cilt 6). Kiiltiir Bakanlig1 ve Tarih Vakfi Ortak Yayni.

Kazhdan, A. P. (Y6n.). (1991). The Oxford dictionary of Byzantium (Cilt 3). Oxford University
Press.

Koseler, M. (2019). Miilkiyet isareti olarak Osmanli miihiirleri ve exlibris iligkisi
[Yayimlanmamus yiiksek lisans tezi]. Akdeniz Universitesi.

Nesbitt, J. (2008). Sigillography. The Oxford handbook of Byzantine studies i¢inde. Oxford
University Press.

Pittman, H. (2003). Son Kalkolitik Cag miihiirleri. Arkeo Atlas, (2).

Tas, N. F. ve Bozkurt, N. (2006). Miihiir. Tiirkiye Diyanet Vakfi Islam ansiklopedisi iginde (Cilt
31). Tiirkiye Diyanet Vakfi Yaymlar.

Yagci, R. (1996). Anadolu muzesi koleksiyonundaki Geg Assur-Yeni Babil Akamenid damga
muhdrleri [Yayimlanmamis doktora tezi]. Hacettepe Universitesi Sosyal Bilimler Enstitiisii.

August 18-19, 2026 / Sanlurfa, Tiirkiye 90



EL RUHA 15th INTERNATIONAL CONFERENCE ON SCIENTIFIC RESEARCH

A RHETORICAL ANALYSIS OF THE STYLE OF EMPHASIS (TAWKID) IN THE
DIALOGUES BETWEEN MOSES AND PHARAOH IN SURAT AL-A‘RAF

A‘RAF SURESI’NDE HZ. MUSA-FIRAVUN DiYALOGLARINDA TEKIT
USLUBUNUN BELAGAT ACISINDAN iNCELENMESI

Dr. Ogr. Gor. Mehmet Siddik YEGUL
Cukurova Universitesi, Ilahiyat Fakiiltesi

ABSTRACT

The Qur’an was revealed by God for the guidance and salvation of humanity, in accordance
with the grammatical rules of the Arabic language and in an eloquent style. Various aspects of
the Qur’an, such as rhetoric (balagha) and eloquence (fasaha), have consistently been the
subject of scholarly research. Within this context, one of the topics that has attracted academic
attention is that of emphasis (tawkid). Although the subject of tawkid has been examined from
various perspectives in the existing literature, no study has been found that addresses it within
the context of the dialogue between Moses and Pharaoh in Sirat al-A‘raf. This study focuses
on the story of Moses and Pharaoh—one of the most frequently repeated narratives in the
Qur’an—specifically within Siirat al-A‘raf, and aims to examine, from a rhetorical perspective,
the styles of emphasis employed in the dialogues between the Prophet and Pharaoh that occur
in this stirah. To this end, the verses in which the dialogues of the narrative appear have been
analyzed using a descriptive-analytical method. The study first addresses the place and types of
tawkid within the science of rhetoric, and then identifies and analyzes the relevant verses in
Surat al-A‘raf. This narrative, which spans verses 103 to 137 of Siirat al-A‘raf, encompasses
numerous elements, including Moses’ proclamation of his prophetic mission, his disputations
with Pharaoh and his court, the various miracles he performed, and the conversion of the
magicians to faith. The findings of the research reveal that various devices of emphasis are
employed in the verses containing this narrative, and that the use of these emphatic devices is
not arbitrary but is deliberately chosen in accordance with the circumstances and the addressees,
for a particular purpose. Accordingly, it has been concluded that the emphatic elements present
in Moses’ discourse serve a persuasive function, whereas the emphatic elements present in
Pharaoh’s discourse are employed largely for the purposes of derision and the assertion of
dominance.

Keywords: Arabic Language and Rhetoric, the Qur’an, Surat al-A‘raf, Moses, Pharaoh.

Ozet

Kur’an-1 Kerim, Allah tarafindan insanligin hidayeti ve kurtulusu icin, Arap dili gramer
kurallarina uygun ve belig bir tislup ile gonderilmistir. Kur’an’in belagat ve fesahat gibi cesitli
yonleri her zaman ilm1 arastirmalara konu olmustur. Bu baglamda, akdemik ac¢idan dikkat ¢eken
konulardan biri de tekit konusudur. Mevcut literatiirde tekit konusu farkli yonleriyle incelenmis
olmakla birlikte, A'raf Suresi’nde yer alan Hz. Musa ile Firavun arasindaki diyalog baglaminda
ele alindigina rastlanmamistir. Bu ¢alisma, en ¢ok tekrar edilen Kur’an kissalarindan olan Hz.
Musa ve Firavun kissasini, A'raf Suresi 0zelinde ele almakta ve surede gegen peygamber-
Firavun diyaloglarindaki tekit iisluplarini belagat acisindan incelemeyi amaglamaktadir. Bu
noktada, kissadaki diyaloglarin gectigi ayetler betimsel-analitik bir metodla ele alinmistir.
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Calismada oncelikle tekit kavraminin belagat ilmindeki yeri ve ¢esitleri ele alinmis, ardindan
A'raf Suresi’ndeki ilgili ayetler tespit edilerek analiz edilmistir. A'raf Suresi’nin 103 ve 137
arasi1 ayetlerinde gecen bu kissanin, Hz. Musa’nin peygamberlik gorevini tebligini, Firavun ve
yardimcilar ile girdigi miinazaralari, ¢esitli mucizeler gostermesini ve biiyliciilerin iman1 gibi
bircok hususu ihtiva etmektedir. Arastirma sonuglari, ilgili kissanin gectigi ayetlerde c¢esitli
tekit araclarimin kullanildigini ve bu tekit kullanimlarinin rastgele olmayip durum ve
mubhataplar dikkate alinarak bir amag¢ dogrultusunda tercih edildigini ortaya koymustur. Buna
gore Hz. Musa’nin sdylemlerinde gegen tekit unsurlarinin ikna etme islevine yonelik oldugu,
Firavun’un sdylemlerinde gecen tekitlerin ise daha ¢ok tahkir ve tahakkiim kurma amaci
glittigli sonucuna varilmistir.

Anahtar Kelimeler: Arap Dili ve Belagati, Kur’an, A‘raf Suresi, Hz. Musa, Firavun.

GIRIS

Kur’an-1 Kerim, Arap dilinin edebi ve belagat inceliklerini ihtiva eden ilahi bir kitaptir. Arap
edebiyatinin zirvede oldugu bir donemde nazil olmaya baslayan Kur’an’1n tislubu, muhataplari
tizerinde etki birakmis ve onlar1 diisiinmeye sevketmistir. Kur’an’in bu etkileyici Uslubunu
anlamak i¢in belagat ilminin inceliklerine vakif olmak ve belagat kavramlari ile onu tahlil
etmek son derece 6nemldir.

Tekit lafz1 sozliikte, bir seyi saglamlastirmak, kuvvetlendirmek ve pekistirmek anlamlarina
gelmektedir. Ragib el-Isfahani, el-Miifredat fi garibi’l-Kur’'dn adli eserinde X s maddesini
agiklarken, eyerin arka kismini sikica baglamak igin kullamlan kayisa 383 (tekit), sagim
sirasinda inegi baglamak icin kullanilan ipe ise aymi kokten gelen 383 (vekdd) adinin
verildiginden bahseder.(el-isfahani, 1412, s. 882) Ibn Diireyd (6. 321/933) el-Cemhere’de X
maddesini saglamlastirmak ve tahkim etmek anlami cergevesinde agiklar.(ibn Diireyd, 1987,
c.2, s. 280) Boylelikle >S5 maddesi g¢ergevesinde kullanilan anlamlarin saglamlik,
yerlesme/pekistirme ve kuvvetlendirme oldugu sdylenebilir.(Ebii’1-Futdh, 1995, s. 14) Belagat
ilminin 6nemli kavramlarindan biri olarak tekit kavrami “kelime veya climleyi lafiz yahut
anlam bakimindan pekistiren telaffuza yonelik 6geler” anlamina gelmektedir.(Durmus, 2011,
.40, s. 365)

Kur’an kissalarinda verilmek istenen mesaj veya mesajlarin somut olaylar ve diyaloglar
lizerinden aktarilmasi, bu kissalar1 iislup analizleri bakimindan dikkat ¢gekici hale getirmektedir.
Kur’an’da gecen kissalar icerisinde Hz. Musa ve Firavun kissasi, hem g¢okca tekrar edilmesi
bakimindan hem de kapsamli diyaloglar1 barindirmasi agisindan olduk¢a énemlidir. Bu ¢aligma
s0z konusu kissay1 A‘raf Suresi 6zelinde ele alarak, surede gecen diyaloglarda kullanilan tekit
islubunu belagat ilmi agisindan incelemeyi amaglamaktadir.

TEKIiT VE BELAGATTEKI YERI

Tekit lafzinin sozliikte “saglamlastirmak ve pekistirmek™ gibi anlamlara geldigi ifade edilmisti.
Belagatin alt disiplinleri olan meéni, beyan ve bedi‘ ilimlerinin dnemli birer konusu olarak ele
alinan tekit, yerine gore bir soziin inkar edilmesini 6nlemek, bir sdylemin ger¢cek anlamindan
alinip mecazi anlama yorumlanmasini engellemek, muhatab1 uyarmak, muhatabin siiphesini
gidermek ve sdylenen ifadenin zihne yerlesmesini ve anlasilir olmasini saglamak gibi bir takim
amaglara matuf olarak kullanilir. Temelde tekrar olgusuna dayal1 bir ifade bigimi olmasindan
ve tekrarin da bir kusur oldugu varsayimindan hareketle Kur’an’da tekit unsurlarinin
bulunmadigini sdyleyenler olmustur. Bu goriise karsilik Kur’an’in Arapga olarak nazil oldugu,
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Arap dilinde tekit tislubunun yaygin bigimde kullanildig1 ve tekidin fesahat ile belagatin bir
unsuru kabul edildigi belirtilmistir. (Zerkesi, 1957, ¢.2, s. 384)

Beyan ilmi konularindan olan tesbih, mecaz, istiare ve kinaye gibi sanatlarin kullanim
maksatlar1 incelendiginde, anlamin somutlastirilip 6rnekler {izerinden aktarildigi sonucu ortaya
cikacak ve bu yolla aslinda tekitli anlatimin amaglandig1 goriilecektir. (Durmus, 2011, ¢.40, s.
365-368) Ibn Cinni (8. 392/1002), iic gayeden biri sebebiyle bir lafzin hakiki anlamindan
mecaza gecilebilecegini, aksi durumda ise kesin olarak kullanilan lafzin ger¢cek anlaminin esas
alinmas1 gerektigini soyler. Bu li¢ gayeden birisini ise ifadeyi pekistirmek anlamina gelen tekit
olarak aciklar. (Ibn Cinni, 1952, c.2, s. 444)

Bedi® ilmi sanatlarinin biiytik bir kisminda bir diisiincenin vurgulu ve pekistirilmeli bir tarzda
sunulmas1 amagclanir. Ozellikle “te’kidii’l-medh bima yiisbihii’z-zem” ile “te’kidii’z-zem bima
ylisbihii’l-medh” sanatlarinda amaglanan pekistirme olgusu sanat tiiriiniin adina yansimakta ve
bu sanatlarda asil amag¢ medih veya zemmi pekistirerek aktarmaktir. (Durmus, 2011, c.40, ss.
365-368)

2.2.  Arap Dilinde Tekit Araglar

Arap dilinde ciimle olgusu, séziin miindsebetlerini ve miitekellim ile muhatap arasindaki
alakayi (iliskiyi) kapsamasindan kaynakli olarak nahvciler gibi belagat alimlerinin de ilgisini
cekmistir. Tekit lislubu da kelam tiirleri arasinda 6nemli bir yer tutan konulardandir. Belagat
alimleri, tekit tislubu konusunu ele alip tekit iislbu ve tekit yollar1 gibi hususlar1 derinlemesine
ele almislardir. Bu baglamda asagida ¢esitli tekit yollar1 verilmistir.

. Arap dilinde inne ve kardesleri diye bilinen ve isim climlesinin basina gelerek haberin
anlamim pekistiren tekit edatlar1 ile 1amii’l-ibtida (s)au¥) »¥) ve nln-u tekit (S8 o)
pekistirme edatlar1 olarak zikredilebilir.

. Ciimleyi olusturan dgelerin yerlerinin degistirilmesi olarak bilinen takdim-tehir sanati
da yine tekit araclarindandir. Kasem ¢esitleri de yine tekit araglari arasinda zikredilir. (Ebii’l-
Fatdh, 1995, s. 15)

. Meani kavramlarindan olup “sdylem igerisinde bir lafzin veya lafizlar kiimesinin
digerlerine 6zel sekilde tahsis edilmesi” anlamina gelen hasr veya diger adiyla kasr sanati da
bir tekit araci olarak kabul edilir.

o Ziyalddin ibnii’l-Esir (6. 637/1239) meani kavramlarindan olan 1tnibi miibalaga
bildiren tekit araci olarak sayar. (Ibnii’I-Esir, t.y., c.2, s. 284) Belagat alimleri, bir tur tekrar
olan 1tnab sanatin1 bir tekit tiirli sayarlar. Burada, tekrarlarin tekit sayilip sayllmamasinda temel
husus tekrarin lafiz ve manada birlikte meydana ¢ikmasidir. (Ebii’1-Fith, 1995, s. 260)

o Onde gelen Arap belagat alimlerinden Hatib el-Kazvini (6. 739/1338), “bir ciimlenin
arkasindan onu pekistiren ve anlamini igeren bir bagka climlenin getirilmesi” anlamina gelen
tezyil sanatinda asil amacin tekit oldugunu belirtmistir. (Kazvini, 1949, c.3, s. 205) Boylece
tezyil sanat1 da tekit araglar1 arasinda gosterilebilir.

J Araplar bir seyden sadece haber vermek istediklerinde fiil climlesini kullanirlar.
Verilen haberi pekistirmek istediklerinde ise isim ciimlesine bagvururlar. (Zerkesi, 1957, c.2, s.
391) Bu durumda isim climlesi de tekit araglarindandir.

J Belagat alimleri istisna tislubunu da bir tiir tekit sayarlar. Bu tiir ifadelerdeki tekit, lafzin
miicmel ve mufassal olarak iki defa tekrar edilmesi ile ortaya ¢ikar. (Ebii’l-Futdh, 1995, s. 265)

Genel bir ilke oldugunu sdylemek miimkiin olmakla birlikte tekit konusu 6zelinde belagat
alimlerinin nahivciler gibi lafza yogunlagsmak yerine, lafizlarda sakli manalar inceleyip bu
manalarin muhatapda biraktigi etkiyi dikkate aldiklar1 sdylenebilir. (Ebii’l-Futah, 1995, s. 268)
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Yukarida verilen tekit araglari, Hz. Musa ve Firavun arasindaki diyaloglarda ge¢ip gecmedigi
calismada kontrol edilmis ve tespit edilen tekit araclar1 belagat ilmi agisindan incelenmistir.

2.3.  A‘raf Suresi’nde Hz. Musa ve Firavun Kissasi

Mekke doneminde nazil olan sirelerin en uzunu olma 6zelligi tasiyan A‘raf stiresinde Mekki
stirelerin karakteristik 6zelliklerinden olan iman ve itikad konular1 6n plana ¢ikar. Stre, Hz.
Musa kissasinda oldugu gibi ge¢mis kavimlerin yasamlarindan ornekler igerir. Bu sayede
peygamberlerin verdigi miicadeleler vahyin muhataplarinin dikkatine sunulur, inanmayanlar
cesitli suretlerde uyarilirken, inananlara sabir tavsiye edilir. Hz. Musa ve Firavun kissasi, Hz.
Musa’nin Firavun’un serrinden korunmasi adina Allah tarafindan Firavun’un sarayinda
biiyiitiilmesi ile baslar. Daha Hz. Musa’ya peygamberlik verildigini, bu goérevle birlikte
Firavun’a gonderildigini ve Allah tarfindan gosterdigi mucizelerle sihirbazlar1 yendiginden
bahsediliyor. Strede Firavun’un iman etmemesi, kibir ve saltanata olan diiskiinliigii ile
aciklantyor. Kissa, Firavun’un iman etmeden son bulan hayatini ve Hz. Musa’nin ona karsi
aldig1 galibiyeti aktararak son buluyor. A ‘raf stiresinde gegen Hz. Musa ve Firavun kissas1 103-
137. ayetler arasin1 kapsamaktadir. Bu bolimde gecen baglica olaylar1 asagidaki sekilde
stralamak miimkiindiir:

. Hz. Musa’nin Firavun ve ileri gelenlerine peygamber olarak gonderilmesi ve bunun
lizerine Hz. Musa’nin Firavun’a gidip peygamberligini teblig etmesi. (103-105. ayetler)

o Firavun’un Hz. Musa’dan mucize sunmasini istemesi ve bunun iizerine asanin yilan
donlismesi, elini bembeyaz ¢ikarmasi gibi bazi mucizeler gostermesi. Firavun’un gorigi
mucizeleri sihir diye nitelemesi. (106-108. ayetler)

J Firavun’un Hz. Musa’yr yenmek adina sihirbazlar1 toplamasi ve sihirbazlarin Hz.
Musa’nin mucizesi karsisinda iman etmeleri. (109-123. ayetler)
o Firavun’un biiyiictileri tehdit etmesi. (1223-124. ayetler)
° Firavun’un kavminden ileri gelenlerin Hz. Musa ve kavminin pesine diismesini ve

cezalandirilmalarini sdylemesi. (127. ayet)

. Hz. Musa’nin kavmine Allah’tan duada bulunup sabir gostermelerini telkin etmesi ve
gelecek bir zaferi mijdelemesi. (128-129. ayetler)

. Firavun ve kavminin ¢esitli belalar ile cezalandirilmasi ve nihayetinde helak edilmesi
(130-137. ayateler)

Bu ¢alisma, 6zellikle Hz. Musa ve Firavun’un dogrudan diyaloglarini iceren 103-137. ayetlerini
tekit tislubu agisindan analiz edecektir.

A‘RAF SURESI OZELINDE TEKIiT USLUBUNUN ANALIZi
Hz. Musa’nin Séylemlerinde Tekit

Hz. Musa’nin, Firavun’a hitaben kullandig1 ifadelerde sik sik tekit unurlariin gectigi goriiliir.
Bu hususlar asagida ayet sirasina gore ele alinacaktir:

Oallad) Gy e sty S G383 G i sa 03
“Miisd dedi ki: “Ey Firavun! Ben dlemlerin rabbi tarafindan gonderilmis bir el¢iyim. ”(Kur’an,
7:104)

Bu ayette () edati kullanilarak risalet gorevinin kesinligi vurgulanmaktadir. Hz. Musa
peygamber oldugunu ve muhatabinin tereddiide diismemesi i¢in sdylemini tekit araglarindan
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biriyle vurgulamistir. Beyzavi (6. 685/1286), &) edatinin kullanilmasinin, haberin pekistirilmesi
ve gerceklesmesini kesinlestirme gibi 6nemli iki faydasinin oldugunu séyler. (Beyzavi, 1418,
c.l,s.41)

Oiel 5 (3 Goan Jaa 28 2805 (e iy 2888 M BRIV e O Y O e (3

“Allah  hakkinda gercek olandan bagskasint Séylememek benim iizerime borctur. Size
rabbinizden agik bir delil getirdim. Artik Israilogullari’ni benimle birlikte serbest
birak.”(Kur’an, 7:105)

Ayette nefiyden sonra isbat getirmek suretiyle beldgat ilmi sanatlarindan hasr ortaya ¢ikmuistir.
Hasr sanatina bagvurulmas: suretiyle tekit tislubu meydana gelmistir. Burada Y) edatiyla
ifadenin yalnizca “hakk” ile sinirlandirilmasi, Hz. Musa’nin séziiniin dogrulugunu pekistiren
onemli bir tekit aracidir. (Dervis, 1994, c.3, s. 419)

Ayetin devaminda gelen &5 & 45 2&8a 38 (Size Rabbinizden agik bir delil getirdim) ifadesinde
de belagat ilmi agisindan tekit vardir. Nitekim mazi fiilin bagina gelen 3 edati tahkik ifade
etmekle birlikte belagat ilminde tekit araglar1 arasinda zikredilir. (Dervis, 1994, c¢.3, s. 419)
Ayrica ciimlede yer alan & (size getirdim) fiilindeki muhatap zamiri ile 4 (agik bir delil)
kelimesinin nekre secilerek tazim ifade etmesi, tekit manasii pekistiren diger belagat
unsurlaridir. Meani ilminde mukteza-i zahirin aksine, muhatabin inkar veya tereddiit durumuna
gore tekit araglarinin sayisi ve gesidi degisiklik gosterir. (Durmus, 2011, ¢.40, ss. 365-368;
Tantavi, 1997, c.5, s. 345)

Firavun ve Kavminden Ileri Gelenlerin Séylemlerinde Tekit

Firavun’un sdylemlerinde gecen tekit unsurlarinin daha ¢ok muhatabini tahkir ve tehdit
amaciyla kullanildig1 soylenebilir. Belagat acisindan tekit kapsaminda degerlendirilebilen
unsurlar su sekildedir:

A 5ald 1 ) (38 08 o 5 e S 05
“Firavun’un kavminden ileri gelenler dediler ki: “Bu gercekten ¢ok bilgili bir sihirbazdwr.”
(Kur’an, 7:109)

Ayette Firavun’un sozii olarak aktarilan ade “»ld 13 () s6zil, bircok tekit unsurunu
barindirmaktadir. Nitekim ciimlenin &) tekit edati ile baslamasi, yine tekit ifade eden isim
cumlesinin tercih edilmesi ve 1&m-1 miizehlekanin (J) yer almasi ile ii¢ ayr tekit araci bir
ciimlede zikredilmistir. Inkariyye ciimlesi olarak zikredilen bu ifadede bu kadar tekit aracinin
bir arada verilmesi miibalaga ifadesi i¢indir. (Uremmi, 2001, .10, s. 79) Zira Hz. Musa’nin
getirdigi mucizeler karsisinda biiytlik bir korku ve saskinlik yasayan Firavun’u sakinlestirmek
amacityla ¢evresinde bulunan ileri gelenler, mukteza-i z&hirin 6tesinde vurgulu bir ifade tonu
secmislerdir. Meani ilminde muhatabin inkar derecesine gore tekit araglarinin sayisinin ve
siddetinin terih edilmesi esastir. Burada Firavun’un ileri gelenleri halkin Hz. Musa’ya
inanmalarin1  6nlemek amaciyla tekit unsurlarimi kullanmak suretiyle miibalagaya
basvurmuslardir.

il BAE U ) T AT G )16 & 5e 8 et 5155

“Sihirbazlar Firavun’a geldiler; “Eger iistiin gelen biz olursak bize muhakkak bir 6diil
olmalidir” dediler.” (Kur’an, 7:113)

Yukaridaki ayette gegen tekit unsurlarinin aynisi burada da kullanilmustir. Tekit ifade eden isim
ctimlesi, &) tekit edati ile baslamis ve ismin basina 14m-1 ibtida getirilerek ii¢ ayr1 tekit araci bir
climlede zikredilmistir.

G DAl (pal 28005 220 J8
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O da “Tamam, ayrica sizler mutlaka yakinlarimdan olacaksiniz” dedi. (Kur’an, 7:114)

Yukaridaki ayetin devaminda Firavun’un sihirbazlara cevap olarak sdyledigi bu sozlerde de
soruda gegen tekit araglar1 aymi sekil ve miktarda tekrar edilmistir. Burada da isim ciimlesi, &)
tekit edat1 ve lam-1 miizehleka seklinde ii¢ tekit unsuru zikredilmistir. Firavun bu sekilde bir
karsilik ile sihirbazlarin siiphelerini gidermek istemistir. (Zuhayli, 2009, c.9, s. 27; Uremmi,
2001, c.10,s. 79)

Galall GA5 G &6 T Gl alh () sh 1518

Sihirbazlar dediler ki: “Ey Miisda! Sen mi atacaksin (asani), yoksa (ilk) atan biz mi olalim?”
(Kur’an, 7:115)

Burada &8 fiilinden hemen sonra (a5 zamiri getirilerek miistetir muttasil zamir, munfasil zamir
ile tekit edilmistir. Muttasil zamirin, munfasil zamirle pekistirilmesi, sihirbazlarin {istiin gelme
hususundaki kararliliklarini1 ve Hz. Musa’y1 ciddiye almadiklarii ifade ettigi sdylenmistir.
(Uremmt, 2001, c.10, s. 79) Zira bu tiir bir ifade, ancak iddiasinda kendine giivenen ve bu
konuda yetkin olduguna inanan kimselerden sadir olur. Sihirbazalar bu teklifleriyle Hz.
Musa’ya dolayli olarak, “Once ya da sonra baslaman bizim agimizdan higbir fark olusturmaz.”
mesajin1 vermek istemislerdir. (Zuhayli, 2009, c.9, s. 39) Arap dili morfolojisinde zaten &5
fiilinin tahtinda (A3 zamiri mustetir olarak mevcutken, bunun lafzen de zikredilmesi tekit
amacima binaendir. Sihirbazlarin, miitekellim zamirini bu sekilde pekistirmeleri, sadece
psikolojik bir 6z giiveni degil, ayn1 zamanda Firavun’un vaat ettigi odiil ve yakinlik
beklentisinin yarattig1 motivasyonu da lafza yansitmaktadir.

0353 st G pallall Gy Ul 116
“Alemlerin rabbine, Miisd ve Harin un rabbine iman ettik” dediler. (Kur’an, 7:121)

Arap dilinde bedele bir kapaliligin giderilmesi amaciyla bagvurulur ve bedel ile sdyleme beyan
ve tekit anlam katilir. (Zerkesi, 1957, c.2, s. 453) Buna gore ayette gegen s <5 “Musa’nin
rabbi” ifadesi, Sl & “dlemlerin rabbine” ifadesinden bedeldir ve bu tekit, climleye anlami
aciklamak ve pekistirmek gibi faydalar katmaktadir. Nitekim ayette ilk olarak sihirbazlar,
“alemlerin rabbine iman ettik” demislerdir. Firavun da ilahlik iddiasinda bulundugu i¢in ayette
gecen “alemlerin rabbi” ifadesinde kapalilik mevcuttur. Hemen ardindan zikredilen “Musa ve
Harun’un rabbine” soziiniin bedel veya atfi beyan yapilmasi ile bu kapalilik giderilmis ve anlam
pekistirilmistir. (Beyzavi, 1418, c.3, s. 28) Bedelin tekit ifade etmesi cimledeki amilin
miikerrerliginin kastedilmesinden dolayidir. Birinci isim (miibdeliin minh), bir hazirlik olsun
diye ve ikisinin toplamiyla tek basina ifade edilemeyecek bir pekistirme ve agiklama fazileti
saglansin diye zikredilir. (Zerkesi, 1957, c.2, s. 454) Batalyevsi (6. 521/1127), bedelin tekit
ifade edisini su sozler ile aciklar: “Bedelin tamami, miibdeliin minhte ortaya ¢ikan karmagiklig
gidermek amaciyla getirilmez. Aksine bedelden 6yle kisimlar vardir ki, kendinden énceki kelime
buna ihtiya¢ duymasa bile surf pekistirme (te’kid) amaciyla istenir.” (Batalyevsi, 1428, s. 219)

2 Gl * () 5alad a3l LTaT ke | sh AR Aigaal) 4540086 “RaT 1 ) 281 31 G 8wy gl (e 58 )8
Craadl 2SSl 25 Cabla (e aSla g
“Firavun dedi ki: “Ben size izin vermeden ona iman ettiniz dyle mi? Siiphe yok ki bu, halkin

sehirden ¢ikarmak icin orada kurdugunuz bir tuzaktir. Ama yakinda goreceksiniz! Mutlaka

ellerinizi ve ayaklarinizi ¢aprazlama kesecegim, sonra da hepinizi asacagim!” (Kur’an, 7:123-
124)

Bu ayet, Firavun’un,sihirbazlarin iman etmelerinin Hz. Musa ile 6nceden aralarinda kurulmus
bir anlasmaya dayandigimni onlara kesin bir dille kabul ettirmek amaciyla s6éyledigi ciimle-i
miiste’nefedir. Bu iddiasin1 onlara kabul ettirmek adina, tehdide yonelmistir. Tehdit
climlesinde, & tekit edati ile yine bir tekit unsuru olan isim ciimlesi tercih edilmis ve
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pekistirilen ifade bir baska tekit araci olan lam-1 miizehleka ile daha da miibalagali hale
getirilmistir. &salS G3d “Ama yakinda goreceksiniz!” ifadesinde fiilin basindaki < s« edati,
gelecek zaman ifade etmekle birlikte bir tgkit unsurudur. (Ibn Adil, 1419, ¢.9, s. 268; Durmus,
2011, c.40, s5. 365-368) Owadl o&ilaY & Cidla b a5 & 5218 “Mutlaka ellerinizi ve
ayaklarmizi ¢caprazlama kesecegim, sonra da hepinizi asacagim!” ifadesindeki Iam, kasem
lam1 olmakla birlikte manay1 pekistirmketedir. Yine her iki fiilin sonuna gelen tekit 1am1 da
Firavun’un tehdidini daha da abartili hale getirmektedir. Ayetin sonunda zikredilen (ueal lafzi,
nahiv ilminde tekit kabul edilkdigi gibi anlam1 pekistirmesi bakimindan belagat agisindan da
tekit araci olarak zikredilebilir. (Dervis, 1994, ¢.3, s. 428)

&8 15 Bl
Onlar, “Biz de rabbimize donmiis oluruz” dediler; (Kur’an, 7:125)

Daha evvel gectigi iizere, burada da isim ciimlesi ve &) tekit edati ile ciimlenin anlami
pekistirilmistir.

Cpaliod U855 1 jia Wile § 81 1655 Whala W L) coigly Ual & ) e 6

“Sen, rabbimizin dyetleri bize geldiginde onlara inandik diye, surf bu yiizden bizden intikam
aliyorsun. Ey rabbimiz! Bize sabirlar ver ve miisliiman olarak canimizi al!” (Kur’an, 7:126)

Bu ayette, te’kidii’l-medh bima yiisbihii’z-zem yoluyla tekit yapilmistir. Sibeveyhi bu sanata
ilk isaret eden dilcilerdendir. (Sibeveyhi, 1408, c.2, s. 325) Nabiga ez-Ziibyani’nin (6. 604 [?])
asagidaki beyti bu konuya verilen en yaygin 6rneklerdendir:

(Tavil) 08 o153 be Ol d G . 2485 O 2 2 Sl Y

“Onlarin hi¢bir kusuru yoktur, ancak ihsan sahipleri kendisiyle kiyaslaninca cimri ve hasis

kalirlar” (ez-Zubyéni, 1996, s. 32)

Bu ayette de Nabiga ez-Ziibyani’nin yukaridaki beytinde oldugu gibi te’kidii’l-medh bima
ylisbihli’z-zem sanati aracilig1 ile anlam pekistirlmistir. (Zemahseri, 1947, c.2, s. 142)

U3 phell 25055 ahe Gl R 08 Slighs 1535 (¥l 8 150l 585 hush 5381 (332 58 o 38 (e S 6

Ol 2385
“Firavun’un kavminden ileri gelenler dediler ki: “Seni ve tanrilarini bwrakip yeryiiziinde
bozgunculuk ¢ikarsinlar diye mi Miisa’yr ve kavmini serbest birakacaksin?” Firavun, “Biz
onlarin ogullarini siirekli oldiiriip kizlarimi sag birakacagiz. Elbette biz onlari ezecek
ustiinliikteyiz” dedi.” (Kur’an, 7:127)

Ayette, (=Y 8 sl a3 5 s sa 531 “Yepyiiziinde bozgunculuk ¢ikarsinlar dive mi Miisd 'y ve
kavmini serbest birakacaksin?” seklindeki istifhdm, climleye tekit manasi katmaktadir. Yine
J%& fiilinin basinda bulunan tenfis harfi (u+) tekit aracidir. Son olarak, & s\ a3 U5 “Elbette
biz onlari ezecek iistiinlikteyiz” ifadesinde &) edat1 ve isim ciimlesi tercihi tekit unsuru olarak
kullanilmistir. (Durmus, 2011, ¢.40, ss. 365-368; Yilmaz, 2012, s. 197)

TARTISMA VE SONUC

Bu c¢alismada, A‘raf suresinde yer alan Hz. Musa ve Firavun kissasi, betimleyici ve metin
analizine dayanan bir yontemle incelenerek kissadaki tekit unsurlarinin her iki tarafin
sOylemindeki farkli iglevleri tespit edilmeye calisilmistir.

Kur’an-1 Kerim nazil oldugu Arap toplumunun dil yapisini dikkate almis ve ayetlerdeki ciimle
kuruluslari bu dilin kurallarina uygun bigimde olusturulmustur. A¢raf suresinde gecen Hz. Musa
ve Firavun kissasi dikkate alindiginda, peygamberligini teblig eden Hz. Musa ve bu tebligi
kabul etmeyen Firavun arasinda gecen diyaloglar dikkat ¢ekicidir. Diyaloglarda her iki taraf,
basta muhataplar1 olmak iizere bu diyaloglara sahit olanlar1 ikna etme c¢abasi igerisindedir.
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Sozlerindeki ikna giicilinli artirmak amaciyla da ¢esitli s6z sanatlarina bagvurmuslardir. Bu s6z
sanatlarindan birisi de tekit sanatidir.

Kissada gecen Hz. Musa’nin diyaloglarindaki tekit unsurlari, Allah’mn varligi, Hz. Musa’nin
peygamber olusu ve dogrulugu gibi hakikatleri kabul ettirmeyi amaglamaktadir. Firavun’un
sOylemlerinde gegen tekit unsurlar1 ise muhatabi tahkir etme, diyaloga sahit olanlar1 bask1 ve
tahakkiim altina almay1 hedeflemektedir. Kur’an’da gecen aymi kissadaki ayni dilin farkli
baglamlarda farkli iglevlere matuf bir bicimde kullanilmasi, Kur’an’in tislup zenginliginin bir
gostergesidir.

Bu ¢aligma, A‘raf suresi ile sinirli tutulmustur. Gelecek arastirmalar i¢in, Hz. Musa ve Firavun
kissasinin diger surelerdeki tekit {islubunun karsilastirmali olarak incelenmesi 6nerilir.

KAYNAKCA

Batalyevsi, E. M. A. 1.-S. (1428). Resdil fi’l-liiga. Merkezii’l-Melik Faysal 1i’l-biihfis ve’d-
dirasati’l-Islamiyye.

Beyzavi, N. A. b. O. (1418). Envarii't-tenzil ve esrarii’t-te’vil (1-5). Daru fhyai’t-Tiirasi’l-
Arabi.

Dervis, M. (1994). I ‘rdbii’l-Kur’dn ve beydniihii. Daru’l-irsad.

Durmus, 1. (2011). Tekit. I¢inde Tiirkiye Diyanet Vakfi Islam Ansiklopedisi (C. 40, ss. 365-368).
TDV Yayinlart.

Ebii’l-Futhh, M. H. (1995). Uslibu t-tevkid fi'I-Kur’ani’I-Kerim. Mektebetu Liibnan.
el-Isfahani, R. (1412). EI-Miifredat fi garibi’l-Kur an. Darii’l-kalem.

ez-Ziibyani, E. U. (Eb A. Z. b. M. b. D. (D1bab) b. C. en-Nabiga. (1996). Divdnii 'n-Nabiga
ez-Zibyani. Daru’l-kutubi’l-ilmiyye.

ibn Adil, E. H. S. O. (1419). El-Liibab fi ‘uliimi’I-Kitab (1-20). Daru’1-Kiitiibi’l-IImiyye.

Ibn Cinni, E.-F. O. (1952). El-Hasd 'is. el-Heyétii’l-musriyyetii’l-Ammetii 1i’-kitab.

Ibn Diireyd, E. B. M. (1987). Cemheretii’I-luga (1-3). Darii’l-Ilm 1i’1-Melayin.

Ibnii’1-Esir, Z. (t.y.). EI-Meselii ’s-sd ir fi edebi ’l-katib ve ’s-sa ‘ir. Daru Nahdati Misr 1i’t-TibAati
ve’n-Nesr ve’t-Tevzl.

Kazvini, H. (1949). El-Izah li-muptasari Telkisi I-Miftak. Daru’l-Ceyl.

Kur’an Yolu. (t.y.). https://kuran.diyanet.gov.tr/Tefsir. Erisim tarihi 16 Temmuz 2026.
Sibeveyhi, E. B. (1408). El-Kitab (1-4). Mektebetii’l-Hancf.

Tantavi, M. S. (1997). Et-Tefsiru ’[-vasit (1-15). Daru Nahdati Misr 1i’t-Tibaati ve’n-Nesr ve’t-
Tevzi.

Uremmi, M. E. b. A. b. Y. b. H. (2001). Tefsiru hadaiki r-ravh ve 'r-reyhan fi ravabi ulumi’l-
Kur’an (1-33). Daru Tavki’n-Necat.

Yilmaz, A. (2012). Arap¢a’da Nahiv ve Belagat A¢isindan Te’kid. Cumhuriyet Universitesi
Matbaasi.

Zemahseri, E.-K. M. b. O. (1947). El-Kessdf ‘an haka iki gavamizi t-tenzil ve ‘uyiini’l-ekavil fi
viictihi 't-te 'vil (1-4). Darii’r-reyyan li’t-tlras.

Zerkesi, E. A. B. M. b. B. (1957). El-Burhan fi ‘uliimi’l-Kur dn. Daru’l-Ma’rife.

Zuhayli, V. (2009). Et-Tefsiru I-Miinir fi’l-Akide ve’s-Seria ve’l-Menhec (1-30). Daru’l-Fikr.

August 18-19, 2026 / Sanlurfa, Tiirkiye 98



EL RUHA 15th INTERNATIONAL CONFERENCE ON SCIENTIFIC RESEARCH

HEAVY-DUTY VEHICLES MIRRORCAM® SYSTEM DESIGN AND
DEVELOPMENT: OPERATING PRINCIPLE, TECHNICAL FEATURES, SAFETY
ADVANTAGES, AND IMPACTS ON FUEL EFFICIENCY

AGIR VASITA ARACLARINDA MIRRORCAM® si§TEMiNiN TASARIMI VE
GELISTIRILMESI: CALISMA PRENSIiBIi, TEKNiK OZELLIKLERI, GUVENLIK
AVANTAJLARI VE YAKIT VERIMLILIiGINE ETKILERI

Veysel Karani YILMAZ
Mercedes Benz Tiirk A.S., Aksaray, Tiirkiye
Selguk Universitesi, Teknoloji Fakiiltesi, Otomotiv Miihendisligi, Konya, Turkiye
ORCID ID: https://orcid.org/0000-0002-2305-1770

Yusuf Tuna BIRER
Mercedes Benz Tiirk A.S., Aksaray, Tiirkiye
Aksaray Universitesi, iktisadi ve Idari Bilimler Fakiiltesi, Yonetim Bilisim Sistemleri Boliimii
ORCID ID: https://orcid.org/0009-0005-3801-4357

Sezer SAGLAM
Mercedes Benz Tiirk A.S., Aksaray, Tiirkiye

KTO Karatay Universitesi, Lisansustl Egitim Enstitust, Elektrik ve Bilgisayar Muhendisligi,
Konya, Turkiye

ORCID ID: https://orcid.org/0009-0004-0808-3805

Rifat AKGUL
Mercedes Benz Tiirk A.S., Aksaray, Tiirkiye
ORCID ID: https://orcid.org/ 0009-0002-3117-0670

Ahmet AVCI
Mercedes Benz Tiirk A.S., Aksaray, Tiirkiye

Kto Karatay Universitesi, Ticaret ve Sanayi Meslek Y iiksekokulu, Makine ve Metal
Teknolojileri Bolimu, Konya, Tirkiye

ORCID ID: https://orcid.org/ 0000-0002-1946-6260

Ozet

Agir vasita araglarinda, geleneksel dis aynalarin yerine dijital kamera ve ekran teknolojisini
kullanan yenilik¢i Yan Ayna (MirrorCam) sistemi ile tasarlanmis ve donatilmistir. Bu sistem,
aracin aerodinamik performansini iyilestirmek, siiriiciiniin goriis alanin1 genisletmek, siiriis
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giivenligini artirmak ve yakit tiilketimini azaltmak amaciyla gelistirilmistir. Bu ¢alismanin
amaci, Mirror Cam sisteminin teknik ozelliklerini, ¢alisma prensiplerini ve ticari arag
operasyonlarinda sagladigi avantajlari degerlendirmektir. MirrorCam sistemine ait teknik
ozellikler ve caligma fonksiyonlar1 incelenmistir. Sistem, kabinin iist cercevesine monte edilmis
yiiksek ¢ozilintirliiklii iki katlanabilir kameradan ve A siitunu bolgesine yerlestirilen 15,2 ing¢lik
iki renkli ekrandan olusmaktadur. Ileri siiriis, doniis, serit degistirme ve manevra gibi farkls siiriis
kosullarinda sistemin goriintiileme Ozellikleri ve stirliciiye sagladigi destek fonksiyonlar
degerlendirilmistir. Sistem, doniis ve serit degistirme sirasinda goriintiiyli dijital olarak
kaydirarak romorkun siirekli goriiniir kalmasina olanak vermektedir. Mesafe cizgileri ve
yonlendirme gostergeleri sayesinde MirrorCam, geleneksel ayna sistemlerine kiyasla 6nemli
avantajlar sunmaktadir. A silitunu ¢evresindeki goriis alaninin artmasi, 6zellikle kavsaklar ve
donel kavsaklarda kor noktalarin azaltilmasina katki saglamaktadir. Dijital yonlendirme ve
mesafe ¢izgileri, donlis ve serit degistirme manevralarinda siiriis giivenligini desteklemektedir.
Ayrica sistem, farkli siiris kosullarina uyum saglayabilen goriintli optimizasyon Ozellikleri
sayesinde siiriicii farkindaligin1 artirmaktadir. Gelismis glivenlik, artirilmis goriis kabiliyeti ve
yakit tasarrufu 6zellikleri birlikte degerlendirildiginde MirrorCam sisteminin modern ticari arag
teknolojileri igcerisinde 6nemli bir yenilik oldugu sonucuna varilmaistir.

Anahtar Kelimeler: MirrorCam; Dijital Kamera Sistemi; Yakit Verimliligi; Stirticti Glivenligi;
Goriis Alanm1 Gelistirmesi

ABSTRACT

Heavy-duty vehicles are increasingly being designed and equipped with the innovative
MirrorCam® side mirror system, which replaces conventional exterior mirrors with digital
camera and display technology.

The system has been developed to improve vehicle aerodynamics, enhance driver visibility,
increase operational safety, and reduce fuel consumption. This study aims to evaluate the
technical features, operational principles, and practical advantages provided by the MirrorCam
system.Technical specifications and operational characteristics of the MirrorCam system were
reviewed. The system consists of two high-resolution foldable cameras mounted on the upper
roof frame and two 15.2-inch color displays positioned on the A-pillars inside the cab. Different
operating conditions, including forward driving, cornering, lane changing, and maneuvering,
were assessed according to the system’s functionality and display configurations. The system
automatically adjusts display images during turning and lane-changing maneuvers, allowing
continuous visualization of the trailer. Additional guidance lines and distance indicators assist
drivers in evaluating surrounding traffic conditions more accurately. Automatic Night Vision
Mode improves image quality during low-light conditions, while heating functions prevent
image deterioration caused by icing. MirrorCam offers significant advantages compared with
conventional mirror systems. Improved visibility around the A-pillar reduces blind spots,
especially at intersections and roundabouts. Digital guidance features contribute to safer lane
changes and maneuvers, while image optimization functions enhance driver awareness in
different driving conditions. The combination of improved safety, enhanced visibility, and
reduced fuel consumption demonstrates that MirrorCam is an effective technological
advancement for modern commercial vehicles.

Key Words: MirrorCam; Digital Camera System; Fuel Efficiency; Driver Safety; Visibility
Enhancement
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Introduction

Heavy commercial vehicles differ significantly from passenger cars in terms of dimensions,
driver seating position, body structure, and operating conditions. In trucks, tractor units, and
buses, the driver's direct field of vision is restricted by the vehicle body, cab components, and
trailer structures. Particularly in articulated vehicle combinations consisting of a tractor and
semi-trailer, the angle between vehicle sections changes continuously during turning
maneuvers, making it more challenging for drivers to maintain constant awareness of their
surroundings (Blomdahl, 2016; Terzis, 2016).

Conventional exterior rearview mirrors enable drivers to observe the side and rear areas of the
vehicle. However, the large surface area of heavy-duty vehicle mirrors generates aerodynamic
drag, increases wind noise, and, together with the A-pillars, can restrict the driver's direct field
of view. Camera Monitor Systems (CMS) have been developed to overcome these limitations
associated with traditional mirror systems (Schitz, 2013; Terzis, 2016).

A Camera Monitor System replaces the optical viewing path of conventional mirrors with an
electronic imaging system. Cameras mounted on the exterior of the vehicle capture images of
the side and rear regions, the acquired video data are processed by an electronic control unit,
and the resulting images are displayed on monitors located inside the cab. While the term
Camera Monitor System refers to the general technology category, MirrorCam® specifically
denotes a commercial implementation designed for heavy commercial vehicles.

The fundamental technical requirements for replacing mandatory mirrors with Camera Monitor
Systems are specified in ISO 16505. Furthermore, United Nations Regulation No. 46 provides
the regulatory framework that enables the legal use of such systems in vehicles. These
regulations define requirements regarding field of vision, image resolution, magnification ratio,
contrast, frame rate, system latency, operational availability, and failure notification functions
(Esser, 2016; International Organization for Standardization [ISO], 2015; United Nations
Economic Commission for Europe [UNECE], 2015).

The aim of this study is to explain the technical structure and operating principles of MirrorCam
systems used in heavy commercial vehicles; evaluate their advantages in terms of visibility,
safety, ergonomics, and fuel efficiency; and identify the fundamental engineering requirements
that should be considered during the development and optimization of such systems.

MirrorCam System Structure and Operating Principle
Basic Components

A Camera Monitor System (CMS) primarily consists of cameras, an electronic control unit
(ECU), and display monitors. The camera subsystem includes an optical lens, a Complementary
Metal-Oxide-Semiconductor (CMOS) image sensor, exposure control electronics, and a data
transmission unit. The electronic control unit receives image data from the cameras, performs
the necessary image processing and enhancement operations, and prepares the video output for
display on the in-cab monitors (Brading et al., 2016; Terzis, 2016).

In MirrorCam® systems, compact digital cameras are mounted externally on both sides of the
vehicle in place of conventional mirror assemblies. These cameras continuously capture the
areas alongside and behind the vehicle and transmit the acquired image data to the electronic
control unit. The processed video stream is then displayed on high-resolution monitors
positioned inside the cab near the A-pillars, allowing the driver to observe the vehicle
surroundings without relying on traditional mirrors (Blomdahl, 2016; Terzis, 2016).
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The display units are designed to provide a clear and stable image under varying lighting and
weather conditions. To ensure reliable operation during daytime, nighttime, rain, fog, and glare
situations, image-processing functions such as brightness adaptation, contrast enhancement,
and exposure optimization are employed. These functions help maintain adequate visibility and
compliance with regulatory performance requirements (Esser, 2016; 1SO, 2015).

The integration of cameras, electronic processing hardware, and display monitors enables
MirrorCam systems to provide a digital representation of the vehicle's surroundings while
reducing the aerodynamic and visibility limitations associated with conventional exterior mirror
assemblies. As a result, the system contributes to improved situational awareness, enhanced
driver comfort, and increased operational safety in heavy commercial vehicle applications.

i ‘e .5
Figure 1 Side View of the MirrorCam System

Note. Adapted from Daimler Truck AG, 2025, https://www.daimlertruck.com. Copyright 2025
by Daimler Truck AG.
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Figure 2 Left Display View of the MirrorCam System

Note. Adapted from Daimler Truck AG, 2025, https://www.daimlertruck.com. Copyright 2025
by Daimler Truck AG.

Typical MirrorCam System Configuration in Heavy Commercial Vehicles in a typical heavy
commercial vehicle MirrorCam system, cameras are mounted on the upper right and left sides
of the cab. This positioning enables a wide-angle view of the vehicle's side and rear areas while
reducing the camera surface's direct exposure to road dirt and environmental contaminants. The
camera images are displayed on monitors located inside the cab near the right and left A-pillars.

Positioning the displays close to the locations traditionally occupied by conventional mirrors
helps drivers maintain their established viewing habits and eye movement patterns. Displaying
the left camera image on the driver's left side and the right camera image on the right side is
particularly important for preserving spatial perception and ensuring intuitive interpretation of
the displayed information (Blomdahl, 2016; Esser, 2016).

Image Processing and Image Quality

The raw image captured by the camera undergoes several processing stages before being
displayed on the monitor. These processes include image noise reduction, color and contrast
correction, geometric distortion compensation, brightness control, and image scaling to match
display resolution requirements (Brading et al., 2016).

High Dynamic Range (HDR) functionality enables details in both dark and brightly illuminated
regions to be preserved within the same image. This feature is particularly important during
nighttime driving. The system must be capable of displaying dark road surfaces and surrounding
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objects while simultaneously preventing the bright headlights of following vehicles from
dominating the image and reducing visibility (Faber & Heinemann, 2016).

The image-processing system must not introduce excessive latency. According to 1SO 16505,
total system latency should remain below 200 ms, and the display frame rate under daytime
conditions should reach at least 30 frames per second (ISO, 2015; Oba, 2016).

Image quality is not determined solely by camera resolution or pixel count. Lens quality, sensor
performance, image-processing algorithms, display resolution, image contrast, and the viewing
distance between the driver and the display must all be considered collectively. Therefore,
Camera Monitor System design should be based on overall system performance rather than on
the characteristics of individual components alone (Oba, 2016; Terzis, 2016).

Operation Under Different Driving Conditions

During lane-change maneuvers, the expanded field of view makes it easier to detect road users
located beside the vehicle or within blind-spot areas. When integrated with blind-spot detection
technologies, the system can generate temporary warnings for vehicles, cyclists, or pedestrians
present in critical zones, thereby enhancing driver awareness and operational safety (Terzis,
2016).

Figure 3: Nighttime View of the MirrorCam Left Display

Note. Adapted from Daimler Truck AG, 2025, https://www.daimlertruck.com. Copyright 2025
by Daimler Truck AG.

Operation During Turning Maneuvers

During cornering, the angle between the tractor unit and the trailer continuously changes. A
fixed camera image may be insufficient to display the rear section of the trailer during sharp

August 18-19, 2026 / Sanlurfa, Tiirkiye 104



EL RUHA 15th INTERNATIONAL CONFERENCE ON SCIENTIFIC RESEARCH

turns. MirrorCam can adjust the displayed image according to steering angle and trailer
movement, ensuring that the trailer remains continuously visible to the driver (Blomdahl, 2016).

During reversing and low-speed maneuvering operations, trailer-end markers, vehicle-width
indicators, and distance reference guides can be displayed. Dynamic guidance lines can indicate
the predicted path of the vehicle based on the current steering angle. These features facilitate
docking at loading ramps, parking operations, and maneuvering in confined spaces
(Schmalriede, 2016).

Visibility, Ergonomics, and Safety Advantages

Replacing large exterior mirror housings with compact camera units can improve the driver's
direct field of view around the A-pillar area. This advantage is particularly significant at
intersections, roundabouts, and pedestrian crossings. The visual obstruction created jointly by
the A-pillar and conventional mirror assemblies can cause certain road users to become
completely hidden from the driver's view for short periods of time (Blomdahl, 2016; Terzis,
2016).

The reduced size of the camera modules decreases the blind areas surrounding the vehicle and
allows drivers to observe vulnerable road users, such as pedestrians and cyclists, more
effectively. Improved visibility around intersections and turning areas can contribute to
enhanced traffic safety and a reduction in collision risk.

From an ergonomic perspective, MirrorCam displays are positioned inside the cab, closer to the
driver's natural viewing direction than conventional exterior mirrors. As a result, drivers can
obtain rearward and sideward visual information with smaller head movements and reduced
eye refocusing effort. This arrangement can decrease visual fatigue, particularly during long-
distance operations and extended driving periods (Esser, 2016).

Another important safety benefit is the system's capability to overlay driving assistance
information directly onto the displayed image. Features such as distance markers, lane-change
assistance indicators, trailer tracking lines, and blind-spot warnings provide additional
situational information to the driver. By integrating visual information with advanced driver
assistance functions, MirrorCam can improve situational awareness and support safer driving
decisions under complex traffic conditions (Terzis, 2016).

Furthermore, digital image processing allows the system to maintain image quality under
challenging environmental conditions, including rain, fog, low-light situations, and glare from
following vehicles. Consequently, drivers can receive more consistent visual information than
may be possible with conventional mirror systems, whose performance can be affected by
contamination, water droplets, or poor lighting conditions (Faber & Heinemann, 2016; Oba,
2016).
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Figure 4: Comparison of Conventional Exterior Mirrors and the MirrorCam Display System

Note. Adapted from Daimler Truck AG, 2025, https://www.daimlertruck.com. Copyright 2025
by Daimler Truck AG.

Camera-based systems can provide a wider horizontal and vertical field of view than
conventional mirrors. Under normal operating conditions, the images obtained from different
camera perspectives can be arranged appropriately to reduce blind spots along the side of the
cab, around the front corner of the vehicle, and throughout the length of the trailer.

The position of the displays directly influences ergonomic performance. When monitors are
placed too far from the driver's normal line of sight, eye movement demands increase.
Conversely, positioning displays excessively close to the driver's forward viewing direction
may cause distraction, particularly during nighttime driving, due to screen brightness.
Therefore, the size and placement of the displays should be optimized to avoid obstructing the
direct field of view while enabling rapid visual refocusing between the road and the screen
(Blomdahl, 2016; Bothe, 2014).

Although camera images are two-dimensional, they preserve important depth cues such as
relative object size, motion, perspective, and optical flow. Research has shown that, following
an adaptation period, drivers are able to assess distance and relative speed through Camera
Monitor Systems with performance levels comparable to those achieved using conventional
mirrors (Bothe, 2014; Schmidt et al., 2016).

During nighttime operation, automatic image enhancement functions improve visibility under
low-light conditions. In addition, camera heating systems help prevent image degradation
caused by ice formation and condensation. Camera lenses must also be resistant to scratching,
rain, snow, road contaminants, and high-pressure washing conditions to ensure reliable long-
term operation in demanding commercial vehicle environments (Faber & Heinemann, 2016;
Terzis, 2016).

August 18-19, 2026 / Sanlurfa, Tiirkiye 106



EL RUHA 15th INTERNATIONAL CONFERENCE ON SCIENTIFIC RESEARCH

Figure 5: Field of View Provided by the MirrorCam Display System

Note. Adapted from Daimler Truck AG, 2025, https://www.daimlertruck.com. Copyright 2025
by Daimler Truck AG.

Functional Safety

Since Camera Monitor Systems legally replace mandatory rearview mirrors, system failures are
considered safety-critical. Conditions such as camera malfunction, communication loss, display
failure, power interruption, or image freezing must be detected by the system.

A frozen image is particularly hazardous because the driver may interpret it as a live
representation of current traffic conditions. Frame counters, communication monitoring
functions, watchdog timers, and display-content verification mechanisms can be used to detect
such failures (Brading et al., 2016; Kaiser, 2016).

Functional safety activities should be conducted in accordance with the 1ISO 26262 standard. If
the system is unable to provide a valid image, the driver must receive a clear and timely warning
(1S0O, 2018; Kaiser, 2016).

Aerodynamic Design and Fuel Efficiency

The large exterior mirrors used on heavy commercial vehicles are positioned in areas exposed
to significant airflow. As a result, these mirrors increase aerodynamic drag and wind noise.
Replacing large mirror housings with more compact camera arms can contribute to reducing
both the vehicle's frontal projected area and drag coefficient (Schiitz, 2013; Terzis, 2016).

Because aerodynamic drag increases proportionally to the square of vehicle speed, the fuel-
efficiency benefits provided by MirrorCam systems become more noticeable during highway
operation than in low-speed urban driving.

Aerodynamic studies conducted on heavy commercial vehicles indicate that improvements in
mirror-related airflow characteristics can theoretically achieve fuel savings of up to 2.9%
(Devesa & Indinger, 2011). Under series-production and real-world operating conditions, fuel-
consumption reductions of approximately 2% have been reported (Bothe, 2014; Terzis, 2016).

These values should not be compared directly because they are based on different vehicle
configurations, test cycles, and operating conditions. Actual fuel savings depend on factors such
as average speed, annual mileage, payload, road characteristics, climatic conditions, and driver
behavior.
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When calculating net fuel savings, the electrical consumption of cameras, displays, processors,
and heating systems must also be taken into account. Nevertheless, Camera Monitor Systems
may offer additional advantages because they are generally lighter than conventional heavy-
vehicle mirror assemblies and can reduce aerodynamic wind noise (Schmalriede, 2016; Terzis,
2016).

Limitations and Development Requirements

Despite their significant advantages, MirrorCam systems have several technical limitations.
System costs are generally higher than those of conventional mirrors. Cameras, displays,
electronic control units, software, heating systems, cleaning mechanisms, and diagnostic
components may increase maintenance and repair costs.

Dirt, water droplets, snow, and ice accumulating on the camera surface can reduce image
quality. Therefore, the camera housing should be aerodynamically designed, heated, and, when
necessary, actively cleaned (Blomdahl, 2016; Faber & Heinemann, 2016).

Although automatic adjustment of the viewing area assists the driver, unexpected or rapid image
transitions may negatively affect perception. Automatic panning and zooming functions should
therefore operate gradually and predictably. The system should also be capable of accurately
distinguishing actual turning maneuvers from normal steering corrections (Blomdahl, 2016).

Drivers require a certain adaptation period to become fully accustomed to electronic display
systems. This is particularly important for drivers who alternate between conventional mirror-
equipped vehicles and vehicles equipped with MirrorCam systems, as they must adapt to
different magnification characteristics and display locations (Bothe, 2014; Schmidt et al.,
2016).

Conclusion

MirrorCam and similar Camera Monitor Systems represent a significant technological
advancement capable of reducing many of the limitations associated with conventional exterior
mirrors in heavy commercial vehicles. By expanding the field of view, reducing blind spots,
improving trailer monitoring, and enhancing image quality under low-light conditions, these
systems contribute to improved driving safety.

Replacing large mirror housings with compact camera units can also reduce aerodynamic drag
and fuel consumption. Depending on vehicle type and test conditions, the literature reports real-
world fuel savings ranging from approximately 1.3% to 2.0%, with a theoretical savings
potential of up to 2.9% (Devesa & Indinger, 2011; Terzis, 2016).

MirrorCam systems developed in compliance with ISO 16505, United Nations Regulation No.
46, and 1SO 26262 provide an important technological platform for making heavy commercial
vehicles safer, more efficient, and more aerodynamic.
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ABSTRACT

Objective: Abdominal pain is one of the most common reasons for pediatric emergency
department visits. Although most cases are benign, abdominal pain may also represent the
initial manifestation of surgical conditions such as acute appendicitis, making differential
diagnosis and appropriate patient disposition challenging. This study aimed to describe the
demographic characteristics, accompanying clinical findings, triage categories, and transfer
processes of pediatric patients with abdominal pain who were primarily transported by the 112
Emergency Medical Services (EMS).

Materials and Methods: This retrospective descriptive study included 41 pediatric patients
aged 0-18 years with abdominal pain who were primarily transported to a hospital by the 112
EMS. Continuous variables were summarized as mean * standard deviation or median
(interquartile range, 1QR), while categorical variables were presented as frequencies and
percentages. Key proportions were reported with Wilson 95% confidence intervals (95% CI).

Results: The mean age was 12.7 + 5.1 years (median, 15 years), and 87.8% of patients were >6
years of age. Females accounted for 56.1% of the cohort, and all cases originated from urban
areas. Isolated abdominal pain was the presenting complaint in 80.5% of patients, while 58.5%
had no accompanying symptoms. Suspected acute abdomen was documented during the
prehospital assessment in 73.2% of cases (95% CI, 58.1-84.3). At triage, 61.0% of patients
were classified as yellow and 39.0% as green; no patient was assigned to the red-triage category.
Overall, patients were clinically stable, with 97.6% documented as being in good general
condition, all having a Glasgow Coma Scale score of 15, and all arriving at the hospital in stable
condition. No patient required airway intervention, cardiopulmonary resuscitation, or
experienced cardiac arrest. Patients were most frequently transported to tertiary training and
research hospitals (48.8%). The median total prehospital time was 31.0 minutes.

Conclusion: Pediatric patients with abdominal pain transported by the 112 EMS were
predominantly school-aged children and adolescents with low-to-moderate acuity who arrived
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at the hospital in stable condition. The high frequency of suspected acute abdomen documented
during prehospital assessment, despite overall clinical stability, underscores the importance of
promptly identifying and excluding potentially surgical causes.

Keywords: abdominal pain, pediatric emergency, prehospital care, emergency medical
services

OZET

Amag: Karin agrisi, ¢ocuk acil bagvurularinin sik nedenlerindendir; biiylik cogunlugu iyi huylu
seyretmekle birlikte akut apandisit gibi cerrahi gerektiren durumlarin ilk belirtisi de
olabildiginden ayiric1 tan1 ve yonlendirme agisindan zorlayicidir. Bu ¢alisma, karin agrisi
yakinmasiyla 112 ASH tarafindan transfer edilen pediatrik olgularin demografik 6zelliklerini,
eslik eden klinik bulgularini, triyaj diizeylerini ve transfer siireclerini betimlemeyi
amaclamaktadir.

Gere¢ ve Yontem: Retrospektif ve tanimlayic1 desende yiiriitiilen ¢alismaya, 112 ASH
tarafindan bir hastaneye primer transfer edilen 0—18 yas aras1 karin agris1 yakinmali 41 pediatrik
olgu alindi. Siirekli degiskenler ortalama+standart sapma ya da medyan (¢eyrekler arasi aralik,
CAA), kategorik degiskenler say1 ve yiizde olarak Ozetlendi; baslica oranlar Wilson skor
yontemiyle hesaplanan %95 giiven araliklartyla (GA) birlikte verildi.

Bulgular: Olgularin yas ortalamasit 12,7+5,1 yil (medyan 15) olup %87,8' alt1 yas ve
iizerindeydi; %56,1'1 kiz, tamami kentsel kaynakliydi. Ana yakinma olgularin %80,5'inde izole
karm agristydi; %58,5'inde ek bir yakinma yoktu. Sahada akut batin siiphesi olgularin
%73,2'sinde (%95 GA 58,1-84,3) not edilmisti. Triyajda olgularin %61,0'i sar1, %39,0'u yesil
kategorideydi; kirmizi olgu bulunmuyordu. Klinik tablo genellikle stabildi (genel durum %97,6
iyi; GKS 15; %100 stabil teslim) ve hicbir olguda havayolu girisimi, arrest ya da resiisitasyon
gerekmedi. Olgular en sik egitim ve aragtirma hastanesine (%48,8) yonlendirildi; medyan
toplam prehospital stire 31,0 dakikayda.

Sonug: 112 ASH ile transfer edilen karin agrili pediatrik olgular okul ¢cagi—ergenlik agirlikli,
orta-diisiik aciliyetli ve hastaneye stabil teslim edilen bir profil gostermektedir. Sahada yiiksek
oranda akut batin siiphesinin kaydedilmesi, klinik stabiliteye karsin cerrahi nedenlerin
dislanmasi gerekliligine isaret etmektedir.

Anahtar Kelimeler: karin agrisi, pediatrik acil, hastane Oncesi bakim, 112 acil saglik
hizmetleri

GIRIS

Karin agris1, ¢ocuk acil servislerine yapilan bagvurularin yaklasik onda birini olusturan, sik ve
cogu zaman tanisal belirsizlik tastyan bir yakinmadir. Olgularin biiyiik boliimiinde altta yatan
neden iyi huylu ve kendini sinirlayan tablolardir; ancak ayni yakinma, basta akut apandisit
olmak iizere zamaninda tan1 ve cerrahi gerektiren ciddi durumlarin da ilk belirtisi olabilir [1].
Bu nedenle karin agrili bir ¢ocukta asil gii¢liik, sinirli veriyle iyi huylu olani acil cerrahi
gerektirenden ayirmak ve dogru yonlendirme kararini verebilmektir. Sorumlu nedenler ve
klinik agirlik yasa gore degisir; etiyolojik dagilim siit cocuklugundan ergenlige dogru belirgin
bi¢imde farklilasir [2].

Bu ayrim cabasinin ilk halkasi ¢ogu kez hastane oncesi asamada, 112 Acil Saglik Hizmetleri
(ASH) ekipleriyle kurulur; sahada belirlenen triyaj diizeyi ve eslik eden bulgular, olgunun
aciliyetini ve hedef merkezi saptamada yol gosterir. Buna karsilik hastane Oncesi pediatrik
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literatiir agirlikli olarak travma ve norolojik tablolara yogunlasmis, karin agris1 gibi medikal
yakinmalar gorece geri planda kalmustir [3]. 112 ASH tarafindan transfer edilen karin agrili
pediatrik olgularin profilini biitiinciil bi¢imde ele alan veriler de oldukga sinirlhidir. Bu ¢alisma;
s0z konusu olgularin demografik 6zelliklerini, eslik eden klinik bulgularini, triyaj diizeylerini
ve transfer siireglerini betimlemeyi amaglamaktadir.

GEREC VE YONTEM

Calisma retrospektif ve tanimlayict desende kurgulandi. Ankara'da 112 ASH tarafindan bir
hastaneye primer transfer edilen, 0-18 yas arasi karmn agris1 yakinmali 41 pediatrik olgu
incelendi. Olgulara ait demografik bilgiler; ¢agri zamani (giin dilimi, mesai durumu) ve olay
yeri; ana ve eslik eden yakinmalar, agr1 lokalizasyonu, akut batin sliphesi, vital parametreler ve
yuksek aciliyet gostergeleri, triyaj kategorisi, prehospital siire ve mesafeler ile hedef hastane ve
hastaneye varis durumu kayit altina alindi. Veriler IBM SPSS Statistics 26.0 (IBM Corp.,
Armonk, NY, ABD) ile ¢oziimlendi. Siirekli degiskenler ortalamatstandart sapma ya da
medyan (CAA), kategorik degiskenler say1 ve yiizde olarak 6zetlendi; baslica oranlar Wilson
skor yontemiyle hesaplanan %95 gliven araliklariyla (GA) birlikte sunuldu. Arastirma sorusu
tanimlayict oldugundan ¢éziimlemeler betimleyici diizeyde tutuldu.

BULGULAR
Kirk bir olgunun tanimlayici 6zellikleri Tablo 1'de topluca verilmistir.

Tablo 1. Karin agris1 yakinmali pediatrik olgularin tanimlayici 6zellikleri (n=41)

Degisken Deger (n=41)
Demografik 6zellikler

Yas, yil (ort.+SS) 12,7+£5,1
Yas grubu — 0-5/6-12/13-18 yas, n (%) 5(12,2) /11 (26,8) / 25 (61,0)
Cinsiyet — kiz, n (%) 23 (56,1)
Kentsel bolge, n (%) 41 (100)

Gun dilimi — gundiz, n (%) 24 (58,5)
Olay yeri — ev, n (%) 25 (61,0)
Yakinma ve eslik eden bulgular

Ana yakinma — izole karm agrist, n (%) 33(80,5)
Ana yakinma — karin agris1 + kusma, n (%) 8 (19,5)

Eslik eden yakinma — yok, n (%) 24 (58,5)
Agr lokalizasyonu — yaygin, n (%) 11 (26,8)
Akut batin siiphesi — var, n (%) 30(73,2)
Travma Oykust — var, n (%) 3(7,3)

Triyaj ve klinik agirhk

Triyaj — sar1/ yesil, n (%) 25 (61,0) / 16 (39,0)
Genel durum — iyi, n (%) 40 (97,6)
Tasikardi — var, n (%) 16 (39,0)
Hipotansiyon — var, n (%) 1(2,4)
Havayolu girisimi / arrest / KPR — var, n (%) 0 (0)

Vital bulgular

Nabiz, /dk (ort.£SS) 98,0+ 16,6
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Degisken Deger (n=41)
Sistolik kan basinci, mmHg (ort.£SS) 1155+18,1
SpO2, % (ort.£SS) 98,0+1,3
Glasgow Koma Skalasi (ort.£SS) 15,0+£0,2
Transfer surecleri

Reaksiyon suresi, dk (medyan; CAA) 1,4 (0,9-2,5)
Olay yerine ulasim, dk (medyan; CAA) 7,4 (5,4-9,2)
Toplam prehospital stre, dk (medyan; CAA) 31,0 (26,0-36,5)
Hedef hastane — EAH, n (%) 20 (48,8)
Hastaneye stabil teslim, n (%) 41 (100)

CAA: ceyrekler arast aralik; EAH: egitim ve arastirma hastanesi; KPR: kardiyopulmoner
resusitasyon; SS: standart sapma.

Olgular agirlikli olarak biiyiik yas gruplarindan olusuyordu: yas ortalamasi 12,7+5,1 yil
(medyan 15) olup %87,8'1 (%95 GA 74,5-94,7) alt1 yas ve iizerindeydi ve en kalabalik grup
13-18 yas araligrydi (%61,0). Cinsiyet dagiliminda hafif bir kiz tstiinliigii vardi (%56,1; %95
GA 41,0-70,1). Tiim olgular kentsel bolgeden basvurmus; ¢agrilar giindiiz (%58,5) ve gece
(%41,5) ile mesai i¢i ve dis1 arasinda dengeli dagilmisti. En sik olay yeri evdi (%61,0).

Ana yakinma olgularin %380,5'inde (%95 GA 66,0-89,8) izole karmn agrisi, %19,5'inde karin
agrisima eslik eden kusmaydi. Eslik eden bir yakinma olgularin %58,5'inde yoktu;
bulundugunda en sik kusma (%12,2) bildirildi. Agr1 ¢ogunlukla yaygin (%26,8) ya da
lokalizasyonu belirtilmemis (%31,7) olarak kayitliydi. Dikkat cekici bigimde, olgularin
%73,2'sinde (%95 GA 58,1-84,3) sahada akut batin siiphesi not edilmisti; buna karsin travma
Oykiisii (%7,3) ve bilinen kronik hastalik (%2,4) seyrekti.

Triyaj duzeyleri orta-diisiik aciliyet lehineydi: olgularin %61,0'1 sari, %39,0'u yesil
kategorideydi ve higbir olgu kirmizi (en acil) olarak siniflanmamisti. Klinik tablo genellikle
stabildi , genel durum %97,6 olguda iyi, bilin¢ tim olgularda agikt1 (GKS 15) ve vital bulgular
normal sinirlardaydi (ortalama nabiz 98,0+16,6/dk; sistolik kan basinct 115,5+18,1 mmHg;
SpO2 %98,0+1,3). Tasikardi %39,0 olguda goriiliirken hipotansiyon yalnizca tek olguda
saptandi; hicbir olguda havayolu girisimi, arrest ya da kardiyopulmoner resisitasyon
gerekmedi.

Hastane Oncesi siire¢ hizli ve kisa mesafeli isledi: medyan reaksiyon siiresi 1,4 dakika, olay
yerine ulasim 7,4 dakika ve toplam prehospital siire 31,0 dakikaydi (CAA 26,0-36,5); olay
yerine ve hastaneye varis mesafeleri sirastyla medyan 2 ve 4 km idi. Olgular en sik egitim ve
arastirma hastanesine (%48,8) yonlendirildi ve tamami1 (%100; %95 GA 91,4-100) hastaneye
stabil bicimde teslim edildi.

TARTISMA

Serimizdeki en belirgin Oriintii, karin agristyla 112 tarafindan tasinan ¢ocuklarn biiyiik
cogunlugunun okul cag1 ve ergenlik doneminde toplanmasi ve klinik olarak stabil
seyretmesidir. Bu tablo, pediatrik karin agrismin c¢ogunlukla iyi huylu oldugu, ancak
degerlendirmenin yasa gore sekillenmesi gerektigi yoniindeki bilgiyle uyum i¢indedir [1,2]. Ote
yandan, olgularin yaklagik dortte {igiinde sahada akut batin siiphesinin not edilmis olmasi,
goriiniirdeki klinik stabiliteye karsin ekiplerin cerrahi bir nedeni dislama konusunda temkinli
davrandigint ve bu yakinmay:1 hafife almadigimi gostermektedir. Triyajda kirmizi olgu
bulunmamasi ve tiim olgularin stabil teslim edilmesi ise, bu temkinin asir1 bir aciliyet algisina
doniismedigine; olgularin uygun diizeyde onceliklendirildigine isaret eder. Hastane dncesi
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stirecin demografik ve yoOnlendirme Oriintiisii, kentsel agirlik ve en sik egitim-arastirma
hastanesine transfer, Yazici ve arkadaslarinin Ankara 112 pediatrik travma serisiyle
benzesmektedir [4]. Kisa reaksiyon ve transfer siireleri ise Akkan Oz ve Yazici'nin da katki
verdigi Ankara 112 yanik ¢6ziimlemesinde tanimlanan saha performansiyla ayni dogrultudadir
[5]. Olgularin biiylik boliimiiniin sar1 triyajla, yani yiiksek degil orta oncelikle tasinmasi,
ambulansla getirilen pediatrik olgularda aciliyet diizeylerinin genis bir yelpazeye yayildigini
bildiren Bucak ve arkadaslarimin gozlemleriyle oOrtlislir [6]. Calismanin yorumlanmasini
sinirlayan baslica etkenler; gorece kiiciik 6rneklem (n=41), tek merkezli ve retrospektif tasarim
ile agr siiresi ve dehidratasyon gibi baz1 degiskenlerdeki kayit eksikligidir. Yine de, 112 ile
transfer edilen karin agrili pediatrik olgulara odaklanan hastane Oncesi verileri derlemesi,
calismay1 6zgiin kilmaktadir.

SONUC

112 ASH ile transfer edilen karin agrili pediatrik olgular; okul ¢ag1 ergenlik agirlikli, kentsel
kaynakl1, orta-diisiik aciliyetli ve hastaneye stabil teslim edilen bir profil ortaya koymaktadir.
Sahada yiiksek oranda akut batin siiphesinin not edilmesi, klinik stabiliteye ragmen cerrahi
nedenlerin dislanmasi gerekliligine ve hastane Oncesi degerlendirmenin Onemine isaret
etmektedir. Bulgularin daha genis, ¢ok merkezli serilerle ve eksik kaydedilen degiskenlerin
tamamlanmasiyla pekistirilmesi yararli olacaktir.
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ABSTRACT

This study investigated the effects of different water levels on the yield of rocket (Eruca sativa
L.) grown under greenhouse conditions. The experiment was conducted in a greenhouse with a
natural ventilation system and polycarbonate covering material, in 5-liter pots with 4 plants per
pot. Deficit irrigation was performed according to the evaporation value read from a reduced
evaporation pan. Full irrigation (S1) was applied at 100% of the evaporation value, while
restricted irrigations were applied at 80% (S2) and 60% (S3) of the evaporation value.

Water consumption per pot was determined as 133.0 mm in total for the S1 treatment, 106.4
mm for the S2 treatment, and 79.8 mm for the S3 treatment. The average leaf length and
marketable yield were observed in the S1 treatment at 18.67 cm and 13.15 g, respectively, while
the average number of leaves per plant was observed in the S2 treatment at 7.44.

The study concluded that applying high levels of water restriction in leafy green vegetables
reduces marketable plant yield; however, in cases of mandatory "deficit irrigation” due to
insufficient water resources, irrigation restriction of up to 80% may be recommended.

Key Words: Eruca sativa, deficit irrigation, greenhouse conditions

OZET

Bu ¢alismada sera kosullarinda yetistirilen roka (Eruca sativa L.) bitkisine uygulanan kisitl
sulama diizeylerinin bitki verimi {izerine olan etkileri arastirilmistir. Deneme dogal
havalandirma sistemine ve polikarbon Ortii malzemesine sahip serada ve 5 litre hacimli
saksilarda her saksida 4 bitki olacak sekilde yiiriitiilmiistiir. Kisith sulama uygulamalari
indirgenmis buharlasma kabindan okunan buharlagma degerine gore yapilmistir. Tam sulama
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(S1) konusunda buharlasma degerinin %100’#, kisith sulamalar ise buharlasma degerinin
%801 (S2) ve %60°1 (S3) uygulanarak yapilmstir.

Saks1 basina su tiiketimi, S1 uygulamasinda toplam 133.0 mm; S2 uygulamasinda 106.4 mm
ve S3 konusunda ise 79.8 mm olarak belirlenmistir. Ortalama yaprak boyu ve pazarlanabilir
verim sirastyla 18.67 cm ve 13.15 g ile S1 konusunda, bitki basina ortalama yaprak sayisi ise
7.44 adet ile S2 konusunda gozlenmistir.

Arastirma sonucunda yesil yaprakli sebzelerde yiiksek oranda su kisiti uygulamasinin
pazarlanabilir bitki verimini azalttig1 bununla birlikte su kaynaklarinin yetersiz oldugu zorunlu
“eksik sulama” durumlarinda %80’e kadar kisith sulama onerilebilecegi sonucuna varilmistir.

Anahtar Kelimeler: Eruca sativa, kisitli sulama, bitki su tiiketimi, sera

August 18-19, 2026 / Sanlurfa, Tiirkiye 117



EL RUHA 15th INTERNATIONAL CONFERENCE ON SCIENTIFIC RESEARCH

INVESTIGATION OF FACTORS AFFECTING THE MECHANICAL
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BIRLESTIRILMESINDE MEKANIK PERFORMANSI ETKILEYEN
FAKTORLERIN INCELENMESI
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Ozet

Eklemeli imalat teknolojileri, karmagik geometrilere sahip parcalarin hizli ve ekonomik bir
sekilde iiretilebilmesi sayesinde otomotiv, havacilik, biyomedikal ve savunma sanayi basta
olmak iizere bir¢cok alanda yaygin olarak kullanilmaktadir. Bununla birlikte, tiretim hacmi
sinirlamalari, karmasik montaj gereksinimleri ve hasarli parcalarin onarimi gibi nedenlerle
eklemeli imalatla {iretilen polimer pargalarin giivenilir sekilde birlestirilmesi 6nemli bir
miihendislik problemi olarak 6ne c¢ikmaktadir. Bu kapsamda yapistirict ile birlestirme
yontemleri, hafiflik saglamasi, gerilme yigilmalarini azaltmasi ve farkli malzemelerin
birlestirilmesine olanak tanimasi nedeniyle mekanik baglanti yontemlerine alternatif olarak
degerlendirilmektedir.

Bu c¢alismada, eklemeli imalatla {iretilen polimer pargalarin yapistirict ile birlestirilmesinde
mekanik performansi etkileyen temel faktorler giincel literatiir 1s18inda kapsamli olarak
incelenmistir. Yapistirici tiirti, ylizey hazirlama yontemi, yapistirici tabakasi kalinligi, kiirleme
kosullari, baski parametreleri, malzeme tiirii ve iiretim yonelimi gibi degiskenlerin baglanti
dayanimi {izerindeki etkileri karsilastirmali olarak degerlendirilmistir. Ayrica, farkh
aragtirmalarda elde edilen bulgular birlikte ele alinarak mevcut yaklagimlarin avantajlari,
siirliliklart ve literatlirde one ¢ikan aragtirma egilimleri tartigilmistir.

Yapilan degerlendirmeler sonucunda, mekanik performansin yalnizca yapistirict se¢imine
degil; ylizey hazirlama yontemi, iiretim parametreleri ve uygulama kosullarinin birlikte
optimize edilmesine bagli oldugu goriilmektedir. Calismanin, eklemeli imalatla tiretilen
polimer parcalarin yapistirici ile birlestirilmesine yonelik yiiriitiilecek gelecekteki deneysel
aragtirmalar ile endiistriyel uygulamalara yol gosterici nitelikte kapsamli bir kaynak
olusturacagi degerlendirilmektedir.

Anahtar Kelimeler: Eklemeli Imalat, Yapistiric1 ile Birlestirme, Polimer Malzemeler,
Mekanik Performans, Literatiir Degerlendirmesi.

ABSTRACT

Additive manufacturing technologies have been widely adopted in various fields, particularly
in the automotive, aerospace, biomedical, and defense industries, due to their capability to
rapidly and economically produce parts with complex geometries. However, the reliable joining
of polymer parts fabricated by additive manufacturing has emerged as an important engineering

August 18-19, 2026 / Sanlurfa, Tiirkiye 118



EL RUHA 15th INTERNATIONAL CONFERENCE ON SCIENTIFIC RESEARCH

challenge due to limitations in production volume, complex assembly requirements, and the
need for repair of damaged components. In this context, adhesive bonding methods have been
considered as an alternative to mechanical fastening techniques because they provide
lightweight structures, reduce stress concentrations, and enable the joining of dissimilar
materials.

In this study, the key factors affecting the mechanical performance of adhesively bonded
polymer parts produced by additive manufacturing are comprehensively reviewed based on the
recent literature. The effects of adhesive type, surface preparation method, adhesive layer
thickness, curing conditions, printing parameters, material type, and build orientation on the
joint strength are comparatively evaluated. Furthermore, the findings reported in different
studies are analyzed collectively to discuss the advantages, limitations, and emerging research
trends in current approaches.

The overall assessment indicates that the mechanical performance of adhesively bonded
additive-manufactured polymer components is not solely dependent on adhesive selection but
also on the integrated optimization of surface treatment methods, manufacturing parameters,
and application conditions. This review provides a comprehensive reference for future
experimental investigations and industrial applications involving adhesive joining of polymer
components fabricated through additive manufacturing.

Keywords: Additive Manufacturing, Adhesive Bonding, Polymer Materials, Mechanical
Performance, Literature Review.

Giris

Eklemeli imalat (Additive Manufacturing, AM) teknolojileri, geleneksel imalat yontemleriyle
elde edilmesi zor veya imkansiz olan karmasik geometrilerin hizli, ekonomik ve diisiik
malzeme kaybi ile liretilmesine olanak tanir. Otomotiv, havacilik, biyomedikal ve savunma
sanayisi basta olmak {izere bir¢ok alanda yayginlasan bu teknolojiler; tasarim o6zgiirligi,
kisisellestirilmis iiretim ve kisa imalat siireleri gibi 6nemli avantajlar sunmaktadir (Yalgin &
Ergene, 2017). Ancak baski hacmi sinirlamalari, karmasik montaj gereksinimleri ve hasarl
bilesenlerin yerinde onarimi gibi durumlarda polimer esasli pargalarin giivenilir bir sekilde
birlestirilmesi kritik bir miihendislik problemi olarak 6ne ¢ikmaktadir.

Polimer pargalarin birlestirilmesinde civata veya pergin gibi mekanik baglanti elemanlarinin
kullanim1 ilave agirliga, yerel gerilme yigilmalarina ve tabakalar arasi hasar riskine yol
acmaktadir (Tiirkoglu, 2020). Bu dogrultuda yapistirict ile birlestirme yontemleri; hafif yapilar
olusturmasi, gerilmeleri genis bir alana yaymasi, farkli polimer kombinasyonlarinin
birlestirilmesine imkan tanimasi ve ylizey biitiinliigiinii korumasi nedeniyle gii¢lii bir alternatif
sunmaktadir (Banea & da Silva, 2009). Bununla birlikte termoplastiklerin diisiik yiizey enerjisi,
heterojen ylizey piirlizliiliigii ve FDM (Fused Deposition Modeling) yontemine 6zgii katmanl
morfoloji, yapistirma ara ylizeyinde yeterli mekanik performansin elde edilmesini
zorlastirmaktadir.

Literatiirde yiiriitiilen deneysel arastirmalar, baglanti mukavemetinin ¢ok sayida parametrenin
karmasik etkilesimine bagli oldugunu gostermektedir. Doluluk orani ve katman kalinlig1 gibi
baski parametrelerinin artmasi ¢ekme dayanimini dogrudan etkilerken (Ozdogan, 2021; Polat
vd., 2018, 2021), yapistirict tiirii ve tabaka kalinlig1 birlestirme performansinda belirleyici rol
oynamaktadir (Canadas vd., 2019). Ayrica boru ve L-tipi baglant1 geometrilerinde yapistirici
kalinliginin optimize edilmesi, bindirme uclarindaki gerilme yigilmalarin1 belirgin sekilde
soniimlemektedir (Kurtkan, 2016; Sarag, 2021; Yilmaz, 2020). Sandvig ve biyo-esinli yapilarda
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ise hiicre boyutu ile baglanti geometrisinin mekanik davranisi dogrudan yonettigi bildirilmistir
(Eser, 2021; Gegit, 2021).

Mekanik performansi artirmada ylizey modifikasyonlar1 hayati Onem tasimaktadir.
Zimparalama gibi mekanik islemlerin yan1 sira soguk atmosferik plazma ve kimyasal daglama
uygulamalar yiizey enerjisini artirarak yapisma kalitesini yiikseltmektedir (Akdogan & Yalgin,
2020; Zhang vd., 2024). Son donemdeki arastirmalar ise FDM parc¢alarinin yiizey piirtizliligi
ile birlestirme geometrisinin optimizasyonuna (Moradi vd., 2023), statik ve dinamik ytikler
altindaki mekanik yanitlara (Silva & Campilho, 2023) ve PETG/ABS esash yapilardaki hasar
modlarmin tespiti ile ¢evresel yaslanma/yorulma davramiglarima odaklanmigtir (Kumar &
Singh, 2024; Pappas & Dong, 2022; Rauch vd., 2018; Wang & Zhao, 2025). Binder jetting gibi
farkli eklemeli imalat yontemlerinde de baglayici oraninin ve 1s1l girdinin yapisal biitiinliik
iizerindeki etkileri arastirilmistir (Chumnanklang vd., 2007; Makarag, 2021).

Tiim bu gelismeler 15181nda, eklemeli imalat pargalarinin yapistirici ile birlestirilmesinde tek bir
parametre yerine; malzeme tiirli, yiizey hazirligi, yapistirici kimyasi ve baski parametrelerinin
biitiinciil (entegre) bir yaklasimla degerlendirilmesi gerekmektedir. Bu c¢aligmanin amaci,
eklemeli imalatla iretilmis polimer parcalarin yapistirici ile birlestirilmesinde mekanik
performansi etkileyen temel faktorleri giincel literatiir cercevesinde sistematik olarak incelemek
ve gelecekteki arastirmalar ile endiistriyel uygulamalara yonelik tasarim kriterleri sunmaktir.

Literatiirdeki Calismalarin Karsilastirmah Analizi

Eklemeli imalatla iiretilmis polimer parcalarin yapistirict ile birlestirilmesi {izerine yiiriitiilen
deneysel arastirmalar; malzeme tiirii, ylizey hazirligi, kullanilan yapistirict kimyast ve
uygulanan test standartlar1 agisindan belirgin farkliliklar gostermektedir. Literatiirde 6ne ¢ikan
baslica ¢alismalar Tablo 1'de sistematik olarak karsilagtirilmistir.

Tablo 1. Eklemeli Imalat Polimerlerinin Yapistirici ile Birlestirilmesine Yonelik Literatiir
Analizi

Malzem Ylzey
Calisma e (3B ¥3$€]§tlna Hazirlama ;J)?etgltana ggm}ellarBulgular /
Baski) Yontemi ¢
Doluluk oranmi arttik¢a
Loctite EA dayanim artmigtir.
Polat vd. PLA 9492 / Zimparalama / Cekme Loctite'ta tabaka
(2021) Teroson PU Temizlik (Tensile) kalinlig1 dayanimi
9225 artirirken  Teroson'da
diigtirmiistiir.
Yiizey piiriizliligiiniin
artmast adezyonu
. . iyilestirmistir. 0.52
Canadas Epoksi esash Yizey Cekme /
vd. (2019) ABS apistirici Purtizlendirme Kesme mm yapistirict
' yap kalinliginda en yiiksek
hasar  yuki  elde
edilmistir.
Plazma ylzey
- o aktivasyonu ylizey
Akdogan PLA, Farkli Soguk . Cekme- enerjisini artirarak
& Yal¢n Atmosferik
ABS Yapistiricilar Kesme yapigma
(2020) Plazma N
mukavemetini belirgin
sekilde yiikseltmistir.
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Malzem Yuzey
Calisma e (3B ¥3$&$tll‘l€l Hazirlama lr.]J)_/rgeL;Itana 'Sl'grr]rLellarBulgular /
Baski) Yontemi ¢
Yapistirict kalinliginin
. Yapisal . Kesme artirtlmast ~ bindirme
Sarag Polimer Akrilik / Mek.amk (Gerilme uclarindaki ~ gerilme
(2021) Boru ) Temizleme - 9
Epoksi Analizi) yigilmalarini
soniimlemistir.
Baski yoniiniin yiik
eksenine  paralelligi
dayanimi  artirmistir;
Rauch ABS / Yapisal ’
vd. (2018) CE-ABS Yapistmrcilar Zimparalama Cekme katma_n arasi zay_lﬂllf
nedeniyle CF takviyesi
beklenenden diistik
cikmustir.
Cam elyaf takviyesi
Pappas & ABS Epoksi . darbe direncini
D (GF/ICF Kimyasal / Cekme &
ong Takvivel (Vakum Mekanik Darbe artirirken, karbon fiber
(2022) i y Infiizyon) katman  ayrigmasina
yol acabilmistir.

Yapistiricilar ve Ozellikleri

Sekil 1’de yapistirma bolgesindeki hasar mekanizmalari li¢ ana grupta incelenir: Yapistirici ile
polimer yiizey arasindaki bagin kopmasi (Adezyon Hasar1), yapistiricinin kendi i¢ yapisindan
bolinmesi (Kohezyon Hasar1) ve eklemeli imalatla iiretilen par¢canin katmanlarindan ayrilmasi
(Tabaka/Substrat Hasar1). Biitiinciil bir tasarimda hedef, adezyon kuvvetini kohezyondan
yiiksek tutarak substrat veya kohezyon hasar rejimine ulasmaktir.
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Polimer malzeme se¢imi
PLA / ABS / PETG

Yiizey enerjisi kontroli
Dustik / yiksek enerji

Yiizey islemi
Zimpara / plazma / solvent

Yapistirici se¢imi

Epoksi / siyanoakrilat / politretan

Kiirlenme ve test
Bag dayanimi dogrulamasi

Sekil 1. Polimer tiiriine gore yiizey islemi ve yapistirici se¢im siireci

Yapistiricilar, aym1 ya da farkli yilizeylere sahip parcalarin bir arada tutulmasini saglayan
kimyasal maddelerdir. Bu maddeler ylizeyler arasina uygulanarak, malzemelerin birlesmesini
saglayan “yapistirma” islemini miimkiin kilar. Bu siirecte iki temel etkilesim mekanizmasi
devreye girer: kohezyon ve adezyon. Ayni tiir molekiiller arasindaki ¢ekim kuvveti kohezyon,
farkl: tiirdeki molekiillerin birbirine baglanmasi ise adezyon olarak tanimlanir (Giirsel, 2019).
Etkili bir yapistirma iglemi igin yapistiricinin yiizeyin tim mikropdrizlerine niifuz etmesi
gerekir. Bu da yiizeyin temizligine dogrudan baglhdir; zira toz, yag, pas gibi kontaminasyonlar
yapistiricinin etkinligini azaltarak baglantinin zayiflamasina neden olabilir.

Bu {i¢ hasar modu arasindaki farkin gorsel olarak karsilagtirilmasi Sekil 2°de sunulmustur.

Polimer parca Polimer parca Pt pare
Yapistirici P e Yapistirici
Polimer parca Polimer parca Polimer parca
Adezyon hasari Kohezyon hasan Tabaka / substrat hasar
Ara yiizeyde ayriima Yapistirici iginde bolinme Katmanlar arasi ayrima
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Sekil 2. Yapistirma bolgesinde gozlenen temel hasar mekanizmalari: adezyon, kohezyon ve
tabaka/substrat hasari

Yapistiricilarin Fonksiyonlar:

Yapistiricilar, geleneksel mekanik baglantt elemanlarinin  yerini  alabilecek  giiclii
alternatiflerdir. Ozellikle polimer esasli yapistiricilar, hafiflik, yiiksek dayanim ve yiizeye zarar
vermeme gibi avantajlar sunmaktadir. Yapistiricilarin baslica gorevleri su sekilde 6zetlenebilir:

. Ayni1 veya farkli tiirden malzemeleri bir arada tutabilme,
. Ince plakalarda hassas ve zarar vermeden birlestirme,

. Korozyon direncini artirma ve yalitim saglama,

. Hassas toleranslara gerek kalmaksizin baglant1 olugturma,

. Titresim ve ses yalitim1 gibi soniimleme 6zellikleri sunma (Banea & da Silva, 2009;
Akcakale, t.y.).

Yapistiricillarin Yapisi ve Polimerik Ozellikleri

Yapistiricilarin  temel bileseni dogal ya da sentetik polimerlerdir. Bu maddeler, yiiksek
molekiiler agirliklar1 nedeniyle genis bir agirlik araliginda tanimlanir. Polimerlerin zincir
uzunlugu ve bu zinciri olusturan monomer sayisi, yapistiricinin fiziksel ve Kkimyasal
performansini belirler (Nie vd., 2022). Baz1 yapistiricilar polimerizasyon yoluyla elde edilir.

Ornegin, poliadisyon tepkimesiyle monomerlerin u¢ uca eklenmesi sonucu elde edilen
polimerler, giiclii yapistirici karakteri gdsterebilir.

Yapistiricilarda Kullanilan Polimer Tiirleri
Dogal Yapistiricilar:

Bitkisel ya da hayvansal kokenli bu maddeler kazein, nisasta, dekstrin gibi bilesenlerden olusur.
Suda ¢oziinebilir olmalar1 kullanim kolaylig1 saglasa da rutubet ve suya kars1 dayanikliliklar
diisiiktiir. Ozellikle ambalaj sektériinde siklikla tercih edilir (Yalginkaya vd., 2019).

Termoplastik Yapistiricilar:

Sellloz tiirevleri, PVA, PVC, PE, PP ve PVAL gibi polimerlerden olusurlar. Bu tiir
yapistiricilar sivi ¢ozelti, emiilsiyon veya isitildiginda eriyebilen kati formda olabilirler.
Cogunlukla organik ¢oziiciilerde ¢oziinerek yiizeye uygulanirlar (Gokkurt, 2007).

Termoset Yapistiricilar:

Is1 ile kimyasal yap1 degistirerek erimeyen form kazanan yapistiricilardir. Epoksi, polyester ve
aminoplastik re¢ineler bu grupta yer alir. Bu tiir yapistiricilar yliksek mukavemet ve kirilma
direnci saglarlar. Sivi, pasta veya toz formda bulunabilirler (Togar, 2021).

Elastomer Esash Yapistiricilar:

Dogal kaucuk, SBR, kloropren gibi elastomerlerden tiiretilmis yapistiricilardir. Esneklik
gerektiren uygulamalarda kullanilirlar. Ancak, yiiksek sicakliklara karsi1 sinirli direng sunarlar.
Ozellikle tekstil, deri ve kauguk endstrilerinde tercih edilirler.

Polimer Karisim Yapistiricilar:

Farkl1 polimerlerin bir araya getirilmesiyle olusturulan bu yapistiricilar, yiiksek sicaklik, basing
ve kimyasal etkiye kars1 direngli baglantilar olusturabilir. Ozellikle metal, cam ve seramik gibi
yuzeylerde tercih edilir.
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Yukarida tanimlanan bes yapistirici sinifinin hiyerarsik 6zeti Sekil 3’te gosterilmektedir.

Yapistincilarda kullanilan
polimer tiirleri

Dogal Termoplastik Termoset Elastomer esash Polimer karisimi
yapistincilar yapistiricilar yapistiricilar yapistiricilar yapistincilar

Kazein, nisasta, dekstrin PVA, PVC, PE, PP, PVAL Epoksi, polyester, aminoplast Dogal kauguk, SBR, kloropren Cok bilesenli hibrit sistemler

Sekil 3. Yapistiricilarda kullanilan polimer tiirlerinin siniflandirilmasi
Loctite ve Pattex Yapistiricilarinin incelenmesi

Bu c¢alismada, 3B yazicilarla {iretilmis ABS, PLA ve PETG gibi farkli termoplastik
malzemelerin birlestirilmesinde yaygin olarak kullanilan iki yapistirici segilmistir: Loctite HY
4070 ve Pattex 2K. Her iki yapistirict da mithendislik uygulamalarinda hizli kiirlenme, giiclii
yapisma ve yiiksek dayanim 6zellikleriyle 6ne ¢ikmaktadir.

Loctite HY 4070

Loctite HY 4070, ¢ift bilesenli, jel kivaminda bir hibrit yapistiricidir. Seffaf-sarimsi goriiniimde
olup, metal, plastik, kaucuk gibi ¢ok cesitli yiizeylere uygulanabilir. Oda sicakliginda hizl
kiirlenme saglar ve nemden etkilenmeden performansini siirdiirebilir. Yapisal onarim,
kenar/kose birlestirmeleri, farkli malzeme kombinasyonlarinin yapistirilmas: gibi genis bir
uygulama yelpazesi mevcuttur.

Uygulama asamalari:

. Yiizeylerin kuru, temiz ve kirden arindirilmis olmasi gerekir.
. Iki bilesen homojen sekilde karistirilir.
. Kartus dik konumda tutulur, hava kabarciklar giderilerek karigim hazir hale getirilir.
. Hazirlanan yapistiric1 yiizeylerden birine uygulanir ve yiizeyler hemen birlestirilir.
. Parcalar sabit sekilde sabitlenmeli ve 24 saat slireyle mekanik etkiye maruz
birakilmamalidir.
Tablo LOCTITE HY 4070 Teknik Bilgileri
Ozellik Deger
Icerik Akrilik Hibrit
Bilesen Sayisi 2
Bosluk Doldurma 5.00 mm
Renk, Regine Sar1
Viskozite Yok
FEA (Finite Element Analysis) Viskoelastik
Kopma Dayanimi 25.0 N/mm?
Yapigma Siiresi (Aliiminyum, 0.5mm bosluk) <60.0 saniye
Caligsma Sicakligr (Karisik) -40.0 — 100.0 °C
Hacme Gore Karigim Orani 10:01
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| Fikstiir Siiresi I 0.1 N/mm?’lik kesme mukavemeti siiresi |

Pattex 2K

Pattex 2K, cift bilesenli yapiya sahip, genel amacli giiclii bir yapistiricidir. Farkli malzeme
tiirlerini birlestirme, tamir etme ve montaj islemlerinde yaygin olarak kullanilmaktadir. Ahsap
ylizeylerden metale, plastige ve elastomer esasli malzemelere kadar genis bir yelpazede etkili
yapigma performans sergiler. Ozellikle esnek yiizeylerin birlestirilmesinde gosterdigi yiiksek
performans, kauguk, lastik ve plastik gibi deformasyona agik malzemelerle kullanimini
miimkiin kilar. Ahgap parcalarda ise hem onarim hem de sabitleme islemlerinde kolay ve pratik
bir ¢6ziim sunar.

Yapistirici, yiizey emilimine karsi gelistirdigi direng sayesinde yiiksek yapigsma mukavemeti
saglamaktadir. Endiistriyel uygulamalarin yani sira hobi ve ev tipi onarimlarda da tercih edilen
bu {iriin, hizl kiirleme siiresiyle de 6ne ¢ikmaktadir.

Uygulama Asamalari:

. Uygulama yapilacak yiizeyler kuru, temiz ve yabanci maddelerden (toz, yag, kir)
tamamen arindirilmalidir.

. Oncelikle aktivator, yiizeye yaklasik 20-25 cm mesafeden piskirtuliir. Uygulama
sonrasi 3 saniyelik kisa bir bekleme stiresi yeterlidir.

. Aktivatdr, yanici 0zellige ve basingli ambalaj igerigine sahiptir. Bu nedenle uygulama
sirasinda iyi havalandirilan alanlarda g¢alisilmali; uzun siireli kullanim durumunda solunum
maskesi veya taze hava maskesi tercih edilmelidir. Cilt temasi, ezilme ve 1s1 ile temasi halinde
dikkatli olunmalidir.

. Ardindan yapistiricinin ikinci bileseni ytizeye siiriiliir ve diger parga ile temas ettirilerek
birlestirme islemi gergeklestirilir.

. Birlestirilen parcalar sabitlenerek kisa stireli baski uygulanmalidir.

. Tam yapisma icin sadece 10 saniyelik bir siire yeterlidir; bu siire boyunca obje dis

etkenlerden korunmali, darbe ya da yer degistirme olmamalidir.

Pattex 2K’nin hizli reaksiyon siiresi ve giiclii adezyon 6zelligi, onu ¢ok cesitli uygulama
alanlarinda pratik ve etkili bir ¢6ziim haline getirmektedir.

Iki yapistiricinin kopma dayanimi ve yapisma siiresi bakimindan karsilastirilmasi Sekil 4’te
verilmigtir.
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Sekil 4. Loctite HY 4070 ve Pattex 2K yapistiricilarinin karsilastirmali teknik performansi
Tablo 2.2. PATTEX 2K Teknik Bilgileri
Kaynak: http://www.yonkimya.net/documents/282.html

Ozellik Deger

Icerik Polikloropren ve regine esasli yapistirici
Bilesen Sayisi 2

Kimyasi Siyanoakrilat

Renk Seffaf

Sertlesme Siiresi 5~10sn

Aktivator Heptan

Yogunluk (20°C) 1,06 —1,08 g/cm? (8.84 —9.01 Ib/gal)
Kopma Dayanimi 20 N/mm?

Vizkozite 1200-1700 cps

Is1 Dayanimi (-)50°C’den 80°C

Parlama Noktasi >85°C

Literatiirdeki Arastirma Bosluklar1 ve Gelecek Cahisma Onerileri

Eklemeli imalatla iiretilen polimer parcalarin yapistiric ile birlestirilmesine yonelik yliriitiilen
calismalar incelendiginde, alanda 6nemli gelismeler kaydedilmekle birlikte halen ¢oziilememis
bazi teknik eksiklikler ve arastirma bosluklari (research gaps) tespit edilmistir:

Baski Anizotropisi ve Yapisma Iliskisi: Mevcut calismalar cogunlukla dikey veya yatay bask1
yonelimlerine odaklanmistir. Farkli acilarda (6rnegin 45°) tiretilen katmanli yapilarin yapistirici
ara ylizeyiyle etkilesimi ve mikro-bosluklarin yapistirict niifuziyetine etkisi detayl
haritalandirilmamastir.

Cevresel Yaslanma ve Uzun Siireli Dayamim: Literatiirdeki verilerin biiyiik kismi1 oda
sicakliginda yapilan statik cekme ve kesme testlerine dayanmaktadir. Nem, UV radyasyonu,
sicaklik dongiileri ve kimyasal ortamlara maruz kalan yapistirma baglantilarinin uzun dénemli
yorulma ve suriinme (creep) davranislari tizerine arastirmalar oldukga sinirhidir.

Standart Test Metodolojisi Eksikligi: FDM parcalarinda dolgu deseni (gyroid, honeycomb,
grid vb.) ve doluluk oraninin degismesi, ASTM D1002 (kesme) ve ASTM D638 (¢ekme) gibi
standart testlerde gerilme dagilimini degistirmektedir. Eklemeli imalat parcalarinin yapistirma
testleri i¢in 6zellestirilmis test standartlarina ihtiyag duyulmaktadir.
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Tahribatsiz Muayene (NDT) Yoéntemleri: Yapistirma hattindaki hava kabarciklar1 veya
yapismama kusurlarinin ultrasonik test veya termografi gibi yontemlerle tespit edilmesine
yonelik ¢aligmalar eklemeli imalat polimerleri i¢in heniiz emekleme asamasindadir.

Bu derlemede ele alinan ve mekanik performansi biitiinciil bigimde etkileyen temel degiskenler
Sekil 5’te 6zetlenmistir.

Yapistirici
tird

Yluzey hazirlama Malzeme tira ve
yontemi uretim yonelimi

Mekanik

performans

Yapistirici tabakasi Baski
kalinhgi parametreleri

Kiirleme
kosullarn

Sekil 5. Yapistirict ile birlestirilen eklemeli imalat pargalarinda mekanik performansi etkileyen
temel faktorler

Sonuglar

Eklemeli imalatla iiretilmis polimer parcalarin yapistiric1 ile birlestirilmesine iliskin giincel
literatiiriin kapsaml1 incelemesi sonucunda elde edilen temel bulgular asagida 6zetlenmistir:

En Bagarili Yapistirict Tiirleri: Mithendislik uygulamalarinda yiiksek mekanik performans ve
soyulma direnci agisindan iki bilesenli epoksi esasli yapistiricilar ile hizli kiirlenme ve darbe
sonlimleme sunan akrilik/siyanoakrilat hibrit yapistiricilar en yiiksek baglantt mukavemetini
saglamaktadir.

Yiizey Hazirligimin Etkisi: Termoplastiklerin diisiik ylizey enerjisini artirmak i¢in yalnizca
mekanik zimparalama yeterli olmamakta; soguk atmosferik plazma ve kimyasal
daglama/solvent uygulamalari 1slanabilirligi ve adezyon kuvvetini 6nemli 6l¢iide artirmaktadir.

Malzeme Tiiriine Gore Yapigsma Davranisi: PLA pargalar rijit yapilar1 sayesinde ¢ekme
gerilmelerinde yliksek degerler sunarken, ABS ve PETG gibi malzemelerde yiizey polaritesinin
diisiik olmas1 nedeniyle yapistirici 6ncesi yiizey aktivasyonu zorunluluk arz etmektedir.
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Uretim Parametrelerinin Rolii: Baglantt mukavemeti sadece yapistiriciya degil, parga doluluk
oranina (%100'e yaklastikga mukavemet artar) ve yapistiric1 tabakasi kalinliginin optime
edilmesine (genellikle 0.1-0.5 mm aras1) dogrudan baglidir.
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Ozet

Eklemeli imalat teknolojileri, karmasik geometrilerin liretimine olanak saglamasi, diisiik
malzeme tiikketimi ve tasarim esnekligi gibi avantajlari nedeniyle giiniimiizde birgok
miihendislik uygulamasinda yaygin olarak kullanilmaktadir Bununla birlikte, polimer esasl
eklemeli imalat parcalarinin mekanik performansindaki sinirlamalar, yiiksek dayanim
gerektiren uygulamalarda 6nemli bir arastirma konusu olmaya devam etmektedir. Bu nedenle
fiber takviyeli polimer kompozitlerin eklemeli imalat sureglerine entegrasyonu, mekanik
ozelliklerin gelistirilmesi a¢isindan 6nemli bir yaklasim olarak degerlendirilmektedir

Bu caligmada, eklemeli imalat yontemiyle liretilen fiber takviyeli polimer kompozitlerin
mekanik performansini etkileyen temel faktorler literatiir arastirmasi kapsaminda incelenmistir.
Fiber tiirli, matris malzemesi, fiber oran1 ve yonlenmesinin yani sira; katman ytiksekligi, baski
yonil, raster acisi, doluluk orani ve iiretim sicakligi gibi proses parametrelerinin mekanik
ozellikler iizerindeki etkileri degerlendirilmistir. Ayrica, Taguchi, yapay zeka ve makine
O0grenmesi tabanli optimizasyon yaklasimlarinin kompozit pargalarin performans
gelistirilmesindeki rolii ele alinmistir

Literatiir degerlendirmesi sonucunda, karbon fiber, cam fiber ve siirekli fiber takviyeli
kompozitlerin yiiksek mekanik performans gerektiren uygulamalarda 6nemli avantajlar
sagladig1 fiber sistemleri ve yapay zeka destekli tiretim yaklasimlarinin ise gelecekte eklemeli
imalat kompozitlerinin gelisiminde belirleyici olacagi goriilmektedir

Anahtar Kelimeler: Eklemeli imalat, FDM, fiber takviyeli polimer kompozitler, karbon fiber,
mekanik performans, proses optimizasyonu, makine égrenmesi

ABSTRACT

Additive manufacturing technologies have become widely used in various engineering
applications due to their advantages, such as the ability to produce complex geometries, reduced
material waste, and high design flexibility. However, the limitations in the mechanical
performance of polymer-based additive manufactured parts remain a significant challenge,
particularly for structural applications requiring high strength. Therefore, the integration of
fiber-reinforced polymer composites into additive manufacturing processes has emerged as an
effective approach for improving mechanical properties.
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In this study, the key factors affecting the mechanical performance of fiber-reinforced polymer
composites produced by additive manufacturing were investigated through a comprehensive
literature review. The effects of fiber type, matrix material, fiber content, and fiber orientation,
as well as process parameters including layer height, printing orientation, raster angle, infill
density, and printing temperature, were evaluated. Furthermore, the role of optimization
approaches based on Taguchi methods, artificial intelligence, and machine learning in
enhancing the performance of composite parts was discussed.

The literature evaluation revealed that carbon fiber, glass fiber, and continuous fiber-reinforced
composites provide significant advantages for high-performance engineering applications. In
addition, sustainable fiber systems and artificial intelligence-assisted manufacturing approaches
are expected to play a critical role in the future development of additive manufacturing
composites. This review provides a comprehensive perspective on current trends, challenges,
and future opportunities for improving the mechanical performance of fiber-reinforced polymer
composites produced by additive manufacturing.

Keywords: Additive manufacturing, FDM, fiber-reinforced polymer composites, carbon fiber,
mechanical performance, process optimization, machine learning

Giris

Eklemeli imalat (Additive Manufacturing, AM) teknolojileri, geleneksel Gretim yontemlerine
kiyasla karmagik geometrilerin hizli, diisiik malzeme kaybiyla ve dogrudan bilgisayar destekli
tasarim verilerinden iretilebilmesine olanak saglamasi nedeniyle son yillarda biiyiikk 6nem
kazanmustir (Gibson vd., 2021). Ozellikle prototipleme siireclerinde baslayan kullanim alan,
giiniimiizde havacilik, otomotiv, biyomedikal, savunma sanayii ve tlketici trunleri gibi birgok
endiistriyel alana genislemistir (Ngo vd., 2018). Eklemeli imalat teknolojileri arasinda yer alan
ergiyik yigma modelleme (Fused Deposition Modeling, FDM), diisiik maliyetli ekipmanlari,
genis malzeme secenekleri ve kolay uygulanabilirligi sayesinde polimer esasli pargalarin
tiretiminde en yaygin kullanilan yontemlerden biri haline gelmistir (Popescu vd., 2018).

Bununla birlikte, FDM yontemiyle {iretilen geleneksel termoplastik parcalarin mekanik
ozellikleri, 6zellikle katmanlar arasi zayif bag olusumu, anizotropik yapi, sinrl rijitlik ve diisiik
darbe dayanimi gibi nedenlerle miihendislik uygulamalarinda bazi kisitlamalara sahiptir
(Chacon vd., 2017). Bu nedenle, eklemeli imalat ile iiretilen polimer parcalarin mekanik
performansinin artirilmasi amactyla fiber takviyeli polimer kompozit malzemelerin kullanimi1
giderek yayginlagmaktadir. Fiber takviyeler, polimer matris igerisinde yiik tagima kapasitesini
artirarak ¢ekme dayanimi, elastisite modiilii, yorulma dayanimi ve boyutsal kararlilik gibi
onemli mekanik 6zelliklerin gelistirilmesine katki saglamaktadir (Ning vd., 2015).

Karbon fiber, cam fiber, aramid fiber ve dogal fiberler gibi farkli takviye elemanlari, eklemeli
imalat siireglerinde kullanilan polimer malzemelerin performansimni iyilestirmek amaciyla
yaygin olarak arastirilmaktadir (Wang vd., 2017). Ozellikle karbon fiber takviyeli PLA, PETG,
ABS ve PA esasli kompozitler; yliksek 6zgiil dayanim, diisiik yogunluk ve {istiin mekanik
ozellikleri nedeniyle havacilik ve otomotiv uygulamalarinda dikkat ¢cekmektedir (Tekinalp vd.,
2014). Bununla birlikte, fiber tipi, fiber uzunlugu, fiber orani, fiber yonlenmesi ve matris-fiber
ara ylizey baglanmasi gibi faktorler, elde edilen kompozit parcalarin mekanik davranigini
dogrudan etkilemektedir (Ning vd., 2015).

Eklemeli imalat siirecinde yalnizca kullanilan malzeme tiirii degil, ayn1 zamanda iiretim
parametreleri de kompozit pargalarin performansinda kritik rol oynamaktadir. Katman
yiiksekligi, baski yonii, doluluk orani, raster agisi, baski sicakligi ve tretim hizi gibi
parametreler; i¢ yap1 olusumunu, katmanlar aras1 adezyonu ve mekanik dayanimi belirleyen
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temel faktorler arasinda yer almaktadir (Sood vd., 2010; Popescu vd., 2018). Bu nedenle, fiber
takviyeli polimer kompozitlerin eklemeli imalat yontemiyle basarili sekilde tiretilebilmesi i¢in
malzeme 6zellikleri ile liretim parametrelerinin birlikte degerlendirilmesi gerekmektedir.

Son yillarda gergeklestirilen calismalar, fiber takviyeli eklemeli imalat kompozitlerinin
mekanik performansini artirmaya yonelik farkli yaklagimlar {izerine yogunlagsmistir. Bu
kapsamda, iiretim parametrelerinin optimizasyonu ig¢in Taguchi yoOntemi, yanit yiizey
metodolojisi (Response Surface Methodology, RSM), yapay sinir aglar1 ve makine dgrenmesi
tabanli yontemler kullanilmaktadir (Ulkir & Akgun, 2024; Ozkul vd., 2025). Ayrica, siirekli
fiber takviyeli eklemeli imalat teknolojileri ve hibrit tiretim yaklagimlari, geleneksel kisa fiber
takviyeli filamentlere alternatif olarak gelistirilmektedir (Dickson vd., 2017; Fang vd., 2024).

Bu caligmada, eklemeli imalat ile iiretilen fiber takviyeli polimer kompozitlerin mekanik
performansmi etkileyen temel faktorler kapsamli bir literatiir arastirmasi ile incelenmistir.
Calisma kapsaminda kullanilan takviye malzemeleri, polimer matris sistemleri, Uretim
parametrelerinin etkileri ve mekanik 6zelliklerin gelistirilmesine yonelik giincel yaklagimlar
degerlendirilmistir. Ayrica, gelecekteki arastirma egilimleri kapsaminda stirdiiriilebilir
malzemeler, yapay zeka& destekli optimizasyon ydntemleri ve gelismis kompozit iiretim
stratejileri ele alinarak eklemeli imalat kompozitlerinin gelecekteki gelisim yonii tartigilmigtir.

Eklemeli imalatta Kullanilan Fiber Takviyeli Polimer Kompozit Malzemeler

Eklemeli imalat teknolojilerinde kullanilan polimer esasli kompozit malzemeler, diisiik
yogunluk, tasarim esnekligi ve iiretim kolaylig1 gibi avantajlar1 nedeniyle geleneksel metalik
malzemelere alternatif olarak degerlendirilmektedir (Gibson vd., 2021). Ancak saf polimerlerin
mekanik oOzelliklerinin miihendislik uygulamalarindaki beklentileri karsilamada yetersiz
kalmasi, fiber takviyeli kompozit yapilarin gelistirilmesini gerekli hale getirmistir. Fiber
takviyeler, polimer matris icerisinde yiik tagima gorevini iistlenerek malzemenin dayanimini,
rijitligini ve termal kararliligini artirmaktadir (Ning vd., 2015).

Eklemeli imalat siire¢lerinde kullanilan fiber takviyeli polimer kompozitler genel olarak kisa
fiber takviyeli kompozitler, siirekli fiber takviyeli kompozitler ve dogal fiber takviyeli
kompozitler olmak tzere ¢ temel grupta incelenmektedir (Gupta vd., 2025). Kullanilan fiber
tiirli, fiber geometrisi, takviye orani ve matris malzemesi, elde edilen mekanik o6zellikler
iizerinde belirleyici olmaktadir.

Karbon Fiber Takviyeli Polimer Kompozitler

Karbon fiber takviyeli polimer kompozitler, yiiksek mukavemet/agirlik orani, yiiksek elastisite
modiilii ve Ustlin yorulma dayanimi nedeniyle eklemeli imalat uygulamalarinda en fazla
arastirilan kompozit malzeme gruplarindan biridir (Tekinalp vd., 2014). Ozellikle havacilik,
otomotiv ve robotik sistemlerde kullanilan hafif ve yiiksek performansh pargalarin {iretiminde
onemli avantajlar saglamaktadir.

FDM teknolojisinde karbon fiber genellikle PLA, ABS, PETG ve poliamid (PA) esash
filamentlere kisa fiber formunda ilave edilmektedir. Karbon fiber ilavesi, polimer matrisin
rijitligini artirarak ¢ekme dayanimi ve boyutsal kararlilik iizerinde olumlu etkiler
olusturmaktadir (Ning vd., 2015). Bununla birlikte, yliksek fiber oranlarinin filament akis
ozelliklerini olumsuz etkileyebilmesi ve nozul aginmasina neden olabilmesi 6nemli tasarim
kriterleri arasinda yer almaktadir.

Literatiirde yapilan caligmalar, karbon fiber takviyeli filamentlerde mekanik performansin
yalnizca fiber miktaria bagli olmadigini, ayn1 zamanda fiber yonlenmesi ve katmanlar arasi
baglanma kalitesinden 6nemli dlciide etkilendigini gostermektedir (Tekinalp vd., 2014). Baski
yoniiniin fiber dogrultusu ile uyumlu olmasi durumunda yiik tasima kapasitesinde dnemli
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artiglar elde edilirken, katmanlar arasi zayif baglanma kompozit parcalarin kirilma davranigini
siirlayan temel faktorlerden biri olmaktadir (Ning vd., 2015).

Cam Fiber Takviyeli Polimer Kompozitler

Cam fiber takviyeli polimer kompozitler, diisiik maliyetleri, yliksek ¢cekme dayanimlar1 ve iyi
termal Ozellikleri nedeniyle eklemeli imalat uygulamalarinda yaygin olarak kullanilmaktadir
(Wang vd., 2017). Karbon fiber ile karsilastirildiginda daha diisiik 6zgiil mekanik 6zelliklere
sahip olmalarina ragmen ekonomik avantajlari nedeniyle endiistriyel uygulamalarda 6nemli bir
alternatif olusturmaktadir.

Cam fiber takviyesi ozellikle ABS, PETG ve poliamid esasli filamentlerde yaygin olarak
kullanilmaktadir. Fiber ilavesi, malzemenin elastisite modiiliinii artirirken termal genlesmeyi
azaltarak baski sirasinda olusabilecek deformasyonlarin kontrol edilmesine yardime1
olmaktadir (Wang vd., 2017).

Bununla birlikte, cam fiber takviyeli filamentlerde fiberlerin baski sirasinda akis yoniinde
hizalanmasi, mekanik Ozelliklerde yon bagimliligi olusturmaktadir. Bu nedenle baski
parametrelerinin optimize edilmesi, kompozit par¢alarin homojen ve tekrarlanabilir mekanik
Ozelliklere sahip olmasi agisindan biiylik 6nem tagimaktadir (Popescu vd., 2018).

Dogal Fiber Takviyeli Polimer Kompozitler

Sdrdirilebilir Uretim yaklagimlarinin 6nem kazanmasiyla birlikte dogal fiber takviyeli polimer
kompozitler, eklemeli imalat alaninda giderek daha fazla arastirilmaktadir. Keten, kenevir,
bambu, seliiloz ve odun esasl fiberler; diisiik yogunluklari, yenilenebilir kaynaklardan elde
edilmeleri ve gevresel avantajlari nedeniyle dikkat ¢ekmektedir (Le Duigou vd., 2020; Korger
vd., 2021).

Dogal fiberlerin polimer matrislere eklenmesi, mekanik 6zelliklerin gelistirilmesinin yan1 sira
biyolojik olarak daha siirdiiriilebilir malzemelerin gelistirilmesine olanak saglamaktadir. Ancak
dogal fiberlerin nem alma egilimi, matris ile zay1f ara ylizey baglar1 olusturabilmesi ve yliksek
sicakliklara kars1 sinirli dayanimi, kullanim alanlarini kisitlayan temel faktorlerdir (Korger vd.,
2021).

Bu nedenle giincel arastirmalar, dogal fiberlerin yiizey modifikasyonu, hibrit fiber kullanim1 ve
uygun polimer matris segimi {izerine yogunlasmaktadir. Ozellikle PLA gibi biyobazli
polimerlerle dogal fiberlerin kombinasyonu, ¢evreci eklemeli imalat uygulamalar1 agisindan
Oonemli bir aragtirma alani olusturmaktadir (Le Duigou vd., 2020; Ulkir vd., 2025).

Surekli Fiber Takviyeli Kompozitler

Son yillarda eklemeli imalat teknolojilerinde siirekli fiber takviyeli kompozit iiretimi 6nemli
gelismeler gostermistir (Dickson vd., 2017). Siirekli karbon fiber veya cam fiber kullanimu, kisa
fiber takviyeli kompozitlere kiyasla ¢ok daha yiiksek mekanik performans saglamaktadir.

Stirekli fiber takviyeli iiretim yontemlerinde fiberlerin yiikk tasima dogrultusunda
konumlandirilabilmesi, ozellikle ¢ekme ve egilme dayanimi agisindan onemli avantajlar
saglamaktadir (Fang vd., 2024). Bu teknoloji, havacilik ve savunma sanayii gibi yliksek
performans gerektiren uygulamalarda kullanilabilecek pargalarin iiretimine olanak
saglamaktadir.

Ancak siirekli fiber takviyeli eklemeli imalat yontemlerinde iiretim maliyetinin yiiksek olmasi,
proses kontroliiniin karmasik olmasi ve tasarim ozgilrligliniin simirli kalabilmesi halen
¢oziilmesi gereken 6nemli konular arasinda yer almaktadir (Thomas & Sakhaei, 2026).

Bu literatiir degerlendirmesi gostermektedir ki fiber takviyeli polimer kompozitler, eklemeli
imalat teknolojilerinin mekanik siirlamalarini azaltmada Onemli bir rol oynamaktadir.
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Eklemeli imalatta kullanilan baglica fiber tiirleri, uyumlu polimer matrisler, mekanik
performansa etkileri ve kullanim alanlar1 Tablo 1’de ozetlenmistir. Ayrica, farkli fiber
tiirlerinin 6zgiil mukavemet, modiil, maliyet ve siirdiiriilebilirlik gibi kriterler agisindan goreli
karsilagtirmas1 Sekil 1’de sematik olarak gosterilmektedir. Karbon fiber yiiksek performans
gerektiren uygulamalarda, cam fiber ekonomik ¢oziimlerde, dogal fiberler ise siirdiiriilebilir
iretim yaklasimlarinda one ¢ikarken; siirekli fiber teknolojileri gelecegin yiiksek dayanimli

eklemeli imalat ¢ozlimleri arasinda degerlendirilmektedir (Gupta vd., 2025).

Tablo 1. Eklemeli imalatta Kullamlan Fiber Takviyeli Polimer Kompozitlerin Genel

Ozellikleri
Fiber Turu Kullanilan Avantajlari Mekanik Performansa | Kullanim
Polimer Etkisi Alanlari
Matrisler
Karbon Fiber | PLA, ABS, | Yiksek rijitlik, disik | Cekme dayammi ve | Havacilik,
PETG, PA yogunluk, yiiksek | elastisite modulinde | otomotiv, robotik
dayanim/agirlik orani onemli artis saglar
Cam Fiber ABS, PETG, PA | Diisik  maliyet, iyi | Rijitik ve boyutsal | Endustriyel
termal kararlilik kararlilig artirir parcalar, aparat
uretimi
Aramid Fiber | PA, yiksek | Yiiksek darbe dayanimi, | Yorulma ve  darbe | Savunma, Ozel
performansli diisiik agirhk performansini gelistirir | muhendislik
polimerler uygulamalari
Dogal  Fiber | PLA, biyobazli | Yenilenebilir, diisiik | Mekanik Ozellikleri | Yesil iiretim,
(Keten, polimerler yogunluk, ¢cevreci yap1 | iyilestirirken diisiik yiik
Kenevir, strdiirtilebilirlik saglar | uygulamalari
Bambu vb.)
Surekli Fiber | Termoplastik Yiksek yik tasima | Cekme ve  egilme | Havacilik, yiiksek
matrisler kapasitesi dayaniminda biiyiik artis | performansh
saglar parcalar
—#— Dogal Lifler (Keten/Kenevir) ~@=— Cam Lifleri (F-Glass) =—&— Karbon Lifleri (CF) =&~ Aramid Lifler (Keviar)
A) Cok-Kriterli Goreli Performans (Radar Analizi)
Ozgiil Mukavemet B) Mekanik Performans - Ekonomik/Cevre Denge Grafigi
— 5.5
507 e @rissiingcn
4.5
Hafifli &pyiil Modil %§ 40 O e (e
E gn 35
E g .:,e-v,ue-ut Glass)
:;"’é 3.0
E % Dogal Lifler (Keten/Kenevir)
£3 25 [ 3
te]
20
1.5
Srdarilebilind iyet Avantaji
B 1.0

1.0 1.5
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Sekil 1. Fiber Tiirlerine Gore Goreli Mekanik ve Ekonomik Performans Karsilastirmasi
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Not: Sekil, literatiirde siklikla vurgulanan géreli egilimleri (Tekinalp vd., 2014, Wang vd.,
2017; Le Duigou vd., 2020) ozetleyen niteliksel/sematik bir karsilastirmadur; belirli bir
deneysel veri setinden alinmamigtir.

Fiber Takviyeli Eklemeli Imalat Kompozitlerinde Mekanik Performans1 Etkileyen
Uretim Parametreleri

Fiber takviyeli polimer kompozitlerin eklemeli imalat yontemiyle tiretiminde, kullanilan
malzeme bilesimi kadar iiretim parametreleri de nihai mekanik performans tlizerinde belirleyici
bir etkiye sahiptir. FDM tabanli iiretim siireclerinde parcanin i¢ yapisi, katmanlar arasi
baglanma mekanizmasi ve fiber yonlenmesi; baski parametrelerinin kontrolii ile dogrudan
iliskilidir (Chacon vd., 2017). Bu nedenle yiiksek mekanik performansa sahip kompozit
pargalarin {iretilebilmesi i¢in malzeme 6zellikleri ile proses parametrelerinin birlikte optimize
edilmesi gerekmektedir.

Literatiirde gerceklestirilen ¢aligmalar, 6zellikle katman yiiksekligi, baski yonii, raster agist,
doluluk orani, baski sicakligi ve iiretim hiz1 gibi parametrelerin fiber takviyeli kompozitlerin
cekme, egilme, darbe ve yorulma davraniglari iizerinde Onemli etkiler olusturdugunu
gostermektedir (Popescu vd., 2018; Sood vd., 2010).

Katman Yiiksekliginin Etkisi

Katman yiiksekligi, FDM f{iretiminde ylizey kalitesi, iiretim siiresi ve mekanik 6zellikleri
etkileyen temel parametrelerden biridir. Daha diisiik katman yiiksekligi, katmanlar arasindaki
temas alanim artirarak daha 1yi fiizyon ve daha homojen bir yap1 olusmasimi saglamaktadir
(Sood vd., 2010). Bu durum 6zellikle katmanlar aras1t mukavemetin gelistirilmesine katkida
bulunmaktadir.

Bununla birlikte, diisiik katman yiiksekligi iiretim siiresini artirirken, yiiksek katman yiiksekligi
iiretim hizin1 artirmasina ragmen katmanlar arasinda bosluk olusumu ve zayif baglanma riskini
yikseltebilmektedir. Fiber takviyeli kompozitlerde bu durum daha kritik hale gelmektedir
clinkii fiberlerin yonlenmesi ve matris igerisindeki dagilimi, katman kalitesi ile dogrudan
iliskilidir (Chacén vd., 2017).

Baski Yoniiniin Mekanik Ozelliklere Etkisi

FDM yontemiyle iiretilen parcalar dogas1 geregi anizotropik davranis gostermektedir. Bunun
temel nedeni, liretim sirasinda malzemenin belirli yonlerde katmanlar halinde biriktirilmesi ve
katmanlar arasinda tam homojen bir bag olusmamasidir (Chacon vd., 2017).

Fiber takviyeli kompozitlerde baski yonii, yiik tasima dogrultusu ile dogrudan iliskilidir.
Fiberlerin uygulanan yiik yoniinde hizalanmasi durumunda ¢ekme ve egilme dayaniminda
onemli artiglar elde edilebilmektedir. Buna karsilik, yiik yoniine dik yerlestirilen fiberler veya

katmanlar aras1 zayif baglanma, erken hasar olusumuna neden olabilmektedir (Tekinalp vd.,
2014).

Bu nedenle 6zellikle miihendislik uygulamalarinda parca tasarimi ile iiretim yoniiniin birlikte
degerlendirilmesi gerekmektedir.

Raster Agisi ve Fiber Yonlenmesi

Raster acisi, FDM f{iretiminde filament yollarmin parca icerisindeki yoOnelimini ifade
etmektedir. Bu parametre, 6zellikle stirekli fiber takviyeli kompozitlerde mekanik performansi
belirleyen kritik faktorlerden biridir (Fang vd., 2024).

Genellikle +45°, 0°/90° ve 0° gibi farkli raster yonelimleri kullanilmaktadir. Raster agisinin yiik
dogrultusundan uzaklasmasiyla birlikte cekme dayaniminda meydana gelen diisiis Sekil 2’de
sematik olarak gdsterilmektedir. Fiberlerin ylik dogrultusunda hizalandig1 (0°) durumlarda daha
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yiiksek ¢ekme dayanimi elde edilirken, ag1 arttikca ve ¢apraz yonelimlere gegildik¢e kayma
deformasyonlar1 nedeniyle daha diisiik mekanik 6zellikler goriilmektedir (Ning vd., 2015; Fang
vd., 2024).

Fiber takviyeli kompozitlerde optimum raster diizeninin belirlenmesi, malzeme israfini
azaltirken mekanik performansin artirilmasina olanak saglamaktadir.

=== (Genel Literatlr Egilimi ($ematik)

0° (Yik Dogrultusunda) - .
Fiber Dominant Yik Tasima @ Temsili Veri Noktalari

{Maksimum Dayanim)

%100 +

Aci Arttikga Hizli Distiig

%60 (Kayma Deformasyonu Etkisi)

%40

Bagil Cekme Dayanimi (%)

%20 - 90° (Dik Dogru\tu) ) —
Matris Dominant / Katmanlar Arasi Ayrilma
(Minimum Dayanim)

%0

0° 15° 30° 45° 60° 75° 90°
Raster Agisi, © (°)

Sekil 2. Raster Acisinin Bagil Cekme Dayanimina Etkisi

Not: Egri, raster agisi arttik¢a (yiik dogrultusundan sapildik¢a) ¢cekme dayaniminmin azaldigina
iliskin literatiirde yaygin olarak bildirilen genel egilimi (Ning vd., 2015, Fang vd., 2024)
sematik olarak yansitmaktadir.

Doluluk Oraninin Etkisi

Doluluk orani, iiretilen par¢anin i¢ yapisindaki malzeme miktarin1 ifade eden onemli bir
parametredir. Artan doluluk orani genellikle daha yiiksek yogunluk, daha diisiik bosluk orani
ve daha yliksek mekanik dayanim saglamaktadir (Popescu vd., 2018).

Ozellikle karbon fiber ve cam fiber takviyeli filamentlerde yiiksek doluluk oranlari, fiberlerin
daha etkin sekilde yiik tasimasina olanak saglamaktadir. Ancak doluluk oraninin artirilmasi
tretim siiresini ve malzeme tiikketimini yiikselttigi i¢in optimum seviyenin belirlenmesi
gerekmektedir.

Bu nedenle son yillarda yalnizca maksimum dayanimi hedefleyen yaklagimlar yerine,
dayanim/agirlik oranin1 ve enerji tiiketimini birlikte optimize eden ¢ok amacli yaklasimlar
onem kazanmistir (Ozkul vd., 2025).

Baski Sicakhigi ve Uretim Hizimin Etkisi

Baski sicakligi, polimer zincirlerinin hareketlili§ini ve katmanlar arasi diflizyonu etkileyen
onemli bir proses parametresidir. Uygun sicaklik degerleri, katmanlar arasinda daha giiclii bag
olusmasini saglayarak mekanik performansi artirmaktadir (Chacon vd., 2017).

Diisiik baski sicakliklarinda yetersiz erime nedeniyle katmanlar arasi bag zayiflarken, asir
yuksek sicakliklarda ise malzeme bozunmasi veya geometrik deformasyonlar meydana
gelebilmektedir.
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Benzer sekilde iiretim hizi da malzemenin soguma davranisinit ve katmanlar arasi birlesme
kalitesini etkilemektedir. Cok yliksek baski hizlari, yeterli 1s1 transferi gerceklesmeden yeni
katmanlarin olusturulmasina neden olarak mekanik ozellikleri olumsuz etkileyebilmektedir
(Popescu vd., 2018). Eklemeli imalat streclerinde incelenen temel Uretim parametrelerinin
mekanik performans Ulzerindeki genel etkileri ve ilgili kaynaklar Tablo 2’de toplu olarak
sunulmustur. Ayrica doluluk orami ve katman yiiksekliginin mekanik dayanim {izerindeki
birlesik etkileri Sekil 3’te sematik olarak 6zetlenmistir.

A) Doluluk Oraninin Etkisi B) Katman Yuksekliginin Etkisi

s Genel Literatiir Egilimi
@ Temsili Veri Noktalan

w— Genel Literatiir Egilimi

%100 %100 @ Temsili Veri Noktalar

Dogrusal Olmayan Artig
(ic Yap! Yogunlagmasi)

%80

%80 4

%60

%40

Goreli Mekanik Dayanim (%)
Goreli Mekanik Dayanim (%)

n
%20 Zayif

T T T T T T T
%60 %80 %100 0.15 0.20 0.25 0.30

Doluluk Orani (%)

T T
%0 %20 %40

Katman Yiksekligi (mm)

Sekil 3. Doluluk orani ve katman yiiksekliginin mekanik dayanima etkisi (A: Doluluk oraninin
etkisi, B: Katman ytiksekliginin etkisi).

Not: Grafik, doluluk oran arttikca mekanik dayamimin yiikseldigi, katman yiiksekligi arttik¢a
ise genellikle azaldigi yoniindeki genel literatiir egilimini (Sood vd., 2010, Popescu vd., 2018)
sematik olarak ozetlemektedir.

Tablo 2. Uretim Parametrelerinin Fiber Takviyeli Eklemeli imalat Kompozitlerinin
Mekanik Ozellikleri Uzerindeki EtKkisi

Uretim Artisin Genel Etkisi Mekanik Performansla fliskisi Tlgili Kaynaklar
Parametresi
Katman Katmanlar aras1 temas | Diigiik degerlerde daha iyi fiizyon | Sood vd. (2010);
Yiksekligi alanini azaltir, tiretim hizin1 | ve daha yiiksek katmanlar arasi | Chacdn vd. (2017)
artirir mukavemet
Baski Yonii/ Fiber | Yikk dogrultusuyla uyum | Fiberlerin yiik yoniiyle hizalanmas: | Tekinalp vd. (2014);
Dogrultusu arttikga dayanim artar ¢cekme ve egilme dayammini | Chacdn vd. (2017)
yiikseltir
Raster Agist 0°'den 90°ye gidildikce | Yiik dogrultusundan sapma, ¢ekme | Ning vd. (2015);
dayanim azalir dayanimini diisiirtir Fang vd. (2024)
Doluluk Orani Artigla birlikte yogunluk ve | Yiikksek doluluk orami fiberlerin | Popescu vd. (2018)
dayanim artar etkin yiik tagimasini saglar
Baski Sicakligi Uygun aralikta katmanlar | Cok diisiik veya ¢ok yiiksek | Chacon vd. (2017)
aras1 difiizyonu iyilestirir degerler mekanik performansi
olumsuz etkiler
Uretim Hiz1 Artigla birlikte 1s1 transfer | Asir1 yiiksek hizlar katmanlar arasi | Popescu vd. (2018)
stiresi azalir birlesme kalitesini diisiiriir
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Parametre Optimizasyonu Yaklasimlar:

Fiber takviyeli eklemeli imalat kompozitlerinde ¢ok sayida iiretim parametresinin bulunmasi,
optimum iiretim kosullarinin belirlenmesini karmasik hale getirmektedir. Bu nedenle deney
sayisini azaltmak ve en etkili parametreleri belirlemek amaciyla istatistiksel ve yapay zeka
tabanli optimizasyon yontemleri yaygin olarak kullanilmaktadir.

Taguchi deney tasarimi yontemi, siirli sayida deney ile optimum parametre
kombinasyonlarinin belirlenmesine olanak saglamasi nedeniyle eklemeli imalat ¢caligmalarinda
sik kullanilan ydntemlerden biridir (Sood vd., 2010). Ayrica varyans analizi (ANOVA),
mekanik performans Uzerindeki etkili parametrelerin belirlenmesinde 6nemli bir ara¢ olarak
kullanilmaktadir.

Son yillarda makine 6grenmesi algoritmalar1 da eklemeli imalat siire¢lerinin modellenmesi ve
optimizasyonunda Onemli bir yer edinmistir. Yapay sinir aglart (ANN), destek vektor
makineleri (SVM), rastgele orman (RF), XGBoost ve diger topluluk 6grenme yontemleri;
¢cekme dayanimi, yiizey pilriizliiliigii, enerji tikketimi ve boyutsal dogruluk gibi ¢iktilarin tahmin
edilmesinde basarili sonuglar vermektedir (Ozkul vd., 2025; Ulkir & Akgun, 2024; Zhang vd.,
2022).

Son yillarda makine 6grenmesi algoritmalar1 da eklemeli imalat siire¢lerinin modellenmesi ve
optimizasyonunda Onemli bir yer edinmistir. Yapay sinir aglart (ANN), destek vektor
makineleri (SVM), rastgele orman (RF), XGBoost ve diger topluluk 6grenme yontemleri;
¢ekme dayanimi, yiizey piiriizliliigii, enerji tikketimi ve boyutsal dogruluk gibi ¢iktilarin tahmin
edilmesinde basarili sonuglar vermektedir (Ozkul vd., 2025; Ulkir & Akgun, 2024; Zhang vd.,
2022). Eklemeli imalat siireclerinin iyilestirilmesinde kullanilan baglica deneysel, istatistiksel
ve yapay zekd tabanli optimizasyon yaklagimlarinin temel prensipleri, avantajlart ve
siirliliklart Tablo 3’te karsilastirilmaktadir.

Genel olarak degerlendirildiginde, fiber takviyeli polimer kompozitlerin eklemeli imalat
yontemiyle basarili sekilde iiretilebilmesi yalmizca yiiksek performansli malzeme secimine
bagli degildir. Fiber tiirli, matris 6zellikleri ve iiretim parametreleri arasinda optimum bir
dengenin kurulmasi gerekmektedir. Bu nedenle gelecekteki ¢alismalarin, deneysel yontemlerin

yani sira yapay zeka destekli tahmin ve optimizasyon yaklasimlarina daha fazla odaklanmasi
beklenmektedir (Ulkir vd., 2025; Ulkir & Ersoy, 2025).

Tablo 3. Eklemeli imalat Siireclerinde Kullamlan Bashca Optimizasyon Yaklasimlarimmin
Karsilastirilmasi

Yontem Temel Prensip Avantajlari Smmirhiliklar: Ornek
Kaynaklar
Taguchi Deney | Ortogonal diziler ile | Az sayida deneyle | Yalmzca tanimlanan | Sood vd.
Tasarimi smirli  sayida deneyle | etkili sonug, diisiik | seviyelerde (2010)
parametre  etkilerinin | maliyet degerlendirme yapar,
belirlenmesi dogrusal olmayan

iligkileri sinirh yakalar

Yanit  Yiizey | Istatistiksel model ile | Parametreler arasi | Cok sayida deney | Popescu  vd.

Metodolojisi parametreler arasi | etkilesimi ortaya | gerektirebilir (2018)
(RSM) etkilesimlerin koyar
modellenmesi
Yapay Sinir | Dogrusal olmayan | Karmasik iliskileri | Biiyiik veri seti ihtiyaci, | Ulkir &
Aglart (ANN) iligkilerin ¢ok katmanl | yiiksek dogrulukla | diisiik yorumlanabilirlik | Akgun (2024);
aglarla 6grenilmesi modelleyebilir Ulkir vd.
(2025)
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Ydntem Temel Prensip Avantajlari Simirhihiklar: Ornek
Kaynaklar
Bulanik Mantik | Belirsizlik iceren | Az veriyle | Kural  setinin  uzman | Ulkir &
(Fuzzy Logic) iliskilerin kural tabanl | ¢alisabilir, bilgisiyle olugturulmasi | Akgun (2024)
modellenmesi yorumlanabilir gerekir
kurallar sunar
Makine Topluluk/gekirdek Yilksek  tahmin | Asin  6grenme  riski, | Ozkul vd.
Ogrenmesi (RF, | tabanli  algoritmalarla | dogrulugu, g¢oklu | hesaplama maliyeti (2025); Zhang
SVM, XGBoost | tahmin ve siiflandirma | ¢ikti tahmini vd. (2022)
vb.)

Eklemeli imalat Kompozitlerinde Mekanik Performansi Artirmaya Yonelik Giincel
Yaklasimlar ve Gelecek Egilimleri

Eklemeli imalat teknolojilerinde fiber takviyeli polimer kompozitlerin kullanimi, geleneksel
polimer malzemelerin mekanik sinirlamalarinin asilmasina 6nemli katkilar saglamaktadir.
Bununla birlikte, yiiksek performansli miihendislik uygulamalarinda kullanilabilmeleri ig¢in
yalnizca fiber takviyesi yeterli olmamakta; malzeme tasarimi, iiretim teknolojileri ve proses
kontrol yontemlerinin birlikte gelistirilmesi gerekmektedir. Bu kapsamda son yillarda siirekli
fiber takviyeli yapilar, hibrit kompozit sistemler, nano takviyeli malzemeler, siirdiiriilebilir
kompozitler ve yapay zeka destekli optimizasyon yaklagimlart 6n plana ¢gikmaktadir (Gupta vd.,
2025; Thomas & Sakhaei, 2026).

Siirekli Fiber Takviyeli Eklemeli Imalat Teknolojileri

Kisa fiber takviyeli filamentlerin kullanildigi geleneksel FDM yontemlerinde mekanik
performans, fiber uzunlugu ve yonlenmesi ile smirli kalmaktadir. Bu nedenle son yillarda
stirekli fiber takviyeli eklemeli imalat teknolojileri, yliksek dayanimli yapisal parcalarin tiretimi
icin 6nemli bir aragtirma alani haline gelmistir (Dickson vd., 2017).

Siirekli karbon fiber, cam fiber ve aramid fiberlerin polimer matris icerisine iiretim sirasinda
yerlestirilmesi, yiik tasima kapasitesinin énemli 6l¢iide artirilmasini saglamaktadir. Siirekli
fiberlerin belirli yiik yollar1 boyunca yonlendirilebilmesi, 6zellikle ¢ekme ve egilme
dayanimlarinda 6nemli iyilestirmeler olusturmaktadir (Fang vd., 2024).

Bu teknoloji, havacilik, otomotiv ve savunma sanayii gibi yiiksek mukavemet/agirlik oraninin
kritik oldugu alanlarda 6nemli avantajlar sunmaktadir. Bununla birlikte, tiretim ekipmanlarinin
maliyetinin yiiksek olmasi, proses kontroliiniin karmasiklig1 ve tasarim parametrelerinin fazla
olmasi, yaygin kullanimin oniindeki temel sinirlamalar arasinda yer almaktadir (Thomas &
Sakhaei, 2026).

Hibrit Fiber Takviyeli Kompozit Sistemler

Son donem arastirmalarinda tek bir fiber tiiriiniin kullanimindan ziyade, farkli fiberlerin birlikte
kullanildig: hibrit kompozit sistemlere yonelik calismalar artmaktadir (Zhou vd., 2023). Hibrit
kompozitlerde farkli fiberlerin iistiin 6zelliklerinden yararlanilarak daha dengeli mekanik
performans elde edilmeye calisilmaktadir.

Ornegin karbon fiberin yiiksek rijitlik avantaji ile cam fiberin ekonomik ve darbe dayanimi
ozelliklerinin birlestirilmesi, performans/maliyet ag¢isindan daha uygun malzemelerin
gelistirilmesine olanak saglamaktadir. Benzer sekilde dogal fiberlerin sentetik fiberlerle hibrit
kullanimi, mekanik performans ile siirdiiriilebilirlik hedeflerini birlikte karsilamaya yonelik
onemli bir yaklasim olarak degerlendirilmektedir (Korger vd., 2021).

Hibrit kompozitlerde optimum fiber oraninin, fiber dagiliminin ve iiretim parametrelerinin
belirlenmesi, gelecekteki arastirmalarin 6nemli konularindan biri olacaktir (Zhou vd., 2023).
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Nano Takviyeli Polimer Kompozitler

Fiber takviyelerine ek olarak, nano boyutlu takviye malzemelerinin kullanimi1 eklemeli imalat
kompozitlerinde yeni bir gelistirme alan1 olugturmaktadir. Grafen, karbon nanotiip (CNT), nano
kil ve gesitli seramik nanoparcaciklar, diisiik miktarlarda kullanildiginda polimer matrisin
mekanik, termal ve elektriksel 6zelliklerini gelistirebilmektedir (Zhang vd., 2022).

Nano takviyeler 6zellikle polimer-fiber ara yiizeyinin iyilestirilmesi, catlak ilerlemesinin
sinirlandirilmas: ve yorulma dayaniminin artirilmasi agisindan 6nem tagimaktadir. Ancak
nanoparcaciklarin homojen dagiliminin saglanmasi, liretim sirasinda topaklanmanin énlenmesi
ve maliyet faktorleri halen ¢ozlilmesi gereken konular arasindadir.

Siirdiiriilebilir ve Cevreci Kompozit Yaklasimlar

Son yillarda siirdiiriilebilir iiretim anlayisinin 6nem kazanmasiyla birlikte, eklemeli imalatta
cevreci kompozit malzemelere yonelik arastirmalar hiz kazanmustir. Petrol esaslhi polimerlerin
yerine biyobazli polimerlerin ve dogal fiberlerin kullanilmasi, tiretim streclerinin gevresel
etkilerinin azaltilmasi agisindan 6nemli firsatlar sunmaktadir (Korger vd., 2021).

PLA gibi biyobazli polimerlerin keten, kenevir, bambu ve seliiloz esasli fiberlerle
giiclendirilmesi, hem mekanik performansi gelistirmekte hem de yenilenebilir kaynak
kullanimini desteklemektedir (Le Duigou vd., 2020).

Bununla birlikte, siirdiiriilebilir kompozitlerin uzun siireli dayanimi, nem davranisi, geri
doniisiim siiregleri ve endiistriyel dlgeklenebilirligi gelecekte daha fazla aragtirilmas: gereken
konular arasinda bulunmaktadir (Korger vd., 2021).

Yapay Zeka Destekli Tasarim ve Optimizasyon Yaklasimlari

Eklemeli imalat siire¢lerinde ¢ok sayida malzeme ve iiretim parametresinin bulunmasi,
optimum tiretim kosullarmin belirlenmesini zorlastirmaktadir. Bu nedenle yapay zeka ve
makine 6grenmesi tabanli yontemler, son yillarda kompozit iiretim siireglerinin modellenmesi
ve gelistirilmesinde yaygin sekilde kullanilmaya baslanmustir (Ozkul vd., 2025).

Makine 6grenmesi algoritmalari sayesinde {iretim parametreleri ile mekanik o6zellikler
arasindaki karmagik iliskiler modellenebilmekte ve deneysel ¢alisma sayis1 azaltilabilmektedir.
Yapay sinir aglart (ANN), destek vektor makineleri (SVM), karar agaglari, rastgele orman ve
artirma tabanli algoritmalar; ¢ekme dayanimi, elastisite modiilli, ylizey kalitesi ve enerji
tilketimi gibi ¢iktilarin tahmin edilmesinde kullanilmaktadir (Ulkir vd., 2025; Ulkir & Ersoy,
2025).

Bunun yaninda agiklanabilir yapay zeka (Explainable Artificial Intelligence, XAl) yaklasimlari,
yalnizca tahmin yapmak yerine hangi parametrelerin performans iizerinde etkili oldugunu
ortaya koyarak daha giivenilir iiretim kararlar1 alinmasina katki saglamaktadir.

Gelecekte dijital ikiz teknolojileri ile yapay zeka modellerinin birlikte kullanilmas1 sayesinde,
eklemeli imalat siireglerinin gergek zamanli izlenmesi ve otomatik olarak optimize edilmesi
miimkiin olacaktir.

Literatiirdeki gelismeler degerlendirildiginde, fiber takviyeli polimer kompozitlerin eklemeli
imalat uygulamalarinda gelecekte daha genis kullanim alani1 bulacagi goriilmektedir. Stirekli
fiber teknolojileri yiiksek mekanik performans saglarken, hibrit ve nano takviyeli sistemler yeni
nesil kompozitlerin gelistirilmesine katki saglamaktadir. Ayrica siirdiiriilebilir malzeme
yaklasimlar1 ve yapay zeka destekli optimizasyon yontemleri, eklemeli imalat kompozitlerinin
daha verimli, ekonomik ve cevreci hale gelmesinde kritik rol oynayacaktir (Gupta vd., 2025;
Thomas & Sakhaei, 2026).
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Sonu¢ ve Gelecek Calismalar

Eklemeli imalat teknolojileri, tasarim 6zgiirliigii, hizli prototipleme yetenegi ve diisiik malzeme
tlketimi gibi avantajlar1 sayesinde giiniimiizde birgok endiistriyel uygulamada 6nemli bir
iiretim yontemi haline gelmistir (Gibson vd., 2021). Bununla birlikte, 6zellikle polimer esasl
eklemeli imalat parcalarinin mekanik performansindaki sinirlamalar, yiiksek dayanim
gerektiren miihendislik uygulamalarinda onemli bir arastirma konusu olmaya devam
etmektedir. Bu kapsamda fiber takviyeli polimer kompozitlerin kullanimi, eklemeli imalatla
iiretilen parcalarin mekanik 6zelliklerinin gelistirilmesi agisindan etkili bir ¢6ziim yaklagimi
olarak 6ne ¢ikmaktadir.

Literatiir degerlendirmeleri sonucunda, fiber tiirii, fiber orani, fiber yonlenmesi ve matris-fiber
ara ylizey Ozelliklerinin kompozit pargalarin mekanik davranisi lizerinde belirleyici oldugu
gorulmektedir (Ning vd., 2015; Tekinalp vd., 2014). Karbon fiber takviyeli kompozitler yiiksek
rijitlik ve dayanim 6zellikleri nedeniyle performans odakli uygulamalarda 6n plana ¢ikarken,
cam fiber takviyeli kompozitler daha ekonomik ¢oziimler sunmaktadir. Dogal fiber takviyeli
kompozitler ise surdurulebilir Gretim hedefleri dogrultusunda gelecekte daha fazla Gnem
kazanacak alternatif malzemeler arasinda degerlendirilmektedir (Le Duigou vd., 2020; Korger
vd., 2021).

Eklemeli imalat siireclerinde mekanik performansin yalnizca kullanilan malzemeye baglh
olmadigi, ayn1 zamanda iretim parametreleri tarafindan Onemli Olgiide belirlendigi
goriilmektedir. Katman yiiksekligi, baski yonii, raster acisi, doluluk orani, baski sicakligr ve
iretim hiz1 gibi parametreler; katmanlar arast baglanma, bosluk olusumu ve fiber yonlenmesi
iizerinde dogrudan etkili olmaktadir (Chacén vd., 2017; Popescu vd., 2018). Bu nedenle yiiksek
performansli kompozit parcalarin iiretiminde malzeme tasarimi ile proses optimizasyonunun
birlikte ele alinmas1 gerekmektedir.

Son yillarda Taguchi, yanit yiizey metodolojisi ve yapay zeka destekli optimizasyon
yontemlerinin eklemeli imalat siireclerinde yaygin sekilde kullanildig1 goriilmektedir (Sood
vd., 2010). Ozellikle makine 6grenmesi algoritmalari, deneysel maliyetleri azaltarak Gretim
parametreleri ile mekanik performans arasindaki karmasik iliskilerin modellenmesine olanak
saglamaktadir (Ozkul vd., 2025). Bununla birlikte, gelecekte agiklanabilir yapay zeka
yontemlerinin  kullanimiyla yalnizca tahmin dogrulugunun degil, ayn1 zamanda Uretim
kararlariin giivenilirliginin de artirilmast beklenmektedir.

Gelecekteki aragtirmalarin, kisa fiber takviyeli kompozitlerin gelistirilmesinin yani sira stirekli
fiber takviyeli Uretim teknolojilerine, hibrit kompozit sistemlere ve nano takviyeli polimer
yapilara yonelmesi ongoriilmektedir (Dickson vd., 2017; Zhou vd., 2023). Ayrica stirdiiriilebilir
tiretim hedefleri dogrultusunda geri doniistiiriilebilir polimerlerin, biyobazli malzemelerin ve
dogal fiberlerin eklemeli imalat siireglerine entegrasyonu 6nemli arastirma alanlarindan biri
olacaktir (Korger vd., 2021).

Bununla birlikte, fiber takviyeli eklemeli imalat kompozitlerinin endustriyel 0lcekte
yayginlasabilmesi i¢in bazi problemlerin ¢oziilmesi gerekmektedir. Fiber-matris ara ylzey
baginin gelistirilmesi, tiretim tekrarlanabilirliginin artirilmasi, standart test yontemlerinin
olusturulmas: ve uzun siireli mekanik davranislarin daha kapsamli incelenmesi gelecekteki

caligmalarin 6ncelikli konular1 arasinda yer almaktadir (Gupta vd., 2025; Thomas & Sakhaei,
2026).

Sonug olarak, fiber takviyeli polimer kompozitler, eklemeli imalat teknolojilerinin mekanik
sinirlamalarin1 asmada 6nemli bir potansiyele sahiptir. Malzeme bilimi, proses optimizasyonu
ve yapay zeka teknolojilerindeki gelismelerin birlikte degerlendirilmesiyle, daha hafif,
dayanikli, siirdiiriilebilir ve akilli {iretim sistemlerinin gelistirilmesi miimkiin olacaktir.
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ABSTRACT

A simple, rapid and cost-effective approach is established for the quantification of galantamine
hydrobromide (GHB) by combining visible spectrophotometry with smartphone-assisted
digital image RGB colorimetry employing the PhotoMetrix Pro (PMPro) application. The
methods of GHB assay are based on the oxidation of GHB by potassium permanganate
(KMnOg) under acidic and alkaline conditions. In acidic medium, the residual permanganate is
quantified at 540 nm by visible spectrophotometry (Method A), while the corresponding colour
change is evaluated through RGB image processing using the PMPro application (Method B).
Under alkaline conditions, oxidation generated a bluish-green manganate ion (Mn0Os%), which
is monitored at 610 nm by visible spectrophotometry (Method C) and also by smartphone-based
RGB imaging and measurements (Method D) using the PMPro application on a mobile phone
device. The experimental variables affecting the reaction are systematically optimized to
achieve the maximum analytical performance. The methods exhibited excellent linearity within
the concentration ranges of 5.0-25.0 pg mL™' (Methods A and B) and 1.25-11.25 pg mL™!
(Methods C and D) with acceptable limits of detection and quantification. Validation studies,
performed according to the ICH guidelines, confirmed good precision, accuracy, robustness
and recovery. No significant difference in analytical performance was found in statistical
comparison with a reported reference method. The developed methods are successfully applied
for the determination of GHB in commercial tablets and spiked human urine samples with
satisfactory recoveries and insignificant matrix interference.

Keywords: galantamine; oxidation; visible spectrophotometry; Photometrix Pro; spiked human
urine
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OZET

Giris ve Amagc: Acil saglik hizmetleri, dogast geregi tibbi hatalara agik ve yiiksek riskli bir
alandir. Paramediklerin heniiz egitim asamasindayken hata egilimlerinin belirlenmesi, hasta
giivenligi kiiltlirtiniin akademik temellerini olusturmak ac¢isindan hayatidir. Bu calisma,
paramedik 6grencileri i¢in 6zgiin, gecerli ve gilivenilir bir tibbi hataya egilim 6lgegi gelistirmeyi
ve uzman goriisleri dogrultusunda yapisal formunu nihai hale getirmeyi amaglamaktadir.

Yontem: Metodolojik tipteki bu c¢alisma, Tirkiye'deki Ilk ve Acil Yardim programlarinda
ogrenim goren 307 Ogrenci ile yiritilmistiir. Olcek gelistirme silirecinde baglangicta 5
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uzmandan gorlis almarak kapsam gecerligi saglanmis ve 32 maddelik taslak form
olusturulmustur. Verilerin analizinde SPSS 25.0 ve AMOS 25 kullanilmis; madde-toplam
korelasyonlari, agimlayict faktor analizi (AFA) ve Cronbach Alfa i¢ tutarlilik katsayilar
hesaplanmistir. Bazi maddelerin teorik kapsami ve faktor yapilari tizerindeki degerlendirmeler,
uzman goriisii slireciyle dongiisel olarak devam etmektedir.

Bulgular: Analizler sonucunda 20 maddelik dort faktorli bir yap: ("Klinik Uygulama Hazirligi
ve Aseptik Giivenlik", "Ekip Isi, Iletisim ve Danisma", "ila¢ Uygulamasi ve Hasta Dogrulama",
"Hasta Degerlendirme ve Kayit") elde edilmistir. Olgegin toplam Cronbach Alfa degeri 0,884
olarak bulunmus ve yiiksek diizeyde giivenirlik sergiledigi saptanmigtir. KMO degeri 0,895 ile
orneklemin "¢ok iyi" diizeyde yeterli oldugu belirlenmistir. Ancak, bazi maddelerin birden fazla
faktore yuklenmesi (cross-loading) ve diisiik korelasyon gosteren ters kodlanmis maddeler (8,
14, 26. maddeler) nedeniyle, 6l¢egin kavramsal netligini korumak amaciyla yeniden uzman
goriisiine bagvurulmasi ve maddelerin bu dogrultuda revize edilmesi kararlagtirilmistir.

Sonug ve Oneriler: Mevcut bulgular, PTHEO'niin paramedik 6grencilerinin hata egilimlerini
Ol¢mede giiclii bir psikometrik altyapiya sahip oldugunu gdstermektedir. Bununla birlikte,
Olcegin alt boyutlarinin ve maddelerinin kavramsal olarak tam ayrismasi i¢in uzman
goriigleriyle devam eden nitel degerlendirmeler, aracin son formuna ulagmasini saglayacaktir.
Bu 6l¢egin, egitimciler i¢in doz hesaplama ve kayit gibi "kor noktalar1" goriiniir kilan etkili bir
tarama araci olmasi hedeflenmektedir.

Anahtar Kelimeler: Paramedik, Tibbi Hata, Ol¢ek Gelistirme, Hasta Giivenligi.

ABSTRACT

Introduction and Objective: Emergency healthcare is, by its very nature, a high-risk field
prone to medical errors. Identifying paramedics’ propensity for errors while they are still in
training is vital for laying the academic foundations of a patient safety culture. This study aims
to develop a unique, valid, and reliable medical error propensity scale for paramedic students
and to finalize its structural form in accordance with expert opinions.

Method: This methodological study was conducted with 307 students enrolled in Emergency
Medical Services programs in Turkey. During the scale development process, content validity
was ensured by initially seeking input from 5 experts, and a 32-item draft form was created.

SPSS 25.0 and AMOS 25 were used for data analysis; item-total correlations, exploratory factor
analysis (EFA), and Cronbach’s alpha internal consistency coefficients were calculated.
Evaluations of the theoretical scope and factor structures of certain items are continuing in an
iterative manner through the expert review process.

Results: The analyses revealed a four-factor structure consisting of 20 items: “Clinical Practice
Readiness and Aseptic Safety,” “Teamwork, Communication, and Consultation,” “Medication
Administration and Patient Verification,” and “Patient Assessment and Documentation.” The
scale’s overall Cronbach’s alpha value was found to be 0.884, indicating a high level of
reliability. With a KMO value of 0.895, the sample was determined to be “very good” in terms
of adequacy. However, due to cross-loading of some items onto multiple factors and reverse-
coded items showing low correlations (items 8, 14, and 26), it was decided to seek expert
opinion again and revise the items accordingly to preserve the scale’s conceptual clarity.

Conclusions and Recommendations: The current findings indicate that the PTHEO possesses
a robust psychometric foundation for measuring error tendencies among paramedic students.
However, ongoing qualitative evaluations based on expert opinions will ensure the scale’s
subdimensions and items are conceptually well-distinguished, leading to the tool’s final form.
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The goal is for this scale to serve as an effective screening tool for educators, highlighting “blind
spots” such as dose calculation and documentation.

Keywords: Medical Error, Paramedic, Patient Safety, Scale Development.
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OZET

Giris ve Amac: Cocuklarda agri; fizyolojik, psikososyal ve etik boyutlari olan biitlinciil bir
deneyimdir ve paramedikler bu siirecte kritik bir role sahiptir. Bu calisma, paramediklerin
cocuk hastalarda agri yonetimi uygulamalarini, karsilastiklart engelleri ve acil servis
hemsireleri ile is birligi diizeylerini degerlendirmeyi amaclamaktadir.

Yontem: Calisma, Baskent Universitesi Tip ve Saglik Bilimleri Arastirma Kurulu ve Etik
Kurulu (Proje no: KA25/417) tarafindan onaylanmis tanimlayic1 bir arastirmadir. Veriler,
n=158 katilimcidan (%88,61 112 Acil Saglik Hizmetleri, %11,39 Hastane Acil Servis) anket
yontemiyle toplanmis ve SPSS programi ile analiz edilmistir. Veriler, arastirmaci tarafindan
literatiir dogrultusunda gelistirilen ve ¢ocuk hastalarda agr1 yonetimine iliskin uygulamalari,
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tutumlart ve paramedik-hemsire is birligine yonelik goriisleri degerlendirmeyi amaclayan
yapilandirilmig bir anket formu kullanilmastir.

Bulgular: Katilimeilarin %70,89’u 5 yil ve lizeri mesleki deneyime sahip olup, %97,47’si daha
once pediatrik bir vakaya miidahale etmistir. Paramediklerin %59,49’u ¢ocuklarda agr
diizeyini "her zaman" degerlendirdigini beyan etse de, %36,94 {iniin herhangi bir standart agr1
Olcegi kullanmadig1 saptanmistir. En sik tercih edilen olgekler Wong-Baker Yiiz Skalasi
(%40,13) ve VAS (%36,94) olmustur. Agr1 giderici yontemlerde parasetamol (%64,5) ve non-
farmakolojik yontemler (%55,7) daha sik kullanilirken, opioid kullanimi (%3,1) oldukga diisiik
kalmigtir. Karar verme siirecini etkileyen en onemli faktorler; zaman baskist (%67,7) ve
ebeveynin onay vermemesi (%58,8) olarak belirlenmistir. Katilimeilarin 9%94,3°1i hastane
oncesi agr1 yonetiminin hemsirelik bakimiyla koordineli yiiriitiilmesini dnemli bulmaktadir. is
birligini gelistirmek icin en etkili yontem olarak %53.,9 ile "ortak simiilasyon egitimleri"
gosterilmistir.

Sonug ve Oneriler: Calisma, paramediklerin cocuklarda agriy1 degerlendirme niyetinin yiiksek
olmasina ragmen, standardize ara¢ kullaniminin yetersiz oldugunu ve klinik gézleme dayali
yorumlarin baskin oldugunu gostermektedir. Bakim siirekliliginin saglanmasi i¢in 112 ve acil
servis protokollerinin tek bir "Siirekli Bakim" protokolii olarak birlestirilmesi dnerilmektedir.
Ayrica, paramedik ve hemsirelerin birlikte katildig1 senaryo tabanli simiilasyon egitimleri ve
ambulanslara entegre edilecek etik karar destek sistemleri, pediatrik agr1 yonetiminin kalitesini
artiracaktir.

Anahtar Kelimeler: Paramedik, Cocuklarda Agri Yonetimi, Hemsirelik Entegrasyonu,
Hastane Oncesi Bakim, Bakim Siirekliligi.

ABSTRACT

Introduction and Objective: Pain in children is a holistic experience with physiological,
psychosocial, and ethical dimensions, and paramedics play a critical role in this process. This
study aims to evaluate paramedics’ pain management practices in pediatric patients, the barriers
they encounter, and their level of collaboration with emergency department nurses.

Method: This study is a descriptive research project approved by the Baskent University
Research Board of Medicine and Health Sciences and the Ethics Committee (Project No.:
KA25/417). Data were collected via a questionnaire from n=158 participants (88.61% from
Emergency Medical Services, 11.39% from hospital emergency departments) and analyzed
using SPSS. Data were collected using a structured questionnaire developed by the researcher
in line with the literature, designed to assess practices and attitudes regarding pain management
in pediatric patients, as well as views on paramedic-nurse collaboration.

Results: 70.89% of the participants had 5 years or more of professional experience, and 97.47%
had previously treated a pediatric patient. Although 59.49% of paramedics reported that they
“always” assessed pain levels in children, it was found that 36.94% did not use any standardized
pain scale. The most commonly used scales were the Wong-Baker Face Scale (40.13%) and the
VAS (36.94%). In terms of pain relief methods, acetaminophen (64.5%) and non-
pharmacological methods (55.7%) were used more frequently, while opioid use (3.1%)
remained quite low. The most significant factors influencing the decision-making process were
identified as time pressure (67.7%) and lack of parental consent (58.8%). 94.3% of participants
considered it important for prehospital pain management to be coordinated with nursing care.
“Joint simulation training” was identified as the most effective method for improving
collaboration, cited by 53.9% of participants.
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Conclusions and Recommendations: The study shows that although paramedics have a high
intention to assess pain in children, the use of standardized tools is insufficient, and
interpretations based on clinical observation predominate. To ensure continuity of care, it is
recommended that 112 and emergency department protocols be consolidated into a single
“Continuous Care” protocol. Additionally, scenario-based simulation training involving both
paramedics and nurses, along with ethical decision-support systems integrated into ambulances,
will improve the quality of pediatric pain management.

Keywords: Paramedic, Pain Management in Children, Nursing Integration, Prehospital Care,
Continuity of Care.
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ABSTRACT

This study investigated the effects of different doses of root growth promoting bacteria (PGPB)
applied to arugula (Eruca sativa L.) on plant growth parameters. The research was conducted
in a greenhouse environment; in 5-liter pots, 4 plants were grown in each pot. The treatment
groups were RO (no PGPB application - control), R1 (one — dose treatment), and R2 (two — dose
treatment). The experiment was conducted with 3 replications between September 10th and
November 5th. The PGPB solution was injected into the root zone of the plant. The control
group received the same amount of sugar water.

At the end of the study, the highest average plant length was determined in the RO application
at 34.83 cm, while the average marketable yield and root thickness values were determined in
the R2 treatment at 15.21 g and 4.44 mm, respectively. PGPB applications did not have a
significant effect on the average number of leaves per plant.

The research concluded that PGPB applications can be used to improve plant tolerance,
particularly to abiotic stress factors, in leafy green vegetables, and that the application dose will
vary depending on the plant and stress conditions.

Key Words: Eruca sativa, PGPB, greenhouse conditions

OZET

Bu ¢alismada, roka (Eruca sativa L.) bitkisine uygulanan farkli kok gelisimini destekleyen
bakteri (PGPB) dozlarmin bitki gelisim parametreleri iizerindeki etkileri arastirilmistir. Sera
ortaminda yapilan arastirma; 5 litre hacimli saksilarda her saksida 4 bitki yetistirilerek
yiriitillmiistiir. Arastirma konular1 RO (PGPB uygulamasi yok - kontrol), R1 (bir doz uygulama)
ve R2 (iki doz uygulama) olacak sekilde diizenlenmistir. Deneme 3 tekrarli olarak 10 Eyliil- 5

August 18-19, 2026 / Sanlurfa, Tiirkiye 151


https://orcid.org/0009-0007-8193-388X
https://orcid.org/:0000-0003-4008-1004

EL RUHA 15th INTERNATIONAL CONFERENCE ON SCIENTIFIC RESEARCH

Kasim tarihleri arasinda yiiriitiilmiistiir. PGPB soliisyonu bitki kok bdlgesine siringa edilmistir.
Kontrol konusuna ise ayn1 miktarda sekerli su uygulanmastir.

Calisma sonunda en yiiksek ortalama bitki boyu RO uygulamasinda 34.83 cm, ortalama
pazarlanabilir verim ve kok kalinlig1r degerleri R2 konusunda, sirasiyla 15.21 g ve 4.44 mm
olarak belirlenmistir. Bitki basina ortalama yaprak sayisi konusunda PGPB uygulamalari
onemli etki yapmamustir.

Arastirma sonucunda yesil yaprakli sebzelerde Ozellikle abiyotik stres faktorlerine karsi
bitkinin tolerans gelistirmesinde PGPB uygulamalarinin kullanilabilecegi, uygulanacak dozun
ise her bitki ve stres kosullari i¢in degisiklik gosterecegi sonucuna varilmastir.

Anahtar Kelimeler: Eruca sativa, PGPB, sera kosullar
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ABSTRACT

Digital culture does not merely replace established values with new ones; it changes the
conditions under which values remain intelligible, memorable, and binding across situations.
This conceptual study examines that transformation through a technohumanist perspective and
introduces axiological fragmentation as a socio-philosophical problem. The term denotes a loss
of coherence among value meanings, temporal horizons, and interpersonal obligations when
communication is reorganized by circulation, metrics, and interaction. The study employs
problem-oriented conceptual analysis, comparative interpretation of philosophy of technology
and digital-society scholarship, and normative synthesis. Three forms of fragmentation are
identified: temporal fragmentation, which weakens links between memory, present judgment,
and future consequence; contextual fragmentation, in which the same value is reduced to
disconnected signals across digital settings; and relational fragmentation, which substitutes
measurable visibility for reciprocal recognition. The article distinguishes fragmentation from
pluralism: pluralism sustains dialogue among coherent moral positions, whereas fragmentation
separates statements from reasons, contexts, and responsibility. As its main contribution, the
study proposes the principle of moral continuity and operationalizes it through three evaluative
conditions: semantic consistency, temporal depth, and relational reciprocity. A digital practice
supports spiritual values when their core meaning remains recognizable across contexts, when
present action is connected to inherited memory and foreseeable consequences, and when
affected persons are treated as moral interlocutors rather than units of attention or data.
Technohumanism is therefore interpreted neither as rejection of technology nor as unlimited
human enhancement, but as the normative integration of technological innovation with dignity,
cultural continuity, practical wisdom, and shared responsibility. The framework offers criteria
for evaluating digital education, cultural communication, and public institutions while
acknowledging that future empirical research must test the proposed conditions across
generations, languages, and platform environments. In this way, modernization can expand
human agency without dissolving the moral narratives through which communities understand
freedom, duty, solidarity, and hope.

Keywords: technohumanism, axiological fragmentation, moral continuity, spiritual values,
digital culture, technological mediation.

INTRODUCTION

Digitalization is frequently described through the language of speed, access, innovation, and
efficiency. These categories capture important changes, but they do not fully explain what
happens to values when social memory, communication, education, and self-presentation are
increasingly organized through digital environments. A value is not simply a word that appears
in public discourse. It is a durable orientation that connects judgment with identity, action,
responsibility, and a vision of the good. The central question is therefore not only whether
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spiritual values are present online, but whether they preserve enough coherence to guide
conduct across changing contexts.

Two simplified interpretations dominate public debate. Technological optimism assumes that
wider circulation automatically strengthens a value, while cultural pessimism treats every new
medium as a cause of moral decline. Both positions overlook mediation. Technologies are not
neutral containers placed between an unchanged subject and an unchanged world. They
participate in shaping attention, practical possibilities, social expectations, and the forms in
which moral choices become visible (Verbeek, 2011). A socio-philosophical analysis must
consequently examine the relation among human agency, technological form, and cultural
meaning instead of assigning causality to only one element.

This article addresses a problem that may be called axiological fragmentation. It occurs when
values continue to circulate as recognizable signs but lose continuity between meaning and
practice, past and future, or self-expression and responsibility to others. The problem is
especially important for societies undergoing rapid modernization while seeking to preserve
cultural memory and social solidarity. In such conditions, the task is neither to freeze inherited
values nor to adapt them uncritically to every technical novelty. It is to determine how
reinterpretation can remain accountable to the ethical substance of a tradition.

The aim of the study is to develop a technohumanist interpretation of axiological fragmentation
and to formulate a criterion for the continuity of spiritual values in digital culture. Three
research questions guide the discussion: How does fragmentation differ from legitimate value
pluralism? Through which dimensions does it appear in digitally mediated life? What normative
conditions allow values to be renewed without becoming disconnected from memory,
consequence, and interpersonal obligation? The article's novelty lies in the proposed principle
of moral continuity, expressed through semantic consistency, temporal depth, and relational
reciprocity. This conceptual triad is offered as an analytical criterion rather than as an empirical
scale or a universal formula.

RESEARCH AND FINDINGS
CONCEPTUAL METHOD AND SCOPE

The study uses problem-oriented conceptual analysis. First, it reconstructs relevant ideas from
philosophy of technology, virtue ethics, social acceleration, platform studies, and theories of
datafication. Second, it compares these ideas around a single philosophical problem: the
continuity of value-guided action under changing technological conditions. Third, it develops
a normative synthesis that can be used to evaluate educational, cultural, and public digital
practices. This method does not produce statistical generalizations. Its result is conceptual
clarification and a set of propositions that can guide later empirical research.

The term spiritual values is used here in a socio-philosophical sense. It refers to enduring
orientations through which persons and communities interpret dignity, conscience, truthfulness,
freedom, duty, solidarity, cultural belonging, and hope. These values may have religious, moral,
civic, or cultural expressions. Their continuity does not require identical formulations in every
historical period. A living value can acquire new language and new applications. Continuity
means that reinterpretation remains connected to reasons, narratives, practices, and
responsibilities that make the value morally intelligible.

Technohumanism provides the normative standpoint of the analysis. In this article, it does not
mean the technological redesign of the human being and is not used as a synonym for
transhumanism. It means directing technological development toward human flourishing while
recognizing that human capacities are always formed through cultural practices, institutions,
and technical mediation. Vallor (2016) argues that uncertain technological conditions require
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technomoral virtues and practical wisdom, not only more powerful tools. Similarly, Borgmann
(1984) insists that technological convenience should be judged in relation to focal practices and
substantive conceptions of the good life. Technohumanism therefore asks whether innovation
deepens agency, dignity, memory, and care, rather than measuring progress by technical
capacity alone.

This standpoint also avoids treating human beings as isolated rational choosers. Digital
environments are institutional and economic arrangements that organize interaction. Platforms
channel social activity through datafication, commodification, and selection, thereby
influencing the public values embedded in education, communication, and civic life (van Dijck
et al., 2018). The moral subject remains responsible, but responsibility is exercised within
environments that enable some actions, discourage others, and define what counts as success.
For this reason, the continuity of values is simultaneously personal, cultural, technological, and
institutional.

AXIOLOGICAL FRAGMENTATION IN DIGITAL CULTURE

Axiological change and axiological fragmentation are not identical. Change may clarify a value,
extend its application, or correct an exclusion inherited from the past. Fragmentation occurs
when the links that allow a value to orient action are weakened. A person may repeatedly use
the language of dignity, responsibility, or solidarity while each use remains confined to a
separate episode. The value then functions as a momentary signal rather than a stable ground
for judgment. The present analysis identifies temporal, contextual, and relational forms of this
condition.

Temporal fragmentation separates present reaction from both cultural memory and future
consequence. Digital circulation privileges immediacy: the newest item displaces the previous
one, and rapid response is often rewarded more visibly than reflection. Rosa's theory of social
acceleration shows how technological and social speed can transform the relation between
individuals and the world, producing pressure to keep pace while reducing the stability of
orientations (Rosa, 2013). Stiegler (2010) connects the capture of attention with a crisis of
intergenerational transmission, emphasizing that long-term attention is necessary for cultural
memory and education. When moral judgment is reduced to instant approval or condemnation,
values lose temporal depth. They cease to connect inherited experience, present choice, and
responsibility for consequences.

Contextual fragmentation appears when the same person moves rapidly among educational,
professional, entertainment, familial, and civic settings that use different communicative rules.
A concept such as freedom may function as a constitutional principle in one setting, an
advertising slogan in another, a marker of personal style in a third, and an emotional reaction
in a fourth. Diversity of use is not itself problematic. The problem begins when no reflective
connection is maintained among these meanings. Platform metrics intensify this risk by
converting qualitatively different acts into comparable indicators of visibility and response. As
Floridi (2014) observes, life in the infosphere reshapes how identities and relationships are
understood; the boundaries between online and offline experience become increasingly porous.
Without interpretive continuity, a moral term can remain highly visible while becoming
practically indeterminate.

Relational fragmentation weakens the movement from expression to reciprocal recognition.
Digital environments make communication easier, but connection is not automatically relation.
Couldry and Mejias (2019) show how human life is increasingly appropriated through data
relations, while Zuboff (2019) analyzes the conversion of behavioral experience into resources
for prediction and commercial control. In such systems, persons may be encountered primarily
as profiles, audiences, targets, or data sources. Turkle (2015) similarly warns that permanent
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connectivity can coexist with a retreat from demanding conversation. Spiritual values such as
respect, compassion, and solidarity become fragmented when they are displayed without an
obligation to listen, answer, revise, or care for those affected.

The three forms reinforce one another. A short time horizon makes contextual comparison
difficult; disconnected contexts make responsibility easier to avoid; and reduced reciprocity
weakens the social practices through which memory and shared meaning are sustained. Yet
fragmentation is not total or irreversible. Digital archives can preserve endangered languages,
online communities can renew traditions, and networked education can broaden access to
philosophical and cultural resources. The concept identifies a risk structure, not a deterministic
outcome. Its purpose is to reveal the conditions under which technical possibilities either
strengthen or weaken value-guided life.

FRAGMENTATION IS NOT PLURALISM

A crucial finding of the analysis is the distinction between fragmentation and pluralism.
Pluralism recognizes that people and communities may interpret the good through different
traditions, experiences, and moral vocabularies. It requires disagreement to remain dialogical:
positions must be intelligible, reasons can be examined, and participants remain answerable for
the consequences of their claims. Fragmentation, by contrast, does not necessarily create many
coherent positions. It can produce disconnected statements that change with the audience, the
moment, or the expected response, without a stable relation to reasons or practices.

This distinction prevents the defence of cultural continuity from becoming a demand for
uniformity. Moral continuity is compatible with debate, translation, and historical development.
Taylor's account of authenticity is useful here because genuine self-realization depends on
horizons of significance that cannot be created by individual preference alone (Taylor, 1991).
A choice becomes meaningful through languages and relationships that precede the choosing
subject. Likewise, Arendt's account of action emphasizes a shared world in which persons
appear before others and disclose who they are (Arendt, 1958). If the common world is replaced
by a sequence of isolated performances, plurality itself loses the space in which it can be
experienced and judged.

Pluralism therefore needs continuity. Participants may revise inherited meanings, but they must
be able to explain what has changed, what has been preserved, and why the reinterpretation
deserves recognition. The ability to move between contexts without abandoning responsibility
is a mark of moral maturity. A fragmented subject merely adapts signals to circumstances; a
pluralistic subject can translate among perspectives while preserving an accountable identity.
This difference is central to education, because teaching only the vocabulary of values is
insufficient. Learners also need practices of comparison, narration, dialogue, and reason-giving.

THE PRINCIPLE OF MORAL CONTINUITY

The main theoretical contribution of the study is the principle of moral continuity. The principle
states: a digitally mediated practice supports the continuity of spiritual values when value
meanings remain intelligible across contexts, present judgments remain connected to memory
and foreseeable consequence, and affected persons are recognized as participants to whom
reasons and care are owed. The principle has three interdependent conditions.

Semantic consistency is the first condition. It asks whether the core meaning of a value remains
recognizable when it moves among platforms, institutions, generations, and formats.
Consistency is not verbal repetition. A traditional narrative, a short video, and a classroom
discussion may express the same value differently. The test is whether the differences can be
explained without reversing the value's moral direction. For example, dignity cannot coherently
mean respect for every person in an educational text but permission to humiliate an opponent
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in public communication. Semantic consistency requires institutions and individuals to make
their implicit interpretations explicit and comparable.

Temporal depth is the second condition. It asks whether a moral statement is connected to
inherited memory, present circumstances, and foreseeable consequences. Temporal depth
resists both nostalgic repetition and presentism. The past is not treated as an untouchable
collection of formulas; it is a source of experience to be interpreted critically. The future is not
an ABSTRACT promise; it is the horizon in which today's technical and cultural choices affect
later generations. In practical terms, temporal depth can be strengthened through historical
comparison, slow reading, digital archives, intergenerational dialogue, and evaluation periods
long enough to observe whether a message changes conduct rather than only attracting
attention.

Relational reciprocity is the third condition. It asks whether those affected by a digital practice
can respond, question, contest, and participate in revising it. Reciprocity exceeds the presence
of a comment box. It requires institutional willingness to listen and to alter decisions when
justified criticism appears. UNESCO's Recommendation on the Ethics of Artificial Intelligence
places human dignity, cultural diversity, inclusion, human oversight, and awareness at the
centre of responsible technology governance (UNESCO, 2021). These commitments become
concrete when users are treated as moral interlocutors, not merely as recipients, consumers, or
sources of data.

The three conditions should be used together. Semantic consistency without temporal depth
may become rigid sloganizing. Temporal depth without reciprocity may romanticize tradition
and silence present experience. Reciprocity without semantic consistency may reward every
response equally while leaving no basis for judgment. Their integration creates a balanced
criterion: meaning must remain identifiable, history and consequence must remain visible, and
persons must remain answerable to one another. The principle is thus neither conservative
preservation nor permanent disruption. It describes responsible transformation.

IMPLICATIONS FOR EDUCATION, CULTURE, AND PUBLIC INSTITUTIONS

The framework has direct implications for education. Digital competence should include more
than operating devices, locating information, or generating content. It should cultivate the
ability to follow a value across contexts, reconstruct the history of a concept, identify its
practical consequences, and engage in reasoned disagreement. A learning task may ask students
to compare how dignity, freedom, or responsibility is represented in a classical text, a family
narrative, a public policy, and a social-media post. The purpose is not to impose a single
interpretation but to reveal where meanings remain continuous and where they become
detached from conduct.

Cultural institutions can apply the principle when digitizing heritage. The number of scanned
objects or views does not by itself show whether cultural memory is alive. Semantic consistency
requires reliable contextualization and careful translation. Temporal depth requires links among
artifacts, historical events, contemporary questions, and future responsibility. Relational
reciprocity requires participation by the communities whose languages, practices, and
memories are represented. Such participation is particularly important for multilingual
societies, where technical standardization can unintentionally narrow cultural visibility.

Public institutions can use the triad as a qualitative evaluation framework. Before launching a
digital initiative, they may ask three questions: Does the message preserve the declared value
across formats and target groups? Does the initiative connect immediate objectives with cultural
memory and long-term social effects? Can affected citizens respond meaningfully and influence
correction? These questions complement technical indicators rather than replace them. They
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help prevent a situation in which high reach is interpreted as moral effectiveness without
evidence of understanding, trust, or responsible action.

The approach is relevant to Uzbekistan's modernization agenda. The Uzbekistan—2030 Strategy
combines institutional development, education, digital transformation, and the strengthening of
national culture (Republic of Uzbekistan, 2023). A technohumanist reading suggests that these
goals should be evaluated as mutually dependent. Digital growth that weakens linguistic
diversity or intergenerational memory would conflict with cultural development; heritage
policies that exclude new forms of participation would fail to engage a changing society. Moral
continuity offers a way to connect innovation with national and universal human values without
reducing either to ceremonial language.

Institutional application nevertheless requires caution. The triad is a diagnostic framework, not
an automatic scoring system. Semantic consistency may be assessed through discourse analysis;
temporal depth through narrative and longitudinal methods; relational reciprocity through
observation, interviews, and participation records. The meaning of each condition must be
adapted to age, language, institution, and cultural setting. Future empirical studies should test
whether these dimensions can be reliably observed and whether they predict stronger
understanding, trust, and value-guided action.

CONCLUSION

Digital culture transforms not only the content of values but the social and temporal conditions
of valuing. The concept of axiological fragmentation identifies a specific danger within this
transformation: values may remain visible while losing coherence between meaning and
practice, memory and consequence, or expression and responsibility. Temporal, contextual, and
relational fragmentation describe different aspects of the same problem and show why neither
technological optimism nor cultural pessimism is sufficient.

The distinction between fragmentation and pluralism is essential. Pluralism depends on
coherent perspectives capable of dialogue; fragmentation disconnects claims from reasons and
obligations. Protecting continuity therefore does not mean demanding sameness. It means
preserving the intelligibility and accountability that make reinterpretation possible.

The proposed principle of moral continuity offers three conditions for responsible
transformation: semantic consistency, temporal depth, and relational reciprocity. Together they
provide a technohumanist criterion for assessing digital education, cultural communication, and
public initiatives. Technology serves human flourishing when it enlarges agency while
sustaining the narratives, memories, and relationships through which persons understand
dignity, freedom, duty, solidarity, and hope.

Because this is a conceptual study, its conclusions require empirical examination. Comparative
research across generations, languages, educational settings, and digital environments can
determine how the three conditions appear in practice and how they relate to durable moral
judgment. The contribution of the present article is to define the philosophical problem and
provide a coherent framework for that next stage of inquiry.
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ABSTRACT:

Open Access (OA) to research publications, often driven by funder mandates, aims to accelerate
knowledge dissemination and maximize research impact. Monitoring compliance with these
mandates is crucial but challenging. Google Scholar has emerged as a platform that
automatically tracks and reports public access compliance for numerous global funders. This
paper analyses publicly available compliance data, attributed to Google Scholar Metrics, for a
wide range of international research funders covering the post pandemic years 2021, 2022, and
2023, alongside an "Overall" compliance figure. The analysis reveals significant global
disparities: European funders (particularly UK, Netherlands, Switzerland, Nordics) generally
exhibit high compliance rates (often >85-90%), while North American funders show variability,
and many funders in Asia and other regions demonstrate lower compliance (often 40-60%).
Notable temporal trends include sharp declines for several major UK and Indian funders
between 2021-2023, contrasted with steady increases for Australian and some Canadian
funders. The study highlights the potential utility of platforms like Google Scholar for large-
scale monitoring while acknowledging significant limitations regarding data accuracy and
methodological transparency. The findings underscore the varying effectiveness or
enforcement of OA mandates globally and suggest areas for policy improvement and further
investigation into the drivers of compliance.

Keywords: Public Access Mandates; Open Access; Google Scholar Metrics; Research
Funding; Research Compliance; Open Science; Scholarly Communication.

Introduction

The Open Access (OA) movement, which promotes unrestricted online access to scholarly
research, has made significant strides over the past two decades, driven largely by public access
mandates from research funding organizations globally. These mandates require that
publications from funded research be freely accessible, either after a specific embargo period
through institutional/subject repositories (Green OA) or via OA journals (Gold/Hybrid OA).
The underlying goal is to enhance societal returns on research investments, expedite scientific
discoveries, and ensure equitable knowledge access. However, consistent compliance with
these mandates poses challenges such as the clarity of language, enforcement mechanisms,
researcher awareness, disciplinary practices, and available infrastructure. Monitoring
compliance is vital for funders to evaluate policy effectiveness and for the research community
to gauge accessibility levels. Traditionally, this monitoring relied on specific reporting systems,
surveys, or bibliometric analyses, which have been resource-intensive. Recently, indexing
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services like Google Scholar have started automated checks for public access compliance,
potentially providing a broader view, though possibly at the expense of nuance. This paper
analyzes funder compliance data from Google Scholar Metrics from 2021-2023, including an
overall metric for assessment.

Literature Review

Research on open-access (OA) has evolved from exploring the motivations for OA mandates
to examining their implementation and results. Dominance of a few publishers has intensified
the call for accessible government-funded research (Lariviére et al., 2015). Variability in funder
mandates affects compliance, with around two-thirds of publications under some mandates
being freely accessible (Lariviere and Sugimoto, 2018). Various OA routes, such as green and
gold OA, exhibit disciplinary differences, and a framework by Piwowar et al. (2018) categorizes
these forms, linking them to scholarly impact. Issues such as copyright and repository
procedures impede self-archiving (Swan & Brown, 2005). Recent studies reveal gaps between
policy and actual accessibility, with transformative agreements altering financial models but
not ensuring equitable access, as seen in Australia (Borrego et al., 2021). The post-pandemic
context has strengthened public access policies, exemplified by the OSTP 2022 memorandum
and the revised NIH policy, effective July 1, 2025. Plan S mandates seek immediate access
without embargoes, and frameworks like Horizon Europe stress integrating public access into
research funding. Metrics developed by Piwowar et al. (2018) aid in assessing accessibility,
although bibliometric data should be interpreted cautiously as they may not directly reflect OA
compliance or research quality (Bornmann and Daniel, 2008).

The reviewed literature establishes strong foundations for understanding OA mandates, author
compliance, repository deposit, public accessibility, and bibliometric measurement. However,
comparatively less attention is given to a systematic continent-wise comparison of actual funder
compliance over a common period, particularly across Europe, North America, Asia, Oceania,
South America, Africa, and international organizations.

Objective of the study

By examining trends across a diverse set of international funders, this study aims to:

1. Identify patterns in public access compliance levels across different funders and
geographical regions.

2. Analyse temporal trends in compliance rates between 2021 and 2023.

3. Discuss the implications of these findings for funders, researchers, and the OA
movement.

4. Critically consider the utility and limitations of using Google Scholar data for

compliance monitoring.
Context and Methodology

The analysis is based on data sourced from Google Scholar Metrics, focusing on public access
mandate compliance rates for international funding agencies from 2021 to 2023. Google
Scholar scans indexed articles to find those complying with public access mandates,
determining compliance as the percentage of articles publicly available. The methodology
includes descriptive statistics to categorize funders by their compliance rates as high (>85%),
moderate (60-85%), and low (<60%), grouping them by geographic region to identify patterns,
analysing year-over-year changes, and noting missing data.
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Data Limitations and Caveats

It is crucial to acknowledge the inherent limitations of this analysis, primarily stemming from
the nature of the data source:

« The analysis is based on a provided table, without direct verification through Google Scholar.

» Google Scholar's accuracy in detecting funding acknowledgements and accessible versions is
limited, potentially leading to misattribution or oversight of compliant versions (Tay, 2021,
Dalhousie Libraries Blog, 2021).

* "Public Access" as defined by Google Scholar focuses on free availability, which may not
meet all funders' specific licensing or deposit requirements.

 The timeframe addressed by the "Overall” compliance percentage is unspecified but likely
goes back before 2021.

* The analysis reveals correlations and trends but does not establish causation between policies
and compliance rates.

Results and Findings

The analysis of the provided Google Scholar compliance data (Table 1) reveals distinct patterns
and trends across the global funding landscape.

Table 1: Public access mandates — Google Scholar Metric (Public Access Mandates -
Google Scholar Metrics, 2025) [Arranged in the order of overall minimum to maximum
compliance percentage]

Funder IAbbreviation gggigtnry/ Continent |2021 2022 (2023 |Overall

Scientific and Technological \ryy i Turkey  |Asia 0% 1% |1% |1%

Research Council of Turkey

US Department of Education [ED USA f\(r)r:gr]ica 20% 21% |(17% |18%

Xgﬂgg‘;" SingaporEe”""O”me”t NEA Singapore | Asia 350  |53% |42% |36%

US  Administration  for|, usa |North 42% |48% |46% |39%

Community Living America

g;en::r;“t”te of Education), g USA ﬁ‘;\t’;ica 63%  [50% |48% |45%

Chief  Scientist  Office, UK 0 0 o o

Scottish Executive CSO (Scotland) Europe 62% 0% 161% |45%

. Hong

Eg‘;ea:zzn Grants - Council, o~ - Kong SAR|Asia 529  |51% |49% |46%
g rong (China)

Social Sciences and North

Humanities Research Council,[SSHRC Canada America 48% 54% |56% |46%

Canada

'L\J"E'“p'e Sclerosis - Society, |y yoc UK Europe  |49%  |57% |47% |46%

National Research ) South ; 0 0 o o

Foundation, South Africa NRF-SA Africa Africa 48% 47% |51% |47%

US Department of Defense  |DoD USA ,Izl\cr;:«g:ica 54% 53% |53% |49%

National Research | e s Singapore |Asia 56%  |56% |55% |49%

Foundation, Singapore
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US Office of the Director of

North

0, 0 0, 0,
National Intelligence ODNI USA America 53% 51% |51% |49%
ME Research UK MERUK UK Europe 100% [88% |47% |49%
National  Natural — Science o~ China  |Asia 51%  |52% |48% |50%
Foundation of China
Target Ovarian Cancer, UK [TOC UK Europe 57% 56% |70% |50%
Prostate Cancer UK PCUK UK Europe 54% 60% |60% |51%
Danish National Advanced|Danish Advanced 0 0 0 0
Technology Foundation Tech Fdn Denmark | Europe 9% 79% 188% |53%
Natural Sciences and North
Engineering Research Council NSERC Canada America 56% 59% [61% |54%
of Canada

_ Stroke

Stroke Association, UK Association UK Europe 59% 41% |55% |54%
heallh andCare Researchicrw (L\J/t/<ales) Europe |- 73% |60% |55%
Myrovlytis Trust, UK Myrovlytis Trust |UK Europe 60% 100% [40% |55%
.'?:fﬁ;g‘p;;; Iﬁziasc'e“"e &psT India Asia 54%  |51% |47% |56%
US ~ Department  of| usa  |North 5506  |55% |54% |56%
Transportation America
Dunhill Medical Trust, UK DMT UK Europe 65% 67% |65% |56%
E‘:;L‘;?Z‘L 'S;“t”te for Healthl\;jr UK Europe 62%  [65% |61% |57%
Council of Scientific and|og India | Asia 53%  |52% |46% |57%
Industrial Research, India
British Heart Foundation BHF UK Europe 67% 69% |66% |57%
Fondazione Telethon, Italy  [Telethon Italy Europe 65% 70% |66% |57%
Danish Council for|Danish  Council 0 0 o o
Technology and Innovation  [T&l Denmark | Europe 7% 83% |76% |57%
Department of Agriculture, 0 0 o o
Food and the Marine, Ireland DAFM Ireland Europe 68% 61% |57% |57%
Diabetes UK Diabetes UK UK Europe 63% 68% [64% |57%
European Hematology Netherland 0 0 o o
Association, Netherlands EHA S Europe 50% 67% 167% |57%
German Research Foundation DFG Germany |Europe 75% 76% |78% |58%
Patlent—Cente_red Outcomes PCORI USA North_ 62% 61% |60% |58%
Research Institute America
gz:;;rcf"””c" for Strategic o Denmark  |Europe 7%  |80% |81% |58%
Royal Netherl.ands Academy KNAW Netherland Eurape 69% 72% |70% |58%
of Arts and Sciences S
Chinese Academy of Sciences|CAS China Asia 59% 61% |57% |59%
Cancer Research UK CRUK UK Europe 66% 69% |67% |59%
Fundacdo de Amparo a South
Pesquisa do Estado de Sé&o|FAPESP Brazil America 60% 59% [60% |59%

Paulo
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Versus Arthritis, UK VA UK Europe 73% 70% |73% |59%
Parkinson's UK Parkinson's UK |UK Europe 67% 71% |63% |59%
é;iii:‘syUK of  Medical|,)s UK Europe 62%  [62% |57% |59%
Marie Curie Cancer Care, UK MCCC UK Europe 46% 73% |88% |59%
NBIA Disorders Association [NBIA USA ,Izl\cr:i‘t;ica 50% 50% |75% |60%
Coeliac UK Coeliac UK UK Europe 100% (80% [50% |60%
elgium urope 0 (] (] (i
('T:elf;%rgg) Foundationc,y o Belgi E 1% |78% |76% |61%
Danish ~ Council - for - Denmark |Europe 69%  |71% |72% |61%
Independent Research
Xé’sgiaﬂo':eﬂ&”e Disease |\ i\ pa UK Europe 69% [72% |60% |61%
Pancreatic Cancer, UK E:zr;ireeraB% UK Europe 60% 67% |78% |61%
(l\:lgt:r?gﬁl Sl“rf;:;)g?é Research\ \vrc Singapore | Asia 67%  |69% |67% |62%
us _Natlonal Science NSE USA North_ 7906 3% |72% |63%
Foundation America
gzg:gr';? Institutes of Healthc, o Canada ch::g;ica 2% |76% |77% |63%
Juvenlle_ Diabetes Research IDRE USA North_ 68% 64% |65% |63%
Foundation America
Alzheimer's UK Alzheimer's UK |UK Europe 65% 68% |64% |63%
Parkinson's Foundation, USA Parkmso_n S USA North_ 65% 64% |68% |63%
Foundation America
US Assistant Secretary for IASPR USA North_ 68% 70% (80% |63%
Preparedness and Response America
Canada  First  Research CEREE Canada North_ 63% 64% 168% |64%
Excellence Fund America
Autism Speaks Inc, USA IAS USA llzl\ﬁ:gr]ica 60% 68% |68% |64%
LTJgeA Donaghue  Foundation, iy - hie Fan - |USA X(r)r:;?ica 67%  |51% |57% |64%
gculggig'san Academy  of|, g Hungary | Europe 8%  |78% |83% |65%
Carlsberg Foundation DK Carlsberg Fdn  |Denmark |Europe 67% 71% |64% |65%
‘L’Jv}g”d"‘“de Cancer Research, \ycp UK Europe 73%  [68% |69% |65%
Action on Hearing Loss, UK [RNID UK Europe 86% 56% |64% |65%
MQ Mental Health Research [MQ UK Europe 67% 78% |69% |65%
Government of Argentina GoA Argentina i\?ﬁ;?ica 53% 53% |56% |66%
Workforce Development
Applied Research  Fund, WDARF Singapore |Asia 80% 69% |56% |66%
Singapore
Volkswagen Foundation VW Foundation |[Germany |Europe 74% 74% |76% |67%
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North

Leducq Foundation, USA Leducq Fdn USA America 64% 71% |69% |67%
X\’Ifi';ﬁzg‘e TrusUDBT India), o Alliance | India Asia 70%  [69% |66% |67%
Ministry of Health, Singapore [MOH-SG Singapore |Asia 66% 74% |71% |67%
us Natlona_l Aero_nautlcs and NASA USA North_ 74% 711% |72% |68%
Space Administration America
National Health and Medically, o0 Australia |[Oceania  [69%  |74% |80% |68%
Research Council, Australia
Xffai[r):pa”me“t of Veterans\, USA x‘r’;z?ica 69%  |70% |70% |68%
US National Oceanic and North 0 0 o o
Atmospheric Administration NOAA USA America 1% 68% 167% 68%
Fraunhofer-Gesellschaft FhG Germany |Europe 77% 76% |75% |68%
Internation
E:L‘;Fr’:t"g‘ry'\"o'ecu'ar Biology |-\ 1p. "E‘(';ermany International |69%  |73% |68% |68%
HQ)
Ontario Institute for Cancer OICR Canadz_i North_ 73% 76% |75% |68%
Research (Ontario) |America
Breast Cancer Now, UK BCN UK Europe 71% 77% |64% |68%
Elgxda Department of Health, FDOH USA ,Izl\(r)r:;?ica 68% 66% 169% |68%
vofkshire. Cancer: Research, g UK Europe  |69%  |72% |76% |68%
gg;’?Lg;}g’”&L Institute for onip UK Europe 86% |77% |72% |68%
midlcal Research Foundation, MRE UK Europe ) 80% |67% |68%
m‘i’:”me”t of Biotechnology, | p India Asia 66%  |64% |59% |69%
North
Genome Canada GC Canada America 82% 84% |(82% |69%
Health Data Research, UK~ [HDR UK UK Europe 72% 76% |66% |69%
Blood Cancer UK BCUK UK Europe 70% 70% |72% |69%
Melanoma Research Alliance [MRA USA X(r)r:;?ica 2% 69% |73% |69%
E;’JI':’ datio'r?”ke Charitable i,y USA mg;ica 2% |72% |74% |70%
Fonds de recherche du Quebec Canada North 0 0 o o
Societe et culture FRQSC (Quebec) [America 4% 2% 168% |70%
National Centre for
Replacement, Refinement &|NC3Rs UK Europe 74% 75% |77% |70%
Reduction, UK
European &  Developing Internation
Countries  Clinical  Trials|EDCTP al (NL/SA) International |75% 76% |71% |71%
Partnership
A*Star, Singapore IA*STAR Singapore |Asia 77% 74% |71% |72%
Fonds de recherche du Québec Canada North 0 0 o o
- Nature et technologies FRONT (Quebec) [America 5% 3% 70% |72%
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Grand Challenges, Canada g;r;ﬂfhallenges Canada Xcr;:;?ica 78% 74% |78% |72%
i(;’]“;ei?essgmted for Research|x jpp USA ":‘r)nré?ica 79%  |74% |56% |72%
International FOP Association IFOPA USA x(r)rg;ica 80% 83% |[38% |72%
North
US Department of Energy DOE USA America 7% T1% |76% |73%
Wellcome Trust WT UK Europe 78% 81% |79% |73%
E':;g:iL ?quijr%r Scientificicy g Belgium |Europe  |80%  [81% |81% |73%
:;g;:;r;]ouncn of Agricultural, - India Asia 69%  |68% |65% |73%
Mlnlstry of Business MBIE New Oceania ) i 72%  |73%
Innovation and Employment Zealand
Lymphoma Research North 0 0 o o
Foundation, USA LRF USA America 9% 86% |71% |73%
Swedish Research Council VR Sweden Europe 86% 88% |(89% |74%
American Heart Association |AHA USA X(r)r:(te?ica 75% 5% |75% |74%
Belgian Science Policy Office BELSPO Belgium  |Europe 77% 79% |75% |74%
Research Council of Lithuania|RCL Lithuania |Europe 76% 7% |79% |74%
Susan G. Komen Komen USA x(r)rg;ica 74% T7% |76% |74%
g"a“n';ﬁ’;e Sclerosis Society of ;oo Canada X(r)r:;?ica 5% |75% |80% |74%
g?altrl]\latlonal Institutes of NIH USA m;?ica 7506 74% |74% |75%
Netherlands Organisation for Netherland
Health Research and [ZonMw s Europe 62% 63% |56% |75%
Development
Finnish Funding Agency for o Finland  |Europe  |91%  [92% |92% |75%
Innovation (Business Finland)
Cancer Prevention Research North 0 0 o o
Institute of Texas, USA CPRIT USA America 5% 5% |79% | 75%
Arnold Ventures LLC AV usa (oM le1os  |s2se |eow |75%
Vienna Science and . 0 0 o o
Technology Fund, Austria WWTF Austria Europe 85% 78% |84% |75%
American  Brain - Tumor |, g USA North 4%  |67% |75% |75%
Association America
g‘:;'t?gagm';ggg:‘e Innovation ¢ Singapore |Asia 620  [85% |67% |75%
Australian Research Council |[ARC Australia  |Oceania 74% 76% |80% |76%
Japan  Science and jqp Japan  |Asia : 78% |76% |76%
Technology Agency
Internation
World Health Organization |WHO ?éwitzerla International |59% 64% |61% |76%
nd HQ)
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North

Prostate Cancer Canada PCC Canada America 72% 75% [82% |76%
i':s%ec'iatgf]re Neuroimmune|s oA USA ":‘r)nré?ica 83% |80% |100% |76%
Fundagao_ para a Ciencia e a FCT Portugal  |Europe 76% 79% (82% |77%
Tecnologia, Portugal
E:Sr'ﬂ;tio':a“ona' Researchip\ rr Denmark | Europe 83% |85% |88% |77%
one?;rathE‘i Stroke Foundation o Canada x‘r’nr;?ica 7% [80% |81% |77%
Lung  Cancer  Research North 0 0 o o
Foundation, USA LCRF USA America 2% 1% 180% | 77%
Fonds de recherche du Québec Canada North 0 0 o o
- Santé FRQS (Quebec) |America 82% 82% |79% | 78%
Ford Foundation Ford Fdn USA x(r)rg;ica 81% 80% |79% |78%
,'ilaert‘\‘l’vrgﬁi'cusﬁa”cer ACUON poncAN USA "mé?ica 79%  [73% |81% |78%
Canadian  Foundation  for CEHI Canada North_ 68% 63% |68% |78%
Healthcare Improvement America
'LI'JuSl?:rous Sclerosis Alliance, TSA USA )I:l\cr:qrg;ica 77% 100% 1100% |78%
Icelandic Centre for Research [Rannis Iceland Europe 82% 82% |(82% |79%
Damon ~ Runyon — Cancer oo USA North 79% |76% [81% |79%
Research Foundation America
V Foundation, USA 'V Foundation USA ,Izl\gwr;?ica 83% 79% |79% |79%
Government of Spain GoS Spain Europe 84% 86% (87% |80%
Federal Ministry of Education g o Germany |Europe  |84%  |84% |83% |80%
and Research, Germany
Rl e & Humanitiesiape UK Europe  |83%  |85% |85% |80%
Swiss Cancer League SCL ﬁ"‘”tze”a“ Europe 86%  |88% |87% |80%
I North
Chan Zuckerberg Initiative  [CZI USA America 80% 82% |(82% |80%
. . North
Canadian Cancer Society CCS Canada America 77% 78% |82% |80%
:jé?:ﬁg Education Authority, e Ireland  |Europe  |91%  |90% |88% |80%
LUNGevity Foundation, USA [LUNGevity USA ":gqr;?ica 87% |73% |76% |80%
Alberta Conservation Canada North 0 0 o 0
Association, Canada ACA (Alberta) |America 76% 8% |87% |80%
Science Foundation Ireland  |SFI Ireland Europe 77% 78% |78% |81%
'F}'jlt;?]ga' Science  Centre, | o\ Poland  |Europe 82% |82% |83% |81%
Hungarian Scientific Research |, Hungary |Europe  |89%  [87% |91% |81%

Fund
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Ministry ~ of  Education,

Science and Technological MESTD Serbia Europe 79% 81% [82% |81%
Development, Serbia

Irish Research Council IRC Ireland Europe 85% 88% (89% |81%
Innovation Fund Denmark  IFD Denmark |Europe 81% 84% |86% |81%
Michael Smith Foundation for Canada  |[North 0 0 0 o
Health Research MSFHR (BC) America 82% 84% 183% |81%
i;';')sgaﬂon UK Orthopaedic |, UK Europe 73%  |75% |100% |81%
e Beaumont. Foundation.ye gesymont Fanjusa. [N |s0%  |se% |100% |81%
Government of Italy Gol Italy Europe 84% 84% |87% |82%
Slovenian Research Agency |ARRS Slovenia |Europe 84% 87% (89% |82%
Villum Foundation \Villum Fdn Denmark |Europe 81% 84% |(84% |82%
gg?)fa'.r.‘g Foundation  "1al,. ~iva Fdn | Spain Europe 820  |84% |88% |82%
Z%gzzm'?'cagizﬁgnggency forivawa Poland  |Europe 81%  |86% |81% |82%
Eﬁtrjgg:;]og;?drieBsaltlc and East Ostersjostiftelsen | Sweden Europe 88% 86% (88% |82%
Fondazione Cariplo Cariplo Italy Europe 87% 91% |(91% |83%
Robert  Wood - Johnson gy usa [N laaw  |s7ee |esw |83%
%i(gci'ustgﬁzea“’h Futurely rrr Australia |Oceania  |81%  |82% |86% |83%
Swiss Cancer Foundation SCF §W|tzerlan Europe 86% 87% |86% |83%
Swedish-Norwegian Sweden/N

Foundation  for  Equine(S-NF orwa Europe 69% 82% |100% |83%
Research Y

ES‘SE d‘;ftii‘;"ede“ Tercentenary o, Sweden |Europe  |93%  |92% |93% |84%
National Institute of Health|, oo\ ) France  |Europe 91%  |92% [93% |85%
and Medical Research, France

John D. and Catherine T. North 0 0 o o
MacArthur Foundation MacArthur Fdn  |[USA America 86% 87% |88% |85%
Nordforsk NordForsk ;Tt(el\rlrc‘)?gf’cr; International 83%  |87% |89% |85%
,E\g\élr:(?;wf;;ar: d Protection EPA Ireland Ireland Europe 91% 90% [92% |85%
Ministry of Science andy, o\ ¢ Ethiopia | Africa 920%  |87% |82% |85%
Higher Education, Ethiopia

Arcadia Fund, UK Arcadia UK Europe 88% 71% |95% |85%
UK Medical Research Council MRC UK Europe 95% 80% |[69% |86%
UK  Biotechnology and

Biological Sciences Research BBSRC UK Europe 94% 7% |64% |86%
Council

Helmholtz Association HGF Germany |Europe 90% 90% |90% |86%
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Research Council of Norway [RCN Norway |Europe 92% 90% (91% |87%

Swedish Council for Health, |- pre Sweden  |Europe 91%  |93% |94% |87%

Labor and Welfare

International ~ Development IDRC Canada North_ 88% 86% 187% |87%

Research Centre, Canada America

:::ﬂ% Research  Board, |, o Ireland | Europe 91%  |93% |93% |87%

Leibniz Association Leibniz Germany |Europe 92% 92% |91% |87%

Swedish ~ Foundation  for

Strategic Environmental MISTRA Sweden Europe 93% 92% |95% |87%

Research

Knowledge  Foundation ey Sweden |Europe  |86%  |92% |90% |87%

Berit Wallenberg Foundation BWF Sweden Europe 75% 92% |100% |87%
EU

European Commission EC (Internatio |Europe (Int'l)|90% 90% [90% |88%
nal)

'E\évlizzatiowatlonal Science SNSE §W|tzerlan Europe 92% 93% (93% |88%

Austrian Science Fund FWF Austria Europe 93% 93% |94% |88%

National Office for Research,

Development and Innovation, NKFIH Hungary |Europe 90% 89% (89% |88%

Hungary

Swedish Research Council for

Environment, Agric & Spatial [Formas Sweden Europe 94% 95% |94% |88%

Planning

Vinnova, Sweden 'Vinnova Sweden Europe 88% 89% |(87% |88%

Luxembourg National ENR Luxembou Europe 92% 92% [90% |88%

Research Fund rg

Swedish ~  Environmental g Sweden |Europe  |97%  |96% |95% |88%

Protection Agency

SW|§s Federal Office for the FOEN Switzerlan Europe ) 93% |87% |88%

Environment d

Against Breast Cancer, UK |ABC UK Europe 100% |- - 88%

US Department of Agriculture USDA USA Q(r)r:;?ica 90% 90% [90% |89%

Academy of Finland IAKA Finland Europe 94% 95% (94% |89%

State of California CA USA ,Izl\ﬁlrgr]ica 89% 90% [90% |89%

. . North

Michael J Fox Foundation MJFF USA America 89% 90% (91% |89%

Templeton —World  Charity iy, Bahamas | NO'N 89%  |91% |90% |89%

Foundation America

Champalimaud Foundation |CF Portugal  |Europe 94% 90% [92% |89%

UK Engineering and Physical opqp UK Europe  |91%  |92% [92% |90%

Sciences Research Council

UK Economic _and  Social e gp -~ UK Europe 93%  |94% |94% |90%

Research Council
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US Agency for International USAID USA North_ 90% 91% 92% |90%
Development America
éé?egrgﬁ?:?g;sn for Cancer |z |rc Italy Europe 89%  |90% |91% |90%
Business Finland BF Finland Europe 92% 93% (91% |90%
Hewlett Foundation Hewlett Fdn USA ,Izl\cr:i‘t;ica 92% 91% [92% |90%
. North
Alex's Lemonade Stand IALS USA America 93% 92% [92% |90%
LCJi;l'L(‘jren s Tumor Foundation, CTF USA xtr)nrg;ica 88% 91% |88% |90%
Austrian Partnership
Programme in Higher APPEAR Austria Europe 96% 85% |(87% |90%
Education & Research
Chiklren s Groi;n‘ﬁf( andioe) g UK Europe  |86%  |92% |94% |90%
Huntington Society of Canada|HSC Canada ,':cr;:g;ica 90% 100% |100% |90%
é‘ggggfche'\'a“o“a'e de laANR France  |Europe 92% |92% |92% |91%
UK Research & Innovation  [UKRI UK Europe 92% 93% (94% |91%
Royal Society UK RS UK Europe 91% 91% (92% |91%
Human  Frontier  Science Internation
Prodram HFSP al (France|International |94% 92% (94% |91%
J HQ)
Dutch Cancer Society KWF L\'ethe”a“d Europe 95%  |95% |95% |91%
AXA Research Fund, France ﬁ‘lﬁﬁ‘ Research France Europe 92% 92% |94% |91%
Marianne _and = Marcusjy, sy Sweden  |Europe 95%  |93% |95% |91%
Wallenberg Foundation
Kone Foundation Kone Fdn Finland Europe 92% 92% |91% |91%
Aligning  Science  Across North 0 0 o o
Parkinson's, USA ASAP USA America 90% 92% 196% |91%
Marcus — and ~ Amaliay, Sweden  |Europe 88%  |90% |96% |91%
Wallenberg Foundation
ot d:ggnA"Ce Wallenberg Sweden |Europe  |94%  |95% |96% |92%
fgul Lalf Jameel Poverty s par usa [N leow |oswe |919% [92%
roward - Hughes  Medically gy usa o losw |osee |95k |93%
Bgsglrg;s]”gmfoé}é”tema“ona' DFID UK Europe 94%  |93% |94% [93%
Dutch Heart Foundation DHF ?ethe”a“d Europe 96%  |96% |97% |93%
Lverld Gancer Research Fund, e UK Europe  |94%  |95% |94% |93%
Cgfm Science Foundation, | o USA ﬁ‘r’nr;?ica 929%  |94% [95% |93%
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Ne.ther_lqnds Organisation for NWO Netherland Europe 96% 96% 96% |94%
Scientific Research S
UK Natural  Environment)y o ~ UK Europe 94%  |94% [94% |94%
Research Council
Bill & Melinda  Gates BMGE USA North_ 95% 95% |95% |94%
Foundation America
Internation
CGIAR CGIAR al (France|International |95% 94% |96% |94%
HQ)
Gordon_ and Betty Moore GBME USA North_ 94% 94% |94% |9a%
Foundation America
Internation
African Academy of Sciences |AAS al (Kenya|International |96% 95% (91% |94%
HQ)
UK Science and Technology o UK Europe 96%  |97% |98% |95%
Facilities Council
Swedish  National  Space g\ c Sweden |Europe  |94%  |98% |94% |95%
Agency
Dam Foundation, Norway Dam Fdn Norway |Europe 91% 95% |98% |95%
Swedish Farmers' Foundation|g, Sweden  |Europe 92%  [93% [96% |95%
for Agricultural Research
Brain Tumour Charity, UK |BTC UK Europe 97% 97% |98% |96%
Children's Investment Fund|~, - UK Europe  |95%  |98% |99% |96%
Foundation
Jules Thorn Trust, UK JTT UK Europe 98% 98% [96% |96%
Brain Research, UK 3?'“ Research ;¢ Europe 96% |97% |98% |97%
Human Milk Foundation, UK HMF UK Europe - 100% |- 100%
Stiftelsen  Skogssallskapet, Skogsséllskapet |Sweden Europe 100% |- - 100%
Sweden
Lymph&Co Foundation, NL |[Lymph&Co L\'ethe”a“d Europe - - 100% |100%
Grace  Kelly  Childhood 0 0
Cancer Trust, UK GKCCT UK Europe - - 100% |100%
Bikkja Trust, UK Bikkja Trust UK Europe 100% |- - 100%

Overall Compliance Levels and Regional Variations

. High Compliance Cluster (Often >85%): A substantial portion of European funders
exhibit strong compliance rates, both overall and annually. Notably, the Netherlands'
Organisation for Scientific Research (NWO) reports a 94% compliance rate. In the UK, various
UK Research and Innovation (UKRI) councils show high compliance, with the Science and
Technology Facilities Council (STFC) at 95%, the Natural Environment Research Council
(NERC) at 94%, and the Economic and Social Research Council (ESRC) at 90%. However,
some UK bodies have reported recent compliance declines. Switzerland's Swiss National
Science Foundation (SNSF) achieves 88% compliance. The Nordic countries are also well
represented, with Norway's Research Council at 87%, Finland's Academy at 89%, and Sweden's
Research Council at 74% (noting recent improvements). Other notable European funders
include Austria's Science Fund (FWF) at 88%, France's Agence Nationale de la Recherche
(ANR) at 91%, the European Commission (EC) at 88%, and Germany's Helmholtz Association
at 86%. Additionally, private foundations such as the Howard Hughes Medical Institute
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(HHMI) and the Bill & Melinda Gates Foundation demonstrate high compliance at 93% and
94%, respectively, along with Sweden's Knut and Alice Wallenberg Foundation at 92%.

. Moderate Compliance Cluster (Often 60-85%): The group encompasses various
funders primarily from North America, Australia, and Europe. In the USA, significant
contributions are noted from the National Institutes of Health (NIH, 75%), Department of
Energy (DOE, 73%), National Science Foundation (NSF, 63%), NASA (68%), and USDA
(89%). Canadian funding is represented by the Natural Sciences and Engineering Research
Council (NSERC, 54%), Canadian Institutes of Health Research (CIHR, 63%), and Social
Sciences and Humanities Research Council (SSHRC, 46%), with SSHRC being on the lower
end of moderate/low funding. Australia contributes through the Australian Research Council
(ARC, 76%) and the National Health and Medical Research Council (NHMRC, 68%).
European agencies include the Government of Spain (80%), Government of Italy (82%), and
Fundacéo para a Ciéncia e a Tecnologia of Portugal (77%).

. Low Compliance Cluster (Often < 60%): National funders from various regions
include: China (NSFC 50%, CAS 59%), India (DST 56%, CSIR 57%, DBT 69%), other
Asia/Pacific (Research Grants Council 46%, National Research Foundation 49%), Africa
(National Research Foundation 47%), and the USA (Department of Education 18%,
Department of Defense 49%, Office of the Director of National Intelligence 49%). Notably,
Turkey's TUBITAK has a funding rate of only 1%.

Temporal Trends (2021-2023)

. Notable Declines: Between 2021 and 2023, funding from several prominent UK
sources showed significant declines: the UK Medical Research Council decreased from 95% to
69%, the UK Biotechnology and Biological Sciences Research Council from 94% to 64%, and
Action on Hearing Loss from 86% to 64%. In India, funding also consistently declined, with
the Department of Science and Technology decreasing from 54% to 47%, the Council of
Scientific and Industrial Research from 53% to 46%, and the Department of Biotechnology
from 66% to 59%. In the USA, the Institute of Education Sciences fell from 63% to 48% during
the same period.

. Notable Increases: Australia's primary funding agencies showed consistent growth:
ARC increased from 74% to 80% and NHMRC from 69% to 80%. In Canada, CIHR improved
from 72% to 77% and SSHRC from 48% to 56%. Portugal's FCT rose from 76% to 82%.
Meanwhile, Argentina's government funding remained largely unchanged at 53%, rising
slightly to 56%.

. Stable Performance: Many high-compliance European funders, such as NWO, SNSF,
ANR, and the Austrian Science Fund, maintained stability, while several low-compliance
funders, including the US Dept of Education, RGC Hong Kong, and TUBITAK Turkey, also
exhibited little change.

o

Continent-Wise Analysis of Public Access Mandate Compliance (2021-2023)
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Public Access Mandate Compliance %

South America

North America
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Chart 1: Continent-Wise Analysis of Public Access Mandate Compliance (2021-2023)
Table 2: Continent-Wise Analysis of Public Access Mandate Compliance (2021-2023)

Overall Compliance

Continent Level Key Characteristics & Trends (2021-2023)
Generally highest rates globally, often >85-90% (esp. N/W Europe).
Europe Predominantly High |Many funders show stable high compliance (e.g., NWO, SNSF, ANR).

Notable recent sharp declines for some major UK funders (e.g., MRC, BBSRC).

North America

Variable

USA: High internal variation; moderate-to-high for NIH, DOE, major
foundations; significantly lower for NSF, DoD, DoEd.
Canada: Moderate, generally increasing compliance trends (e.g., CIHR, SSHRC).
Bahamas: Templeton WC Foundation shows high compliance.

Compliance often in the 40-60% range (China, India, HK, Singapore, Japan).

~10,

Asia Generally Lower Tur.key (TUBITAK) extremely _ low ( 1_/o).

Indian funders showed consistent decline.

Others relatively stable at lower levels.

Australian funders (ARC, NHMRC, MRFF) showed steady increases, reaching

. Moderate & .
Oceania . ~80% or higher.
Increasing

New Zealand data limited (one funder, 2023 only) but moderate (72%).

South America

Moderate to Lower

Limited data points.
Argentina  showed slight increase but remained in the 50s%.
Brazil stable around 60%.

Africa

Lower to Moderate

Very limited data points.
South Africa stable around 50%.
Ethiopia showed high but decreasing compliance (from >90% towards low 80s%).

International
Organizations

Generally High

Includes bodies like CGIAR, HFSP, AAS, WHO, Nordforsk, EMBL, EDCTP.
Often headquartered in Europe/NA.
Compliance often comparable to top European national funders (>85-90%).

There is a clear geographical disparity in reported public access compliance. Europe leads
significantly, followed by North America (with high internal variation) and Oceania. Asia,
South America, and Africa generally lag behind, based on the available data. International
organizations tend to perform well. Recent trends suggest improvement in some regions
(Oceania, Canada) but concerning declines in others (UK, India). These patterns likely reflect
differences in policy maturity, enforcement strength, infrastructure availability, and potentially
variations in how Google Scholar captures data across regions.

Overall vs. Recent Data Discrepancies

In several cases, the "Overall" compliance rate appears influenced by historical performance.
For instance, the UK MRC's 86% overall rate contrasts sharply with its 69% rate in 2023.
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Conversely, SSHRC Canada's recent increase to 56% is not yet fully reflected in its 46% overall
rate. This suggests the "Overall™ metric incorporates data preceding 2021.

Missing Data

Data points were missing for several funders, particularly smaller organizations or for the year
2021 (e.g., Japan Science and Technology Agency, Health and Care Research Wales). This
limits the completeness of the trend analysis for these specific bodies.

Discussion

Analysis of Google Scholar's compliance data indicates regional disparities in adherence to
public access mandates. High compliance in Europe is linked to strong open access policies and
established infrastructures like Europe PMC. In contrast, North America's mixed performance,
especially in the US, reflects fragmented federal mandates and varying resource allocation.
Countries such as China, India, South Africa, and Hong Kong exhibit lower compliance due to
newer mandates and indexing limitations. Declines in UK compliance raise concerns about
policy impacts, while Canada and Australia show improvements, suggesting effective policy
awareness efforts. The findings urge funders to revisit enforcement strategies and provide
clearer guidance to researchers on compliance. Overall, Google Scholar's data should be
interpreted as indicators rather than definitive compliance measures.

Conclusion

This analysis of funder public access compliance data from Google Scholar Metrics (2021-
2023) indicates significant global variability. European funders show high compliance rates,
while some major UK and Indian bodies have recently declined, with improvements in
Australia and Canada. The study emphasizes the importance of large-scale monitoring and
cautions against fully relying on automated data collection from Google Scholar, which may
not reflect the nuances of mandate compliance. Improving compliance with public access
mandates is vital for enhancing Open Access, necessitating a critical, multi-faceted monitoring
approach.

References

Borrego, A., Anglada, L., & Abadal, E. (2021). Transformative agreements: Do they pave the
way to open access? Learned Publishing.

Bornmann, L., & Daniel, H.-D. (2008). What do citation counts measure? A review of studies
on citing behavior. Journal of Documentation.

Dalhousie Libraries Blog. (2021, June 18). What does this new Google Scholar “Public Access”
feature mean for me or my work? https://blogs.dal.ca/libraries/2021/06/what-does-this-new-
google-scholar-public-access-feature-mean-for-me-or-my-work/

European Commission. (n.d.). Horizon Europe open-access requirements.

Gargouri, Y., Lariviere, V., Gingras, Y., Carr, L., & Harnad, S. (2012). Green and gold open
access percentages and growth, by discipline. PLOS ONE.

Google Scholar Blog. (2021, March 23). Track and manage your public access mandates.
https://scholar.googleblog.com/2021/03/track-and-manage-your-public-access.html

Google Scholar Metrics Help. (n.d.). Google Scholar Metrics.

Google Scholar Profiles Help. (n.d.). Public Access. Retrieved April 14, 2025, from
https://scholar.google.com/intl/en/scholar/citations.html#publicaccess

Hirsch, J. E. (2005). An index to quantify an individual's scientific research output. Proceedings
of the National Academy of Sciences.

August 18-19, 2026 / Sanlurfa, Tiirkiye 174



EL RUHA 15th INTERNATIONAL CONFERENCE ON SCIENTIFIC RESEARCH

Lariviére, V., Haustein, S., & Mongeon, P. (2015). The oligopoly of academic publishers in the
digital era. PLOS ONE.

Lariviere, V., & Sugimoto, C. R. (2018). Do authors comply when funders enforce open access
to research? Nature, 562(7728), 483-486.

Lariviere, V., & Sugimoto, C. R. (2018). Do global funders mandate open access to funded
research? Nature.

Martin-Martin, A., Orduna-Malea, E., Thelwall, M., & L6pez-Cozar, E. D. (2018). Google
Scholar, Web of Science, and Scopus: A systematic comparison of citations received by articles
in 26 subject areas. Journal of Informetrics.

National Institutes of Health. (n.d.). Updated NIH Public Access Policy.

OECD. (n.d.). Reports on open science and public research funding.

Open Access Network. (n.d.). cOAlition S and Plan S principles and implementation guidance.
Piwowar, H., Priem, J., Orr, R., et al. (2018). The state of OA: A large-scale analysis of the
prevalence and impact of Open Access articles. PeerJ.

Public Access Mandates - Google Scholar Metrics. (2025). Google.Com.
https://scholar.google.com/citations?view_op=mandates_leaderboard&hl=en

Suber, P. (2012). Open access. MIT Press.

Swan, A., & Brown, S. (2005). Open access self-archiving: An author study.

Swan, A., Gargouri, Y., Hunt, M., & Harnad, S. (2015). Open access policy: Numbers, analysis,
effectiveness. Pasteur4OA Project.

Tay, A. (2021, April 30). Google Scholar is now tracking researchers' compliance to public
access mandates. Singapore Management University Library Insights.
https://library.smu.edu.sg/topics-insights/google-scholar-now-tracking-researchers-
compliance-public-access-mandates

Thelwall, M., & Kousha, K. (2008). Academics' online books: An exploratory study and a
proposed model.

UNESCO. (2021). UNESCO recommendation on open science.

United States Office of Science and Technology Policy. (2022). Public access memorandum.
Vincent-Lamarre, P., Boivin, J., Gargouri, Y., Lariviére, V., & Harnad, S. (2016). Estimating
open access mandate effectiveness: A big data study of the post-2008 Conseil Européen de la
Recherche mandate. Journal of the Association for Information Science and Technology.

Xia, J., Myers, R. L., & Wilhoite, S. K. (2020). Do open access mandates work? A systematized
review of the literature on open access publishing rates. Journal of Librarianship and Scholarly
Communication, 8(1), eP12312.

Xia, J., etal. (2012). A review of open access self-archiving mandates. The Journal of Academic
Librarianship.

Publisher embargoes and institutional repositories: A case study of journal articles subject to
an Australian funder mandate. (2021). Information Research.

The practical implementation of open access policies and mandates in Spanish public
universities. (2021). Scientometrics.

August 18-19, 2026 / Sanlurfa, Tiirkiye 175



EL RUHA 15th INTERNATIONAL CONFERENCE ON SCIENTIFIC RESEARCH

FAECAL SHORT-CHAIN FATTY ACIDS IN RATS AND THEIR IMPORTANCE
RATLARDA FEKAL KISA ZiINCiRLi YAG ASITLERi VE ONEMi

Emsalnur ACIKGOZ
Doktora Ogrencisi, Selcuk Universitesi Veteriner Fakiiltesi, Biyokimya Anabilim Dal1
ORCID: 0009-0001-4232-7365

Beyza SUVARIKLI ALAN
Dr. Ogr. Uyesi, Selcuk Universitesi Veteriner Fakiiltesi, Biyokimya Anabilim Dali
ORCID: 0000-0003-4698-9291

Seyfullah HALILOGLU
Prof. Dr., Selgcuk Universitesi Veteriner Fakiiltesi, Biyokimya Anabilim Dali
ORCID: 0000-0001-8269-9668

OZET

Kisa zincirli yag asitleri, diyetle alinan sindirilemeyen liflerin bagirsak mikrobiyotasi tarafindan
fermantasyonu sonucunda olusan metabolitlerdir. Bu fermantasyon siireci insanlarda agirlikli
olarak kolonda, ratlarda ise baslica sekumda ger¢eklesmektedir. Olusan kisa zincirli yag asitleri,
bagirsak epitel biitiinliiglinlin siirdiiriilmesi, inflamatuvar yanitin modiilasyonu ve enerji
metabolizmasinin diizenlenmesi gibi bir¢ok fizyolojik siiregte 6nemli rol oynamaktadir.

Fekal orneklerin noninvaziv yontemlerle kolaylikla toplanabilmesi ve canli iizerinde operatif
bir miidahale gerektirmemesi, arastirmalarda kisa zincirli yag asitlerinin fekal Ornekler
lizerinden analizini avantajli ve yaygin olarak tercih edilen bir yaklagim haline getirmektedir.

Mikrobiyota ile dogrudan iligkili olan bu metabolitler, bagirsak mikrobiyotasini etkileyen ¢esitli
faktorlerden etkilenmektedir. Kisa zincirli yag asidi diizeylerindeki en belirgin degisiklikler
ozellikle diyet degisiklikleri ve bagirsakla iligkili hastalik durumlarinda gézlenmektedir. Kisa
zincirli yag asitlerinin 6nemli bir kismi bagirsaklardan emildiginden, bu degisimlerin
degerlendirilmesi amaciyla bazi ¢alismalarda dolagimdaki diizeyleri de analiz edilebilmektedir.
Bununla birlikte, deneysel ¢alismalarda kisa zincirli yag asitlerinin esas iiretim bolgesi olan
sekum igeriginden gergeklestirilen dlgtimler, lokal iiretimin degerlendirilmesi agisindan daha
kapsamli bilgi saglamaktadir. Fekal orneklerden gergeklestirilen analizler, canli iizerinde
invaziv bir girisim gerektirmemesi, seri ornekleme yapilmasina olanak saglamasi ve 6rnek elde
etme siirecinin kolay olmasi nedeniyle 6nemli avantajlar sunmaktadir.

Bu derlemenin amaci, diskida kisa zincirli yag asitlerinin 6l¢limiinde kullanilan giincel analitik
yontemleri, 0rnek hazirlama stireclerini, analiz 6ncesi degiskenleri ve yontemlerin avantaj ile
siirliliklarini kapsamli bir sekilde degerlendirmektir. Fekal orneklerden kisa zincirli yag
asitlerinin dl¢limii, bagirsak mikrobiyotasinin fonksiyonel kapasitesini degerlendirmede klinik
potansiyele sahip bir yaklasimdir. Analitik teknolojilerdeki gelismeler sayesinde Ol¢lim
dogrulugu ve duyarliligi artmis olmakla birlikte, 6rnek hazirlama ve analiz yontemlerinde
standardizasyonun saglanmasi gelecekteki arastirmalarin 6ncelikli hedeflerinden biri olmalidir.
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Standart analiz protokollerinin olusturulmasi, kisa zincirli yag asitlerinin klinik biyobelirte¢
olarak kullanimini giiclendirecek ve mikrobiyota temelli tani ile tedavi yaklagimlarmin
gelistirilmesine 6nemli katkilar saglayacaktir.

Anahtar Kelimeler: Kisa Zincirli Yag Asitleri, Fecal Analiz, Rat, Mikrobiyota

ABSTRACT

Short-chain fatty acids (SCFAs) are metabolites produced through the fermentation of
indigestible dietary fibers by the gut microbiota. This fermentation process occurs
predominantly in the colon in humans and primarily in the cecum in rats. The resulting SCFAs
play essential roles in numerous physiological processes, including the maintenance of
intestinal epithelial integrity, modulation of inflammatory responses, and regulation of energy
metabolism.

The ease of collecting fecal samples using non-invasive procedures without requiring surgical
intervention has made fecal SCFA analysis a practical and widely preferred approach in both
experimental and clinical research.

As metabolites closely associated with the gut microbiota, SCFA concentrations are influenced
by various factors affecting microbial composition and activity. The most pronounced
alterations in SCFA levels are observed in response to dietary changes and intestinal diseases.
Since a substantial proportion of SCFAs is absorbed through the intestinal epithelium,
circulating SCFA concentrations have also been analyzed in some studies to evaluate these
alterations. However, in experimental animal studies, measurements obtained from cecal
contents, the primary site of SCFA production, provide more comprehensive information
regarding local SCFA production. Nevertheless, fecal SCFA analysis offers significant
advantages, including its non-invasive nature, the feasibility of serial sampling, and the
simplicity of sample collection.

The aim of this review is to comprehensively evaluate the current analytical methods used for
the determination of fecal SCFAs, sample preparation procedures, pre-analytical variables, and
the advantages and limitations of the available methodologies. The quantification of SCFAs in
fecal samples represents a promising approach for assessing the functional capacity of the gut
microbiota. Although advances in analytical technologies have substantially improved the
accuracy and sensitivity of SCFA measurements, the standardization of sample preparation and
analytical procedures remains a major priority for future research. The establishment of
standardized analytical protocols will strengthen the application of SCFAs as clinical
biomarkers and contribute significantly to the development of microbiota-based diagnostic and
therapeutic strategies.

Keywords: Short-Chain Fatty Acids, Fecal Analysis, Rats, Gut Microbiota

GIRIS

Mikrobiyota; bakteri, viriis, protozoa ve arkea gibi ¢esitli mikroorganizmalar1 iceren kompleks
bir ekosistemdir (Mirzaei ve ark., 2021). Memelilerde karnivor, omnivor, herbivor, frugivor ve
folivor gibi farkli beslenme tiplerine bagl olarak mikroorganizma c¢esitliligi ve oranlarinda
belirgin farkliliklar gézlenir (Ley ve ark., 2008). Bagirsak mikrobiyotasinin kompozisyonunun
farkl tiirlerle karsilagtirildiginda ayni tiire ait bireyler arasinda daha yiiksek benzerlik gosterdigi
(Wu ve ark., 2022), omnivorlarda tanimlanan toplam mikrobiyal tiir sayisinin en yiiksek oldugu,
buna karsin bireysel 6rnek diizeyinde degerlendirilen alfa cesitliligi ve tiir zenginliginin
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herbivorlarda en yiiksek, omnivorlarda orta ve karnivorlarda en diisiik oldugu (Cheng ve ark.,
2025), filogenetik olarak yakin tiirler arasinda benzerligin daha yiiksek oldugu belirlenmistir.
Bu kapsamda, fare ve ratlarin bagirsak mikrobiyotasinin insan bagirsak mikrobiyotasi ile
benzerligi de oldukga yiiksektir (Flemer ve ark., 2017). Ayn1 zamanda 6zellikle monozigotik
ikizler olmak iizere genetik olarak yakin bireylerin mikrobiyota kompozisyonunun benzerlik
diizeylerinin yiiksek olusu dikkat ¢ekici bulunmustur (de Vos ve de Vos 2012). Gelismis
organizmalarda mikrobiyal hiicre sayisinin konak organizmanin toplam hiicre sayisina yakin
oldugu ve bu mikrobiyal popiilasyonun biiyiik bir boliimiiniin gastrointestinal sistemde yer
aldig1 bildirilmektedir (Sender ve ark., 2016).

Hayvanlar ve insanlarda bagirsak mikrobiyal kolonizasyonunun fetal donemde biiytlik 6l¢iide
steril oldugu kabul edilir. Dogumla birlikte, annenin vajinal ve intestinal kaynakli
mikrobiyotasindan kaynaklanan mikroorganizmalar yeni doganin bagirsak sistemine yerleserek
ilk mikrobiyal kolonizasyon siirecini baslatir (Topping ve Clifton 2001). Bu siire¢ sonucunda
her konak, ¢esitli faktorlerin etkisiyle 6zgilin bir mikrobiyal kompozisyon olusturmaktadir (de
Vos ve de Vos 2012). Tuketilen besinler sadece konak sindirim enzimleri tarafindan degil, ayni
zamanda bagirsak mikrobiyotast tarafindan da metabolize edilir. Gastrointestinal
mikroorganizmalar rediiktazlar, hidrolazlar, demetilazlar, a-glukuronidazlar ve a-glukozidazlar
gibi ¢ok sayida biyotransformasyon enzimlerini icermektedir (Haschek ve ark., 2010).
Memeliler, uzun zincirli yapisal karbonhidratlar1 tek bagslarina pargalayamadiklart igin
sindirimde mikrobiyal fermantasyon biiyiik bir avantaj saglamaktadir (Bergman 1990). Konak
tarafindan sindirilemeyen kompleks polisakkaritlerin, 6zellikle diyet lifi ve direngli nisasta gibi
substratlarin, bagirsak mikrobiyotasi tarafindan fermente edilmesi sonucu olusan kisa zincirli
yag asitleri (short-chain fatty acid, SCFA) bir ila alt1 karbon atomu igeren alifatik zincire sahip
karboksilik asitlerdir (Topping ve Clifton 2001, O’Riordan ve ark., 2022). Fermente edilebilir
lif aliminin yetersiz oldugu durumlarda, mikrobiyota enerji kaynagi olarak endojen veya diyetle
alinan proteinleri ve yaglar1 da kullanabilir. Ancak bu durumda mikrobiyal fermantasyon profili
degismekte ve toplam SCFA iiretimi azalmaktadir. Protein fermantasyonu ile de olusan
SCFA’lar, 6zellikle izobiitirat, 2-metilbiitirat ve izovalerat gibi dall1 zincirli yag asitleridir. Bu
bilesikler, yalnizca valin, 16sin ve izolosin gibi dalli zincirli amino asitlerin mikrobiyal
fermantasyonu ile olusmaktadir (Koh ve ark., 2016).

Karbonhidratlarin SCFA’lara doniisiimii, farkli metabolik yolaklara sahip karmasik mikrobiyal
topluluklar tarafindan gerceklestirilir. Asetat {iretimi, asetil-CoA’nin dogrudan asetata
doniistimii ve asetojenik bakterilerde goriilen Wood—Ljungdahl yolu olmak tizere temel olarak
iki yol tizerinden gergeklesir. Wood—Ljungdahl yolunda karbondioksit (CO:) indirgenerek
karbonmonoksit (CO) olusur ve metil gruplari ile koenzim A birleserek asetil-CoA sentezlenir.
Propiyonat {iretimi ii¢ temel yol iizerinden gergeklesir. Bunlar stiksinat yolu, akrilat yolu ve
propandiol yoludur. Siiksinat yolu aracilifiyla {iretim siiksinatin metilmalonil-CoA’ya
dontistimii lizerinden gergeklesir. Bu yol baslica Bacteroides, Akkermansia, Prevotella,
Alistipes, Ruminococcus ve Dialister tiirleri tarafindan ydrutilmektedir. Akrilat yolu laktat
onciillii olup, Coprococcus, Clostridium ve Megasphaera tiirleri ile iligkilidir. Propandiol yolu
ise Roseburia, Lachnospiraceae, Eubacterium ve Blautia gibi bakteriler tarafindan deoksi
sekerlerin (fukoz ve ramnoz gibi) fermantasyonu ile gerceklestirilir. Biitirat iretimi esas olarak
batiril-CoA {izerinden gergeklesmekte olup, Clostridium, Faecalibacterium, Eubacterium,
Roseburia ve Butyrivibrio tiirleri baglica tiretici bakterilerdir. Bu siiregte iki molekiil asetil-CoA
kondanse olarak bitiril-CoA olusturur ve ardindan biitirat sentezi ger¢eklesir (Thulasinathan ve
ark., 2025). Bagirsak bakterileri laktat ve asetat1 da substrat olarak kullanarak biitirat {iretimini
stirdiirebilmektedir. Bu mekanizma, laktat birikimini dnleyerek bagirsak ortaminin stabilitesine
katki saglar. Ayrica bazi1 bakteriyel tiirlerin lizin metabolizmasi yoluyla protein kdkenli
substratlardan da biitirat liretebildigi one stiriilmiistiir (Koh ve ark., 2016).
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Kisa zincirli yag asitleri

Ratlarda sekum, oldukg¢a gelismis bir fermantasyon organi olup mikrobiyal metabolizma
acisindan yiiksek aktivite gostermektedir (Haschek ve ark., 2010, Vdoviakova ve ark., 2016).
Kisa zincirli yag asitlerinin baslica liretim bolgesi sekum olmakla birlikte kolon ve kalin
bagirsagin diger segmentlerinde de sentez gerceklestirilebilmektedir (Rechkemmer ve ark.,
1988, Knapp ve ark., 2013). Bu tiirlerde cinsiyet ve diyet iceriginden bagimsiz olarak sekumdan
distal kolon segmentlerine dogru SCFA diizeylerinde gozlenen azalmanin, SCFA {iretiminin
baslica sekumda gerceklesmesi ve olusan metabolitlerin kolon boyunca progresif olarak
emilmesi ile iliskili oldugu belirlenmistir (Celik ve ark., 2025).

Tiirler arasinda morfolojik farklilik gosteren sekum, diyetle alinan bilesikleri detoksifiye eden
veya biyolojik olarak aktif formlara doniistiiren ve vitamin sentezine katkida bulunan metabolik
olarak aktif bir mikrobiyal ekosistem icerir. Kemirgenlerde sekum biiyiikligiiniin
antibiyotikler, modifiye nisastalar, sorbitol ve mannitol gibi poliollere, bazi diyet liflerine ve
laktoz gibi besin bilesenlerine duyarli oldugu bildirilmistir (Berthram 2002). Choi ve ark.
(2021) 6, 31, 74 haftalik ve 2 yasindaki erkek Fischer ratlarin sekum igerigini asetat ve biitirat
yoniinden karsilagtirdiginda biitirat diizeyinin yasla birlikte azaldigini, asetat diizeyinin ise 74
haftaya kadar azaldigini, 2 yasinda ise 74 haftalik konsantrasyonun yaklagik 2 katina kadar
ulastigini belirlemislerdir.

Bagirsakta tiretilen SCFA’larin %95’ inden fazlasini asetat, propiyonat ve biitirat olugturmakta
olup, bunlarin orani1 yaklasik 60:20:20 seklindedir. Geriye kalan %5’lik kismi ise valerat,
izovalerat, kaproat, izokaproat, siiksinat ve diger kisa zincirli bilesiklerden olusmaktadir
(Tungland 2018, O’Riordan ve ark., 2022). SCFA’larin iiretim oranlar1 genel olarak sabit kabul
edilse de mikrobiyota kompozisyonu, diyet, konak genotipi ve bagirsak segmentine bagl olarak
degiskenlik gosterir. Bu metabolitlerin diizeyleri, mikrobiyal aktivitenin ve diyet-mikrobiyota
etkilesiminin degerlendirilmesinde yararli gostergeler olarak kabul edilmektedir (Kleessen ve
ark., 1997, Cong ve ark., 2022). Segers ve ark. (2019), SCFA dizeylerinin gin igindeki
degisimini degerlendirmek amaciyla, 24 saatlik periyot boyunca 4 saatlik araliklarla sakrifiye
edilen farelerin distal kolonlarindan elde edilen fekal orneklerde SCFA analizlerini
gerceklestirdikleri caligmalarinda, ortalama fekal asetat konsantrasyonunun propiyonat ve
btirat konsantrasyonlarindan yaklasik 10 kat daha yiiksek oldugunu belirlemislerdir. Ayrica
asetat, propiyonat ve biitirat diizeylerinin tamaminin istatistiksel olarak anlamli diyiirnal ritim
sergiledigi gozlenmistir. Tahara ve ark. (2018), erkek farelerde sekum SCFA’larin sirkadiyen
degisimini incelemisler ve asetat ile biitirat konsantrasyonlarinin karanlik fazin baglangicinda
daha yiiksek oldugunu bildirmislerdir. Bu artisa paralel olarak, organik asit liretimindeki
yiikselmeye bagli olarak sekum pH degerinin ayni zaman diliminde daha diisiik oldugunu
belirlenmistir. Calismada ayrica sekum asetat ve biitirat diizeylerinin belirgin gilindiiz-gece
dalgalanmalar sergiledigi ve bu metabolitlerin farelerin aktif beslenme donemine karsilik gelen
karanlik fazda daha yiiksek konsantrasyonlarda bulundugu goriilmiistiir.

Fekal orneklerden ve sekum iceriginden SCFA 6l¢iimii gerceklestiren galismalarda, normal
yemle beslenen hayvanlarda farkli sonuglarin bildirildigi gériilmektedir. Olgiimlerde kullanilan
cihaz ve analiz yontemlerindeki farkliliklarin yani sira, konsantrasyon degerlerinin ifade
edilmesinde  kullanilan  birimlerin ~ degiskenlik  goOstermesi, caligmalar  arasinda
standardizasyonun saglanmasini gii¢lestirmektedir (Hoverstad ve Midtvedt 1986, Zhao ve ark.,
2016, Cai ve ark., 2017).

Kalin bagirsaktaki gecis siiresinin uzamasi, protein fermantasyonunun artmasina bagli olarak
mikrobiyal metabolit profilinde degisikliklere neden olmaktadir. Yas, diyet, hastalik durumu,
ila¢ kullanimi, antibiyotik maruziyeti, hormonal ve néroendokrin faktorler ile dogum sekli gibi
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birgok konak faktorii bagirsak mikrobiyotasinin kompozisyonunu ve dolayisiyla SCFA
uretimini etkileyebilmektedir (Macfarlane ve Macfarlane 2003, Mann ve ark., 2024).

Kolonositler SCFA’lar1 sodyuma bagimli ve proton bagimli monokarboksilat tasiyicilar
araciligiyla absorbe eder. Emilen SCFA’larin biiyilik kismi portal dolasimla karacigere taginarak
enerji metabolizmasinda kullanilir, yalnizea kiigiik bir kismi sistemik dolasima katilir (Cheng
ve ark., 2024). Bagirsaktan emilen propiyonat karacigerde metabolize edilirken, asetat sistemik
dolasima katilabilir veya periferik dokulara tasinabilir. Biitirat ise baglica kolonositler
tarafindan enerji kaynagi olarak kullanmilmaktadir (Tan ve ark., 2014). Roediger (1982),
kolonositlerin temel enerji kaynaginin glikoz degil biitirat oldugunu ortaya koyarak bagirsak
mikrobiyotast ile kolon mukozasi arasindaki simbiyotik iligskiyi tanimlamistir. Farkli
SCFA’larin bagirsaktaki dagilimi da bolgesel farklilik gostermektedir. Asetat ve propiyonat
tiim bagirsak boyunca yayginken, biitirat daha ¢ok kolon ve sekumda yogunlagsmaktadir (Vogt
ve ark., 2015).

Kisa zincirli yag asitleri yalnizca bir enerji kaynagi degil, ayn1 zamanda 6nemli diizenleyici ve
sinyal molekiilleridir. Belirli kosullar altinda apoptozu indiikleyerek hiicre proliferasyonunu
kontrol edebilirler (Schonfeld ve Wojtczak 2016). SCFA’lar hiicrelerdeki histon deasetilaz
(HDAC) aktivitesini inhibe ederek hedef hiicrelerdeki gen ifadesini modile etmektedir.
Biitiratlar histon deasetilazlarin en giiglii SCFA inhibitoriidiir. SCFA aracili histon
deasetilazlarin inhibisyonundan kaynaklanan histonlarin hiperasetilasyonu kromatin yapisini
degistirmektedir. Histon hiperasetilasyonunun transkripsiyon faktorlerinin belirli genlere
erigilebilirligini degistirebilmesi ile SCFA aracili olarak gen ekspresyonunda degisikliklere
neden olmaktadir (Natarajan ve Pluznick 2014). Ayrica SCFA’larin gastrointestinal
fonksiyonlar, kan basinci diizenlenmesi, sirkadiyen ritimler, dogustan ve adaptif bagisiklik
yanitlari ile merkezi sinir sisteminde mikroglia olgunlagmasi ve astrosit gen ekspresyonunun
cinsiyete bagl diizenlenmesi gibi ¢ok sayida fizyolojik siirecte rol oynadig: bildirilmektedir
(O'Riordan ve ark., 2022).

FEKAL ORNEKLERDE SCFA ANALIZi

Fekal orneklerde belirlenen SCFA diizeylerinin, konak organizmadaki ger¢gek SCFA miktarini
ve dagilimini ne dlgiide yansittigi konusu literatiirde halen tartisiimaktadir. Ozellikle merkezi
sinir sistemi (MSS) ve beyin ile iligkili ¢aligmalarda, serum ve beyin dokusundaki SCFA
diizeylerinin de degerlendirildigi bildirilmektedir (Li ve ark., 2021).

SCFA’larin ugucu yapida olmalari nedeniyle analizde yasanacak gecikmeler analit kaybina yol
acabilmektedir. Analiz edilecek fekal ornekler taze olarak toplanmali ve miimkiin olan en kisa
strede analiz edilmeli; aksi durumda 6rnekler -80 °C’de dondurularak uygun kosullarda
muhafaza edilmelidir. Uygun saklama kosullar1 hem ugucu bilesiklerin stabilitesinin
korunmasini hem de mikrobiyal aktivitenin minimal diizeyde tutulmasini saglamaktadir
(Hoving ve ark., 2018).

Biyolojik 6rneklerde SCFA analizinde gesitli analitik yontemler kullanilmaktadir. Yontemler
arasinda ultraviyole (UV) dedektori veya elektrokimyasal dedektor (ECD) ile yuksek
performanslt sivi kromatografisi (HPLC), kiitle spektrometrisi (MS) veya alev iyonizasyon
dedektori (FID) ile kombine gaz kromatografisi (GC-MS), nukleer manyetik rezonans (NMR),
stvi kromatografisi (LC) ve kapiller elektroforez (CE) yer almaktadir. Son yillarda daha hizl
ve hassas analiz yontemleri gelistirilmis olmakla birlikte fekal SCFA kantitasyonu i¢in en
yaygin kullanilan yontemin gaz kromatografisi (GC) oldugu bildirilmistir (Primec ve ark.,
2017, Vinelli ve ark., 2022).

Kisa zincirli yag asitlerinin analizi, yiliksek uguculuk ve hidrofilik 6zellikleri nedeniyle cesitli
analitik giicliikler icermektedir. Ozellikle diski gibi karmasik biyolojik 6rneklerde matriks
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etkileri nedeniyle giivenilir analiz i¢in kromatografik ayrim gereklidir. Ancak hidrofilik
yapilari, formik asit igeren su-asetonitril mobil fazinin kullanimini sinirlandirirken; formik ve
asetik asitlerin SCFA bilesenleri arasinda yer almasi, bu maddelerin iyonizasyonu artirici
katkilar olarak kullanilmasini engellemektedir. Bu kisitliliklar, SCFA’larin dogru, hassas ve
giivenilir kantitatif analizini zorlastirmaktadir (Rohde ve ark., 2022).

Kiiciik ve ucucu molekiillerin analizinde en yaygin kullanilan yontemlerden biri gaz
kromatografisi-kitle spektrometrisidir (GC-MS) (Hoving ve ark., 2018). GC-MS, SCFA’larin
tespitinde yiiksek dogruluk ve giivenilirlik saglayan gli¢lii bir yontem olmakla birlikte, numune
hazirlama asamasinin zaman alict olmasi ve yoOntemin smirli sayida biyolojik o6rnege
uygulanabilmesi 6nemli dezavantajlar arasinda yer almaktadir (Trivedi ve ark., 2022).

GC-MS’ye ek olarak niikleer manyetik rezonans (NMR) spektroskopisi (Hoving ve ark., 2018),
gaz kromatografisi (GC) ve kiitle spektrometrisi ile birlestirilmis ters fazli sivi kromatografisi
(RP-LC-MS) gibi analitik teknikler, SCFA’larin analizinde yaygin olarak kullanilan alternatif
yontemler arasindadir. Biyolojik sivilarda eser diizeyde bulunan SCFA’larin belirlenmesinde
Ozellikle LC-MS/MS tabanli biyolojik analiz yontemlerinin kullanimi yiiksek hassasiyet,
Ozgiillik ve diisiik tespit limitleri saglamasi nedeniyle son yillarda onemli Olgiide artis
gostermistir (Trivedi ve ark., 2022).

HPLC, SCFA’larin analizinde kullanilan 6nemli yontemlerden biri olup, gaz kromatografisine
(GC) etkili bir alternatif olarak degerlendirilmektedir. HPLC’nin GC’ye kiyasla baslica
avantaji, analizlerin daha disiik ¢alisma sicakliklarinda gergeklestirilebilmesidir. Nukleer
manyetik rezonans (NMR) spektroskopisi ise mutlak Ol¢iim saglayabilen, tahribatsiz,
tekrarlanabilir ve objektif bir analiz yontemi olarak 6ne ¢ikmaktadir. Bu yontem, 6zellikle
karmasik biyolojik Orneklerde bulunan farkli metabolitlerin kimyasal bilesim ve
konsantrasyonlarinin es zamanli olarak izlenmesinde yaygin sekilde kullanilmaktadir.
Metabolit konsantrasyonlarinin belirlenmesinde mikromolar (uM) diizeyinde tespit limitlerine
ulagabilmesi, NMR’yi kapsamli ve yeterli hassasiyete sahip bir teknik haline getirmistir.
Metabolik profilleme olarak adlandirilan, hizli, stabil ve yiiksek diizeyde tekrarlanabilir
metabolik profillerin elde edilmesine olanak saglayan NMR yontemi, minimum diizeyde
numune On iglemi gerektirmesi nedeniyle de diger yontemlere oranla avantaj sunmaktadir.
Bununla birlikte, karmasik biyolojik materyallerden ¢ok sayida metabolitin etkin sekilde
ekstrakte edilebilmesi i¢in numune hazirlama siireglerinin optimize edilmesi gerekmektedir
(Primec ve ark., 2017).

SCFA RESEPTORLERI

Mikrobiyota konak canliyla bagirsaklardan kan dolasimina emilerek gecen SCFA’larin konakei
G proteinine bagl reseptdrler (GPCR'ler) tarafindan algilanmasiyla iletisim kurar. Dért SCFA
reseptorii tanimlanmis olup, bunlar Gpr41 (serbest yag asidi reseptorii 3, Ffar3), Gpr43 (serbest
yag asidi reseptorii 2, Ffar2), Gpr109a ve Olfr78 (koku reseptorii 78)’dir. Gprd3 ve Gpr4l en
1yl incelenmis SCFA reseptorleridir. Gpr41 formiyat, asetat, biitirat, izobiitirat ile bag yapabilse
de Ozellikle propiyonata duyarlidir. Gpr41 gibi, Gpr43'iin de propiyonata en duyarl reseptor
oldugu belirlenmistir. Gpr43 bagirsak mikrobiyotasi tarafindan tiretilen SCFA’lara yanit olarak
konak¢inin inflamatuvar yanitlarini diizenler. Olfr78, asetat ve propiyonata yanit verir ancak
biitirata yanit vermezken, Gpr109A yalnizca biitirata yanit verir. Hem Olfr78 hem de Gpré41
bagirsak mikrobiyotasindan tiiretilen SCFA’lar1 algilayarak kan basincini diizenlemede etkili
rol oynamaktadir (Natarajan ve Pluznick 2014).
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SCFA DUZEYLERINE ETKILI FAKTORLER
Beslenme

Beslenme aligkanliklar1 ve uygulanan farkli diyetlerin bagirsak mikrobiyotasint 3 hafta
icerisinde degistirebilecedi, cesitli maddeler ve yollar araciligiyla hastalik risklerini
arttirabilecegi bilinmektedir (Emre ve ark., 2023).

Farkli beslenme sekilleri, mikrobiyota kompozisyonu ve buna bagl olarak iiretilen SCFA
miktarmi degistirir. Mustika ve ark. (2024), ratlarda farkli diyet uygulamalarinin digki SCFA
diizeylerine etkisini inceledikleri ¢aligmalarinda, kontrol grubuna gore, yiiksek yagli ve yiiksek
fruktozlu diyetle beslenen gruplarda asetik asit ve biitirik asit diizeylerinin azaldigini,
propiyonik asit diizeyinde ise artis gosterdigini belirlemislerdir. Bat1 tipi diyetle beslenenlerde
ise asetik asit ve propiyonik asit diizeylerinde artis, biitirik asit diizeyinde ise azalma tespit
edilen ¢alismada arastirmacilar, diyet gruplar1 arasinda en belirgin degisimin biitirik asit
diizeylerinde oldugunu ve 6zellikle ytliksek yagl ile yiliksek fruktozlu diyetin biitirat {iretimini
baskilayici etki gosterdigini bildirmislerdir.

Ballout ve ark. (2025) ise yiiksek lifli diyetle beslenen ratlarin sekumunda asetat
konsantrasyonunun arttigini, buna karsilik propiyonat ve biitirat diizeylerinin azaldigini, toplam
SCFA konsantrasyonunun ise anlamli bir degisim gostermedigini bildirerek, bu durumun lif
alimina bagli olarak SCFA iiretiminin artmasina ragmen sekum epitelinde emilim hizinin da
artmastyla dengelenmis olabilmesinden kaynaklanabilecegini 6ne siirmiislerdir.

Suvarikli Alan ve ark. (2026) yiiksek dozda akrilamid maruziyetinin bagirsak dokular1 ve
bariyerine zarar verebilecegini, bagirsakla iligkili metabolitlerde degisikliklere yol
acabilecegini bildirmislerdir.

Yas

Ratlarda bagirsak mikrobiyotasinin filogenetik cesitliliginin yasla birlikte arttig1 bildirilmistir.
Yasla birlikte tiretilen SCFA konsantrasyonunda ve oraninda degisiklikler meydana
gelmektedir. Ancak literatiirde bildirilen bulgular arasinda farkliliklar bulunmaktadir. Flemer
ve ark. (2017), ratlan {i¢ farkli yas grubuna ayirarak digski mikrobiyota bilesimini incelemisler
ve yasa bagli olarak mikrobiyota kompozisyonunda belirgin farkliliklarin yaninda toplam
SCFA diizeyinin yasla birlikte arttigini, bu artisin Ozellikle asetat, propiyonat ve bdtirat
konsantrasyonlarindaki yiikselmelerden kaynaklandigini belirlemislerdir. Buna karsilik, diisiik
diizeyde bulunan diger SCFA’larda anlamli bir degisiklik olmadig1 ve toplam SCFA profiline
belirgin bir katki saglamadig1 gozlenmistir.

Kisa zincirli yag asitlerinin otonom sinir sistemi fonksiyonlarinin diizenlenmesinde rol
oynayabilecegi ve yash rat kardiyak ritim bozukluklarmin, 6zellikle atriyal fibrilasyonun
baslangi¢ ve progresyonunu etkileyebilecegi diisiiniilmektedir. Liu ve ark. (2024) yagh ratlarda
bagirsak mikrobiyotasinin bozuldugunu, 6zellikle Firmicutes/Bacteroidetes oraninda azalma
oldugunu bildirmislerdir. Digki1 SCFA profilinin de incelendigi ayn1 ¢alismada asetat ve biitirat
diizeylerinde azalma, izovalerat diizeyinde ise artis tespit edilmistir. Ayrica yasl ratlarda azalan
SCFA diizeyleri ile kalp atis hizi1 degiskenligi arasinda anlamli bir korelasyon oldugu
belirlenmistir.

Polifenoller ve Diger Biyoaktif Bilesikler

Polifenoller, bagirsak mikrobiyotasinin metabolik aktivitelerini etkileyebilen 6nemli biyoaktif
bilesiklerdir. Diisiik biyoyararlanim ve sinirli plazma konsantrasyonlarina ragmen, bu
bilesiklerin biyolojik etkilerinin 6nemli bir kisminin bagirsak mikrobiyotas: tarafindan
metabolize edildikleri ve bu siiregte olusan metabolitler aracilifiyla ortaya ciktiklart
diisiiniilmektedir (Eid ve ark., 2017). Ornegin baicalein’in SCFA metabolizmasin1 modiile
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edebildigi bildirilmistir (Zhang ve ark., 2018). Bu baglamda, ratlarda geleneksel Cin tibbinda
kullanilan Euphorbia kansui bitkisinin kurutulmus kokiiniin uygulanmasinin diski SCFA
konsantrasyonlarinda azalmaya yol a¢tigi goriilmistiir (Jiang ve ark., 2020). S6z konusu
bitkiden izole edilen 3-O-(2'E.4'Z-dekadienoil)-20-O-asetilingenol (3EZ,20Ac-ingenol),
ingenan tipi bir diterpenoid olup gastrointestinal sistem tizerinde sitotoksik etki gostermektedir.
Gao ve ark. (2015), rat bagirsak epitel hiicrelerinde bu bilesigin mitokondriyal yol {izerinden
apoptozu indiikledigini ortaya koymustur. Bu bulgularin, bitkisel kaynakli bazi biyoaktif
bilesiklerin bagirsak mikrobiyotas1 ve metabolit profili iizerinde etkili olabilecegini
bildirmislerdir.

METABOLIK HASTALIKLARDA SCFA
Diyabet

Erkek Zucker diyabetik Sprague-Dawley ratlarda yapilan bir ¢alismada diski SCFA analizi
degerlendirilmis ve diyabetik grupta saglikli ve prediyabetik gruplara oranla asetat ve
propiyonat diizeyinde artis oldugunu, biitiratin ise degismedigini bildirmislerdir. Prediyabetik
grupta izobiitirat diizeyinde belirgin artma, diyabet grubunda ise heksanoat diizeyinde diisiis
saptanmistir. Ayrica digki asetat ve propiyonat diizeylerinin aglik ve tokluk glukoz diizeyleri ile
pozitif korelasyon gosterdigi, buna karsilik aglik ve tokluk insulin dizeyleri ile adiposite
parametreleri arasinda negatif korelasyon bulundugu belirlenmistir (Weninger ve ark., 2023).

Luo ve ark. (2024) ¢alismasinda streptozotosin (STZ) ile diyabet modeli olusturduklar1 erkek
Sprague-Dawley ratlar1 yiliksek yagli diyet ile diisiik ve yiliksek glisemik indeksli diyet
gruplarina ayirarak digki SCFA diizeylerini incelemislerdir. Diisiik glisemik indeksli diyetle
beslenen ratlarin diskisinda valerat, asetat, propiyonat, izobiitirat, biitirat, 2-metilbdtirat,
izovalerat, 4-metilvalerat ve heksanoat diizeylerinin yiiksek yagl diyet grubuna kiyasla daha
yiiksek oldugu belirlenen ¢alismada tim diyabetik gruplarin metabolit profillerinin saglikli
kontrol grubundan belirgin sekilde farkli oldugu, buna karsilik saglikli metabolik profile en
yakin grubun diisiik glisemik indeksli diyet ile beslenen grup oldugu goriilmiistiir. Bu veriler,
diyabetin bagirsak SCFA profili lizerinde belirgin etkileri oldugunu ancak sonuglarin kullanilan
modele gore degiskenlik gosterdigini ortaya koymaktadir.

Shastri ve ark. (2015) disi ve erkek ratlarda oligofruktoz takviyesinin etkisini incelendigi
calismalarinda hem diski SCFA {iiretimi hem de sistemik immiin yanitlarin cinsiyete baglh
farklilik gosterdigi saptanmistir. Oligofruktoz ile beslenen grupta toplam yag asidi tiretimi 1,3
kat artmis olmasina karsin, diski SCFA miktarinda belirgin bir farklilik gézlenmemistir. Bu
durumu sekum hacminin anlamli diizeyde artmasi ve mikrobiyal aktivitenin yiikselmesine
baglayan arastirmacilar, oligofruktoz takviyesinin erkek ratlarda butirat ve kaproat tretimini
anlaml sekilde artirdigini gozlemislerdir.

Obezite

Diyabet tedavisinde klinik olarak etkili oldugu bilinen metformin ve berberinin bagirsak
mikrobiyotasin1 modiile ederek etki gosterdigi bilinmektedir. Zhang ve ark. (2015) metformin
ve berberinin ratlarda bagirsak mikrobiyotasinin genel yapisini birbirlerine benzer sekilde
degistirdigini, yiiksek yagli diyetin neden oldugu bagirsak mikrobiyotasindaki yapisal
degisiklikleri tersine ¢evirebilecegini bildirmislerdir. Bagirsak mikrobiyotasinin ¢esitliligi hem
berberin hem de metformin tedavisiyle 6nemli 6l¢lide azalmistir. SCFA iireten bakterilerin
berberin ve metformin kullaniminin da arttigini bildirmislerdir.

Bagirsak mikrobiyotasi ile merkezi sinir sistemi arasinda, kalori acisindan yogun diyetlere
maruziyetle tetiklenen bir pozitif geri bildirim dongiisii tanimlanmistir. Bu siiregte artan asetat
iretimi, ghrelin sekresyonunu artirarak hiperfajiyi, glikozla uyarilan insiilin salinimin
yiikselterek ise enerji fazlasinin yag olarak depolanmasini tesvik etmektedir. Kronik olarak
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enerji yogun diyetlere maruziyet, mikrobiyota—beyin—f hiicresi ekseni iizerinden obezite,
hiperlipidemi, non-alkolik yagli karaciger hastaligi ve insiilin direnci gelisimine katkida
bulunmaktadir. Perry ve ark. (2016), yiiksek yagli diyetle beslenen kemirgenlerde mikrobiyota
kaynakl1 artmis asetat {iretiminin parasempatik sinir sistemi aktivasyonunu artirdigini, bunun
da ghrelin salinim1 ve glikozla uyarilan insiilin sekresyonunu yiikselttigini gostermistir. Bu
mekanizma, hiperfaji, hipertrigliseridemi, karaciger ve iskelet kasinda ektopik lipid birikimi ile
hepatik ve kas instilin direnciyle sonug¢lanan bir pozitif geri bildirim dongiisii olusturmaktadir.

Wang ve ark. (2022) disi ratlarda yiiksek yagl diyet kaynakli obezite ve erken ergenlige girisin
diyetle SCFA alimiyla tersine gevrilebildigini bildirmislerdir. Ozellikle asetik, propiyonik ve
heksanoik asitte diisiis gozlenmistir. Biitirat seviyelerinde ise belirgin olmasa da diists
yasanmustir. Valerik asit, izobiitirik asit ve izovalerik asit seviyeleri ise artmistir. Biitiratin oral
olarak tiiketilmesinin istah1 azalttigl, obeziteye karsi koruyucu etkiye sahip oldugu ve yag
oksidasyonunu tesvik ederek yag kiitlesini azalttig1 deneysel ¢calismalarda gozlemlenmistir (Li
ve ark., 2018). Bagirsak mikrobiyotasi tarafindan tretilen SCFA’lar besin algilayan 6zgiil
reseptorleri aktive eder. Tokluk hissi olugturan hormonlar olan peptid YY (PYY) ve glukagon
benzeri peptid-1’in (GLP-1) bagirsaktan salinimini uyarir, sistemik inflamasyonu azaltir veya
beyne sinyal gondererek etki gosterir. SCFA’lar ayrica adipositleri hedef alarak lipolizi ve
leptin salimimimi artirir. Bu etki mekanizmalarinin es zamanli olarak isleyebildigi veya
birbiriyle baglantili olabilecegi bildirilmistir (da Silva ve ark., 2021).

Sulistyowati ve ark. (2022) Sprague-Dawley ratlarda yiiriittigii ¢alismada, yiiksek yag ve
yiiksek fruktoz igeren diyet ile karsilagtirildiginda azotlu yemle beslenen grupta sekum SCFA
konsantrasyonlarinin daha yiiksek oldugu bildirilmistir. Ayrica abdominal yaglanma ile SCFA
diizeyleri arasinda negatif bir iligki oldugu gosterilmistir.

Hipertansiyon

Bagirsak mikrobiyotasinca {iretilen SCFA’lar kan dolasimina emilirler ve konakci
proteinleriyle etkilesime girerek canlida cesitli etkiler gosterebilirler. Mikrobiyota kaynakli
SCFA’larin kan basicini diistirdiigii diistiniilmektedir ve bu konuda farkli modeller Uzerinden
arastirilmaktadir. Probiyotik takviyesi veya liften zengin besinlerin tiikketimi gibi beslenme
kaynakli degisimlerin plazmadaki SCFA’lar1 yiikselterek dolayli olarak kan basincinda
diistislere sebep oldugu bilinmektedir (Pluznick 2017). Bir ¢alismada yuksek tuzlu diyetle
beslenen ratlarda asetat, propiyonat ve izobiitirat seviyelerinin onemli Ol¢iide yiikseldigi,
biitiratta ise degisiklik gozlenmedigini bildirmislerdir (Bier ve ark., 2018). Bagirsaklarda
tiretilen SCFA’larin cesitli reseptorlerle iligkili olarak kan basincini diizenledigi baska
caligmalarda da bildirilmistir (Pluznick ve ark., 2013). Olfr78 bir SCFA reseptorii olarak
tamimlanmistir ve OIlfr78'in SCFA’lara yanit olarak kan basinci diizenlemesinde rol
oynayabilecegi diisiiniilmektedir. OIfr78 afferent arteriyole lokalizedir ve SCFA’larin Olfr78
aracili renin salgilanmasi yoluyla kan basinct diizenlemesinde rol oynadigi hipotezi
arastirilmaktadir (Pluznick 2013). SCFA’larin, histon asetilasyonundaki degisiklikler ve hiicre
cogalmasi da dahil olmak iizere ¢esitli mekanizmalar yoluyla konakg¢1 tizerinde etkilere aracilik
ettigi bilinmektedir. SCFA’larin, Gpr41, Gpr43, Gpr109a ve Olfr78 dahil olmak iizere bir dizi
konake¢1 GPCR'si i¢in ligand oldugu bilinmektedir (Pluznick ve ark., 2013).

Hipertansif ratlarda yapilan bir ¢aligmada asetat iireten bakterilerin 3 kat, biitirat lireten
bakterilerin 2 kat azaldigi; laktat iireten bakterilerin ise arttig1 bildirilmistir (Yang ve ark.,
2015). Obstriiktif uyku apnesi modeli olusturulan ratlarda oral antibiyotik ve yiiksek yagli diyet
uygulamasinin ratlarin kan basincimi artirdigr gosterilmistir. Biitirat {iretimiyle iligkili
bakterilerde azalma ve laktat iiretimiyle iligkili bakterilerde ise artis oldugu bildirilmistir
(Durgan ve ark., 2016). Baska hayvan deneylerinde de propiyonatin renin salinimini etkileyerek

August 18-19, 2026 / Sanlurfa, Tiirkiye 184



EL RUHA 15th INTERNATIONAL CONFERENCE ON SCIENTIFIC RESEARCH

karmasik bir yol {lizerinden kan basincinin diizenlenmesine katkida bulundugu kronik
hipertansif etki gosterebilecegi ifade edilmistir (Pluznick ve ark., 2013).

NOROLOJIK HASTALIKLARDA SCFA

Kisa zincirli yag asitleri kan-beyin bariyerinden gecebilirler. Hiicre yizeyindeki reseptorlere
ozellikle G proteinine bagl reseptorlere (G protein-coupled receptors, GPCR) baglanarak hiicre
ici sinyalleri degistirirler. Histon deasetilaz (HDAC) inhibisyonu yoluyla genlerin ¢alismasini
diizenleyen enzimleri baskilarlar. Sinir sistemi ile diger organlar arasindaki iletisimi bir diger
ifadeyle norohumoral yollar1 etkileyen SCFA’lar, bagisiklik sistemini diizenleyerek
ndéroinflamasyonu etkilerler (Mukhopadhya ve Louis 2025).

Bagirsak-beyin ekseni bagirsak mikrobiyomu ile beyin arasindaki iletisimi ifade eden ve cift
yonlii bir sinyal yoludur. Bu eksenin bilesenleri vagus siniri aktivitesi, triptofan metabolizmasi,
enterik sinir sistemi, bagisiklik sistemi ve bagirsak mikrobiyomu tarafindan tiretilen yan iirtinler
veya metabolitler gibi biyoaktif maddelerdir (O'Riordan ve ark., 2022). SCFA’larin
noroinflamasyon, kronik serebral hipoperfiizyon ve noroendokrin degisiklikler ile depresyonun
cesitli evrelerinde koruyucu etki gostererek noroprotektif etkili olduklari, 6zellikle depresyonun
norobiyolojik mekanizmalarinda hayati rol oynadiklar1 goriilmiistiir. Enteroendokrin,
bagisiklik ve sinir hiicrelerinde yaygin olarak bulunan serbest yag asidi reseptorleri 2 ve 3
(FFAR2/3) ile ligand olusturan ve bagirsak-beyin ekseninde temel aracilar olarak hareket eden
SCFA’larn, sistemik dolasimda kan-beyin bariyerini gegerek bagirsak-beyin etkilesiminde
onemli etkiler gosterdigi bildirilmektedir. Endotel hiicrelerinde monokarboksilat tastyicilarinin
yuksek duzeyde ifade edilmesi bu molekillerin kan-beyin bariyerinden gecisini
kolaylastirmaktadir (Cheng ve ark., 2024).

Su ve ark. (2022) kronik serebral hipoperfiizyon kaynakli kolon disfonksiyonu olusturduklari
ratlara diski1 mikrobiyotas1 nakli ve oral SCFA takviyesi uygulamislar ve uygulama sonunda
digkt Orneklerinde asetik asit ve propiyonik asit diizeylerinin onemli dl¢lide yiikseldigini
bildirmislerdir. Huang ve ark. (2023) da depresyon modeli olusturduklar ratlara antidepresan
etkili bir madde olan berberinin etkisini inceledikleri c¢alismalarinda, depresyon modeli
olusturulan grubun diski 6rneklerindeki asetik ve propiyonik asit seviyelerinin arttigini, biitirik,
izovalerik ve heksanoik asit diizeylerinin ise azaldigini bildirmislerdir. Depresyonlu gruba
berberin tedavisinin ise asetik ve propiyonik asit seviyesini azaltarak ve izovalerik asit
konsantrasyonunu artirarak etki gosterdigi bildirilmistir.

Noropsikiyatrik bozukluklarda, 6zellikle depresyonda, kronik stresin hayvan modellerinde
asetat, propiyonat ve valerat gibi SCFA seviyelerinde belirgin bir azalmaya yol agtigini
gostermistir (Zhu ve ark., 2025). Kronik stres modeli olusturulmus ratlarda yapilan bir
calismada oral SCFA takviyesinin depresyon benzeri davranislarda ve mikrobiyotada iyilesme
goriildigi bildirilmistir (Li ve ark., 2025).

BAGIRSAK SAGLIGI iLE SCFA ILiSKiSi

Diyet lifleri genel olarak ¢6ziiniir ve ¢ozlinmez olmak iizere iki ana gruba ayrilir. Coziiniir lifler
kan kolesterolii ve glukoz diizeylerinin disiiriilmesine katki saglarken, ¢oziinmez lifler
gastrointestinal gecisi hizlandirarak diski hacmini artirir ve kabizligin énlenmesine yardimci
olur. Liften zengin beslenme; bagirsak motilitesinin diizenlenmesi, bagirsak sagliginin
korunmasi, serum kolesterol diizeylerinin azaltilmasi, glisemik kontroliin saglanmasi ve saglikli
viicut agirhigimin stirdiiriilmesi gibi ¢ok yonlii yararlar sunar. Bagirsak mikrobiyotasi, diyet
lifleri ve direncli nisastadan tiireyen polisakkaritleri fermente ederek SCFA’larin baslica
treticisi  olarak iglev goriir. SCFA dretim diizeyi, yasam boyunca mikrobiyota
kompozisyonundaki degisimlere bagli olarak farklilik gosterir. Buna karsilik, yiliksek yag ve
seker icerigine sahip diyetler, mikrobiyota kompozisyonunu ve metabolik dengeyi bozarak
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bagirsak bariyer biitlinliigiinii zayiflatmakta, immiin yanit1 degistirmekte ve kolorektal kanser
gelisimini destekleyebilmektedir (Thulasinathan ve ark., 2025). Diyet liflerinin kolorektal
karsinoma kars1 koruyucu etkilerinin altinda yatan mekanizmalar tam olarak aydinlatilmamis
olmakla birlikte, cesitli olasi aciklamalar ileri siiriilmiistiir. Bu mekanizmalardan ilki,
coziinmeyen liflerin bagirsak gecis siiresini hizlandirarak kolon epitelinin potansiyel kanserojen
bilesiklere maruz kalma siiresini azaltmasidir. ikinci mekanizma ise, bagirsak mikrobiyotasi
tarafindan fermente edilebilen ¢oziintir liflerin, 6zellikle SCFA’lar gibi kolon sagligini
destekleyen ve antikanserojen Ozellik gosterebilen metabolitlerin {iretimini artirmasidir
(Sebastian ve Mostoslavsky 2014).

Bakteri bulundurmayan (germ-free) hayvanlarda gastrointestinal sistem agirliginin ve mukozal
tabaka kalinliginin belirgin sekilde azaldigi, bakteriyel asir1 cogalma durumlarinda ise lipid ve
karbonhidrat emiliminde degisiklikler meydana gelebildigi gozlenmistir (Berthram 2002).
Mikrobiyal durumu tamamen kontrol altinda tutulan gnotobiyotik fare modelinde yapilan bir
calismada diyet lifinin kolorektal kanser gelisimine karsi koruyucu etkisi oldugunu
desteklemektedir. Bu etkinin yalnizca kolonik gegis siiresinin artmasina bagli olmadigini, esas
olarak lifin mikrobiyal fermantasyonu yoluyla ortaya c¢iktigini gostermektedir. Bu sliregte
olusan biitirat, normal kolonositler i¢in temel enerji kaynagi olarak homeostazi desteklerken,
kanser hucrelerinde Warburg etkisi nedeniyle birikmekte ve histon deasetilaz inhibisyonu
yoluyla hiicre proliferasyonunu baskilayip apoptozu indiiklemektedir. Bunun yani sira biitiratin
timor baskilayict etkileri yalnizca HDAC inhibisyonu ile sinirli degildir. Biitirat ve lif, belirli
bakteriyel gruplar tarafindan metabolize edilerek mikrobiyota kompozisyonunu ve konak
metabolizmasi etkileyebilmektedir. Ayrica biitirat, G proteinine bagli reseptorler (GPR’ler)
icin bir ligand olarak iglev goriir ve antiinflamatuvar etkiler gosterir. Bu kapsamda, immn
yanitin diizenlenmesinde rol oynayarak diizenleyici T (Treg) hiicrelerinin farklilasmasini ve
cogalmasini tesvik eder (Donohoe ve ark., 2014). SCFA’larin kolon inflamasyonunda koruyucu
bir rol ustlendigi diigiiniilmektedir. Kolon kanserinde SCFA reseptorleri GPR109A ve
GPRA43"in ekspresyonunun belirgin sekilde azalmasi SCFA sinyallemesinin koruyucu roliinii
desteklemektedir (Koh ve ark., 2016). SCFA’lar, bagirsak pH homeostazinin korunmasinda,
hormon salgilanmasinin tesvik edilmesinde, redoks dengesinin diizenlenmesinde ve epigenetik
modifikasyonlara katilarak bagirsakta ¢esitli fizyolojik etkiler gostermektedirler (Zhu ve ark.,
2025).

Tian ve ark. (2023) Hirschsprung (bagirsak felci) hastaligina patolojik ve semptomatik olarak
yakin bir model olan hipoganglionoz modelini benzalkonyum klorir kullanarak ratlarda
olusturmuslardir. Analizleri sonucunda hipoganglionoz modelinde, cogunlugu SCFA fiirettigi
bilinen bakteri cinslerinin azaldigini, asetik, propiyonik ve biitirik asit diizeylerinin diistiigiinii,
heksanoik asit diizeylerinin ise yiikseldigini belirlemislerdir. Ayrica modelde disk1 mikrobiyota
transplantasyonu uygulanan ratlarin bagirsak mikrobiyotasinin yenilendigini, SCFA iireten
bakterilerin bollugunun diski mikrobiyota transplantasyonundan sonra kontrol grubunun
seviyelerine yakin, hatta daha yiliksek oldugunu ve diski mikrobiyota transplantasyonunun
biitirat  dretimini  6nemli  Olgiide  artirdigin1  bildirmislerdir. Digski  mikrobiyota
transplantasyonunun hipoganglionozlu ratlarin bagirsak Oziitiinde ve serumunda bir
proinflamatuvar sitokin olan IL-17 seviyesinde azalmaya neden oldugu belirlenen ¢alismada,
bltirat seviyesinin gastrointestinal sistemdeki IL-17 seviyesiyle negatif korelasyon gosterdigi
ifade edilmistir.

Wu ve ark. (2023) etanol kaynakli bagirsak disbiyozu olusturduklari ratlarda valerat, izovalerat,
propiyonik, butirik ve izobiitirik asidin azaldigini, meyan koki flavonoidinin tedavi olarak
uygulandigi grupta ise biitirik, propiyonik ve valerik asidin 6nemli Olglide arttigin
bildirmislerdir. Asetik asit ise sadece etanol uygulanan grupta yilikselmisken, meyan koki
flavonoidi uygulanan grupta ise 6nemli miktarda diismiis, kaproik asit diizeyi kontrol grubuna
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gore etanol kaynakli bagirsak disbiyozu grubunda degismezken, meyan kokii flavonoidi
uygulanan grupta artmustir.

Farkh Lif Kaynaklar1 Kullaniminin Etkileri

Celik ve ark. (2025), ¢ig findik, kavrulmus findik ve findik zar1 liflerinin farelerde mikrobiyota
kompozisyonu ile mikrobiyal metabolitleri kolon segmenti ve cinsiyete bagli olarak modiile
ettigini bildirmistir. Calismada, findik zar1 liflerinin daha yavas fermente olmasi nedeniyle
distal kolonda karbonhidrat fermantasyonunu siirdiirebilecegi belirtilmistir. Ayrica kavrulmus
findik liflerinin disi farelerin sekumunda toplam SCFA, biitirat ve propiyonat diizeylerini
artirdigl, bunun ise 1sil islem uygulanmig liflerin daha hizli fermente olabilmesiyle iligkili
olabilecegi ifade edilmistir. Benzer sekilde Dastan ve ark. (2023) farelere diyetle ¢ig findik,
kavrulmus findik ve findik kabugu verdikleri ¢alismalarinda, diski analizleri sonucunda bu
diyetlerin kolon mikrobiyota kompozisyonu ve mikrobiyal metabolitleri farkli sekillerde
modiile ettigi ve bu etkinin cinsiyete bagli degisiklik gosterdigi bildirilmistir. Tiim deney
gruplarinda erkek farelerin asetat konsantrasyonunun arttigi, disi farelerde ise asetat
diizeylerinin genel olarak degismemekle birlikte 4. haftada ¢ig findik grubunda artis gosterdigi
belirlenmistir. Ayrica ¢ig findik grubunun en diisiik propiyonat diizeyine sahip oldugu, ¢ig
findik ve findik kabugu gruplarinda ise kontrol grubuna goére daha yliksek biitirat
konsantrasyonlarinin saptandigi ifade edilmistir. Aoe ve ark. (2019), yiiksek lif ve prebiyotik
iceren bir tahil olan BARLEYmax (BM) ve yiiksek B-glukanli arpa (BG) ile beslenen ratlarin
sekum iceriklerinde asetat, n-bitirat ve toplam SCFA konsantrasyonlarmin kontrol grubuna
kiyasla anlamli diizeyde arttig1 bildirilmistir. Ozellikle BM grubunda distal kolon igeriginde
asetat ve toplam SCFA diizeylerinin kontrol grubundan daha ytiksek bulunmasi, ¢oklu fermente
olabilir lif bilesenleri iceren diyetlerin yalnizca sekumda degil distal kolona kadar devam eden
fermentatif aktiviteyi destekleyebilecegini bildirmislerdir. Buna karsilik, proksimal kolonda
gruplar arasinda anlamli fark saptanmamasi, SCFA {iretiminin bagirsak segmentlerine gore
degiskenlik gosterebildigini ortaya koymuslardir. Bulgulari sonucunda ise B-glukan, fruktan ve
direngli nisasta gibi farkli lif bilesenlerinin kombinasyon halinde kullanilmasinin bagirsak
mikrobiyotasi aktivitesini ve SCFA iiretimini artirmada tek tip lif kaynaklarina gére daha etkili
olabilecegini bildirmislerdir.

SONUGC

Kisa zincirli yag asitleri bagirsak mikrobiyotasi ile konak metabolizmasi arasindaki etkilesimde
merkezi rol oynayan mikrobiyal metabolitlerdir. Ratlarda sekum ve diskida 6lgiilen SCFA
diizeyleri; diyet kompozisyonu, lif kaynagi, polifenol igerigi, yas, cinsiyet ve hastalik
durumlarina bagli olarak énemli farkliliklar gdstermektedir. Ozellikle fermente edilebilir lifler
ve polifenolden zengin diyetlerin asetat, propiyonat ve biitirat {iretimini artirarak bagirsak
mikrobiyotasini yararl bakteriler lehine modiile ettigi bildirilmektedir. Bunun yaninda SCFA
iretiminin yalnizca tiiketilen substratin yapisina degil, ayn1 zamanda bagirsak segmentine ve
mikrobiyal kompozisyona da bagli oldugu goriilmektedir. SCFA’lar etkilerini biiyiik dl¢iide G
proteinine baglh reseptorler (GPR41, GPR43 ve GPR109A) uzerinden gOstermekte, enerji
homeostazi, inflamasyon, bagirsak bariyer biitiinliigii ve immiin yanitin diizenlenmesinde gorev
almaktadir. Deneysel caligmalar, SCFA diizeylerindeki degisimlerin diyabet, obezite,
hipertansiyon ve norolojik hastaliklarin  patogenezinde o6nemli rol oynayabilecegini
gostermektedir. Ozellikle biitiratin antiinflamatuvar etkileri, bagirsak epitel biitiinliigiinii
desteklemesi ve bagirsak-beyin ekseni tGzerindeki duzenleyici roli nedeniyle dikkat cekicidir.
Mikrobiyota kompozisyonunda meydana gelen yasa bagli degisimlerin SCFA {iretimini
etkileyebilmesi, SCFA’larin metabolik ile noroinflamatuvar siireclerle iliskili olabilecegini
ortaya koymaktadir.
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Farkli lif kaynaklarimin fermantasyon 6zelliklerinde gézlenen degiskenlikler, SCFA {iretiminin
kolon boyunca bolgesel farkliliklar olusturmasina neden olmaktadir. Daha hizli fermente olan
liflerin proksimal kolonda SCFA iiretimini artirmasi, yavas fermente olan liflerin ise distal
kolonda sakkarolitik aktiviteyi siirdiirebilmesi 6zellikle kolon sagliginin korunmasi agisindan
Onem tasimaktadir.

Genel olarak degerlendirildiginde, SCFA {iretimini destekleyen diyet bilesenlerinin bagirsak
mikrobiyotasini olumlu yonde modiile ederek metabolik, inflamatuvar ve norolojik siiregler
iizerinde koruyucu etkiler gosterebilecegi diisiiniilmektedir. Ancak SCFA’larin fizyolojik
etkilerinin daha iyi anlasilabilmesi i¢in farkli yas gruplari, hastalik modelleri, diyet bilesenleri
ve bagirsak segmentlerini birlikte degerlendiren ileri deneysel ve klinik calismalara ihtiyag
bulunmaktadir.
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ABSTRACT

Removal of dyes from wastewater is one of the most important aspect know a days due to the
increase in pollution gradually. In this research work, anionic dyes such as Eosin Yellow (EY)
and Metanil Yellow (MY) were investigated for removal from aqueous solution. Effective
removal of EY and MY were achieved through simple and rapid column elution approach using
Dowex-1 anion exchange resin. The resin was characterized by visible and Fourier Transformer
Infrared (FT-IR) spectra to ensure removal. Optimal experimental conditions such as effect of
resin load, dye initial concentration corresponding to resin load, flow rate, pH, temperature and
contact time were determined. The maximum sorption i.e 99% was achieved by using 0.5 g of
resin for 200 pug/ml at 0.5 ml/min flow rate at room temperature for EY and MY. Dye exchange
capacity, pHzc and reusability of resin were also found. Thermodynamic study reveals that the
ion-exchange process was spontaneous exothermic and non-spontaneous endothermic way for
EY and MY, respectively. The sorption isotherm concluded obeyance of Thomas, Adams-
Bohart and Yoon-Nelson models. Effective removal of EY and MY using Dowex-1 exhibited
that the proposed approach is an effective means to invade process of wastewater treatment.

Keywords: Eosin Yellow (EY), Metanil Yellow (MY), Dowex-1 resin, lon-Exchange, Column
elution.
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ABSTRACT

Objective: This study aimed to evaluate the effects of a conservative physical therapy program
on pain intensity, functionality, and sleep quality in patients diagnosed with lumbar disc
herniation.

Methods: The study included 29 patients with lumbar disc herniation (21 women and 8 men;
mean age: 60.48+11.37 years) who underwent a conservative physical therapy program at the
Physical Therapy and Rehabilitation Clinic of Bagkent University Adana Dr. Turgut Noyan
Application and Research Center. The patients received 10 sessions of conservative treatment
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consisting of hot pack application, TENS or interferential current therapy, therapeutic
ultrasound, and a home exercise program. Pain intensity was assessed using the Visual Analog
Scale (VAS), functionality using the Oswestry Low Back Pain Questionnaire, and sleep quality
using the Pittsburgh Sleep Quality Index (PSQI) before and after treatment. Data were analyzed
using appropriate statistical methods, and the level of statistical significance was set at p<0.05.

Results: Following treatment, daytime pain significantly decreased from 7.31+1.93 to
5.31£1.73 (p<0.001), and nighttime pain significantly decreased from 5.41+3.29 to 3.31+2.48
(p<0.001). A significant improvement in PSQI scores was observed after treatment (from
2.51+0.73 to 1.96+0.73; p<0.001). Similarly, Oswestry Low Back Pain Questionnaire scores
significantly decreased from 2.17+0.65 to 1.79+0.77 (p=0.012). Subgroup analyses indicated
that female patients had higher baseline levels of pain and sleep disturbance, whereas obese
individuals demonstrated a more limited response to treatment, particularly in terms of daytime
pain and functionality.

Conclusion: Conservative physical therapy interventions were effective in reducing pain,
improving functionality, and enhancing sleep quality in patients with lumbar disc herniation. In
addition, sex and body mass index appeared to influence treatment outcomes, suggesting that
planning rehabilitation programs according to individual characteristics may improve clinical
success.

Keywords: Lumbar disc herniation, conservative physical therapy, pain, functionality, sleep
quality.
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ABSTRACT

Objective: This study aimed to compare chronic musculoskeletal pain levels in the neck,
thoracic region, and shoulder girdle between sedentary individuals and individuals who
exercise regularly and to evaluate the relationship between pain and quality of life.

Methods: A total of 52 individuals aged 18-50 years were included in the study. Of the
participants, 28 had a sedentary lifestyle, while 24 had been engaging in regular physical
activity for at least six months. After recording demographic characteristics, pain in the neck,
thoracic region, and shoulder girdle was assessed using the Visual Analog Scale (VAS), and
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quality of life was evaluated using the World Health Organization Quality of Life-BREF
(WHOQOL-BREF). Data were analyzed using appropriate parametric and nonparametric tests,
as well as correlation and regression analyses. The level of statistical significance was set at
p<0.05.

Results: The body mass index of the sedentary group was significantly higher than that of the
physically active group (p=0.042). Neck pain was reported in 85.7% of the sedentary group and
66.7% of the physically active group, while shoulder pain was reported in 78.6% and 70.8%,
respectively. The prevalence of neck and shoulder pain was higher among women than men
(p=0.031). Low and moderate levels of quality of life were more common among sedentary
individuals, whereas good and very good quality-of-life levels were more prevalent among
regular exercisers. Male participants had higher quality-of-life levels than female participants
(p=0.018). A significant negative correlation was found between pain intensity and quality of
life (r=-0.357; p=0.009). In addition, higher body mass index was positively correlated with
pain intensity (r=0.389; p=0.004).

Conclusion: A sedentary lifestyle was associated with chronic musculoskeletal pain and lower
quality of life, whereas regular physical activity was associated with reduced pain levels and
better quality of life. The findings suggest that expanding preventive exercise programs,
particularly for women and individuals with a high body mass index, may contribute to
preserving musculoskeletal health and improving quality of life.

Keywords: Sedentary lifestyle, physical activity, chronic musculoskeletal pain, quality of life,
WHOQOL-BREF.
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ABSTRACT

The global built environment faces increasing pressure to adopt renewable energy solutions that
overcome the intermittency of conventional systems such as photovoltaics. Photovoltaic (PV)
canopies, while effective for solar electricity generation and shading in outdoor spaces, are
limited by diurnal and seasonal irradiance constraints. This study explores the integration of
algal bioelectric systems with PV canopy structures as a hybrid renewable energy approach for
built environments. The objective was to evaluate the bioelectric potential of three algal species
specifically Alkalinema sp., Phormidium sp., and Chlorella vulgaris using carbon and nickel
electrodes, and to discuss the feasibility of incorporating such bio-electrochemical units within
PV canopy installations. Algal cultures were maintained in BG11 medium for four weeks, after
which centrifuged biomass served as the positive electrolyte and fresh BG11 medium as the
negative control. Half-cells were assembled with carbon and nickel electrodes and connected
to a Battery Testing System for continuous 24-hour voltage recording. Results indicated that
Chlorella vulgaris generated the highest voltage with carbon electrodes (200 mV), followed by
Alkalinema sp. (100 mV) and Phormidium sp. (50 mV). With nickel electrodes, cyanobacterial
species outperformed Chlorella vulgaris, producing 125 mV (Alkalinema sp.) and 80 mV
(Phormidium sp.) compared to only 10 mV. Carbon-based cells demonstrated relatively stable
voltage over 24 hours, suggesting suitability for continuous low-power applications. These
findings support the feasibility of algal bioelectric units as complementary energy sources
within PV canopy structures, providing trickle-charge capacity during overcast conditions or
nighttime. From a landscape architecture perspective, algal cultivation modules can be
integrated into structural columns, planters, or water systems of canopies, combining renewable
energy generation with carbon sequestration and aesthetic benefits, particularly in tropical
climates.

Keywords: Photovoltaic canopy; bioelectric; algae; built environment; renewable energy
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ABSTRACT

Objective: Childhood poisoning is a common yet preventable cause of emergency medical care
and demonstrates marked age-related differences in both the type of exposure and intent
(accidental versus intentional self-poisoning). This study aimed to describe the demographic
characteristics, exposure patterns, clinical presentation, and prehospital transport characteristics
of pediatric poisoning cases transported by the 112 Emergency Medical Services (EMS).

Materials and Methods: This retrospective descriptive study included 40 pediatric patients
aged 0-18 years with acute poisoning who were transported to a hospital by the 112 EMS.
Continuous variables were summarized as mean + standard deviation or median (interquartile
range, IQR), while categorical variables were presented as frequencies and percentages. Key
proportions were reported with Wilson 95% confidence intervals (95% CI).

Results: The mean age was 10.9 £ 6.1 years, with a bimodal age distribution: 30.0% of patients
were aged 0-5 years and 55.0% were adolescents (13—-18 years). Males accounted for 65.0% of
the cohort, 90.0% of cases originated from urban areas, and 82.5% occurred during the spring
season. Oral exposure was the most common route (57.5%). Poisoning was accidental in 65.0%
of cases, whereas 35.0% (95% CI, 22.1-50.5) resulted from intentional self-poisoning, and
30.0% of patients had a documented psychiatric history. The most common toxic agents were
household or industrial chemicals (35.0%) and alcohol or illicit substances (30.0%). At triage,
22.5% of patients were classified as red triage. Tachycardia was observed in 57.5% of patients,
hypoxemia in 20.0%, and hypotension in 17.5%. No patient required endotracheal intubation
or cardiopulmonary resuscitation, and there were no deaths. All patients (100%) were
successfully transported to the hospital. The median total prehospital time was 32 minutes.

Conclusion: Pediatric poisoning cases transported by the 112 EMS demonstrated a bimodal
age distribution and were generally delivered to the hospital in stable condition. The relatively
high frequency of intentional self-poisoning and accompanying psychiatric history among
adolescents highlights the importance of comprehensive mental health assessment and follow-
up as part of post-transport care.

Keywords: poisoning, pediatric emergency, prehospital care, emergency medical services
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OZET

Amagc: Cocukluk ¢agi1 zehirlenmeleri, 6nlenebilir olmalarina karsin acil saglik bagvurularinin
onemli bir bolimiinii olusturur ve hem maruziyet tipi hem de niyet (kazara/6zkiyim)
bakimindan yasa gore belirgin farkliliklar gosterir. Bu ¢alisma, 112 Acil Saglik Hizmetleri
(ASH) tarafindan transfer edilen pediatrik toksikasyon olgularinin demografik 6zelliklerini,
maruziyet tiplerini, klinik bagvuru bulgularin1 ve transfer siireglerini betimlemeyi
hedeflemektedir.

Gere¢ ve Yontem: Retrospektif ve tanimlayic1 desende yiiriitiilen ¢alismaya, 112 ASH
tarafindan bir hastaneye transfer edilen 0—18 yas aras1 40 akut toksikasyon olgusu alindi.
Stirekli degiskenler ortalamatstandart sapma ya da medyan (¢eyrekler arasi aralik, CAA),
kategorik degiskenler say1 ve yiizde olarak 6zetlendi; baslica oranlar Wilson skor yontemiyle
hesaplanan %95 giiven araliklariyla (GA) birlikte verildi.

Bulgular: Olgularin yas ortalamast 10,9+6,1 yil olup yas dagilimi iki ugta yogunlagmistir:
%30,0'u 0-5 yas, %55,0'1 13—18 yas grubundaydi. Olgularin %65,0' erkek, %90,0'1 kentsel
kaynakli ve %82,5'1 ilkbahara aitti. Maruziyet en sik oral yolla (%57,5) gerceklesmis; %65,0
kazara, %35,0 (%95 GA 22,1-50,5) 6zkiyim amagliydi ve olgularin %30,0'unda psikiyatrik
hastalik Oykiisii vardi. En sik toksik etkenler kimyasal maddeler (%35,0) ve alkol/madde
(%30,0) idi. Triyajda olgularin %22,5'i kirmiz1 kategorideydi; tasikardi %57,5, hipoksi %20,0,
hipotansiyon %17,5 oraninda goriildi. Higbir olguda entlibasyon, kardiyopulmoner
resiisitasyon ya da eksitus gelismedi ve tiim olgular (%100) hastaneye teslim edildi. Medyan
toplam prehospital siire 32 dakikaydi.

Sonug: 112 ASH ile transfer edilen pediatrik toksikasyon olgulari, yasa gore iki ugta toplanan
ve biiylik boliimii hastaneye stabil teslim edilen bir tablo sunmaktadir. Ergenlerde 6zkiyim
amacli maruziyetin ve eslik eden psikiyatrik dykiiniin belirginligi, bu yas grubunda ruhsal
degerlendirmenin transfer sonras1 bakimdaki yerini 6ne ¢ikarmaktadir.

Anahtar Kelimeler: zehirlenme, pediatrik acil, hastane dncesi bakim, 112 acil saglik hizmetleri

GIRIS

Akut zehirlenmeler, ¢ocukluk ¢aginda acil servis bagvurularinin ve onlenebilir morbiditenin
onde gelen nedenlerinden biri olup, hem gelismis hem de gelismekte olan iilkelerde ¢ocuk
sagligl acisindan siiregelen bir sorun olusturmaktadir. Klinik acidan tek bir hastalik gibi
goriinseler de, pediatrik zehirlenmeler belirgin bigimde heterojendir; sorumlu etkenler, bagvuru
tablosu ve altta yatan niyet yasa ve sosyokiiltiirel baglama gore degiskenlik gosterir [1]. Bu
heterojenligin en bilinen yansimasi, yasa bagh cift tepeli (bimodal) dagilimdir: siit ¢cocuklugu
ve okul Oncesi donemde maruziyet agirlikli olarak merak, artan hareketlilik ve denetimsiz
cevreye bagli kazara alimlardan kaynaklanirken, ergenlik déneminde ¢ogu kez ruhsal bir
zemine oturan Ozkiyim amacgli maruziyetler 6n plana gecer [2]. Bu ikili yap1 yalnizca
epidemiyolojik bir ayrinti degil; koruyucu stratejilerin, klinik yaklagimin ve transfer sonrasi
izlemin yasa gore farklilagsmasini gerektiren islevsel bir ayrimdir. Sorumlu ajanlar da sabit
degildir; ilaglar, korozif ve kimyasal maddeler, karbonmonoksit ile alkol/madde (lkeye,
bolgeye ve doneme gore degisen oranlarda karsimiza cikar ve bu degiskenlik, her bélgenin
kendi epidemiyolojik verisini glincel tutmasini gerekli kilar [1].

S6z konusu olgularin 6énemli bir boliimii saglik sistemiyle ilk temasin1 112 Acil Saghk
Hizmetleri (ASH) araciligiyla kurar; dolayisiyla maruziyet tipinin, niyetin ve klinik agirligin
daha saha asamasinda taninmasi, olgunun uygun donanima sahip merkeze zamaninda
yonlendirilmesinde belirleyici rol oynar. Buna karsilik hastane oncesi pediatrik literatiir
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agirlikli olarak travma ve ndrolojik tablolara odaklanmis, zehirlenme gibi medikal olgular
gorece sinirli bicimde incelenmistir [3]. Ozellikle 112 ASH tarafindan primer transfer edilen
pediatrik toksikasyon olgularimin demografik, klinik ve operasyonel ozelliklerini butuncil
olarak ele alan veriler olduk¢a azdir. Bu ¢alisma; bu olgularin kim oldugunu, neye hangi yolla
ve hangi niyetle maruz kaldigini, hangi klinik agirlikla bagvurdugunu ve nasil bir transfer siireci
izledigini betimlemeyi amaclamaktadir.

GEREC VE YONTEM

Calisma retrospektif ve tanimlayici desende planlandi. 112 ASH tarafindan bir hastaneye
transfer edilen, 0—18 yas aras1 akut toksikasyon on tanili 40 olgu ¢alismaya alindi. Olgulara ait
demografik bilgiler; olay zamani ve yeri; toksikasyon tipi, maruziyet yolu ve sekli
(kazara/6zkiyim); eslik eden yakinmalar; biling ve genel durum; vital parametreler ile yiiksek
aciliyet gostergeleri (tagikardi, hipotansiyon, hipoksi, solunum sikintis1); triyaj kategorisi; ekip
tipi; prehospital streler ile transfer edilen kurum ve transfer sonucu kayit altina alindi.. Veriler
IBM SPSS Statistics 26.0 (IBM Corp., Armonk, NY, ABD) ile ¢oziimlendi. Stirekli degiskenler
ortalamatstandart sapma ya da medyan (CAA), kategorik degiskenler say1 ve ylizde olarak
Ozetlendi; baslica oranlar Wilson skor yontemiyle hesaplanan %95 giiven araliklartyla (GA)
birlikte sunuldu. Arastirma sorusu tanimlayici nitelikte oldugundan ¢éztiimlemeler betimleyici
diizeyde tutuldu ve ¢ikarimsal testlere bagvurulmadi.

BULGULAR
Kirk olgunun tanimlayici 6zellikleri Tablo 1'de topluca verilmistir.

Tablo 1. Pediatrik toksikasyon olgularinin tanimlayici 6zellikleri (n=40)

Degisken Deger (n=40)
Demografik 6zellikler

Yas, yil (ort.+SS) 109+6,1
Yas grubu — 0-5 yas, n (%) 12 (30,0)

Yas grubu — 6-12 yas, n (%) 6 (15,0)

Yas grubu — 13-18 yas, n (%) 22 (55,0)
Cinsiyet — erkek, n (%) 26 (65,0)
Kentsel bolge, n (%) 36 (90,0)
Mevsim — ilkbahar, n (%) 33(82,5)
Olay ve maruziyet ozellikleri

Olay yeri — ev, n (%) 19 (47,5)
Toksikasyon tipi — kimyasal madde, n (%) 14 (35,0)
Toksikasyon tipi — alkol/madde, n (%) 12 (30,0)
Toksikasyon tipi — ilag, n (%) 6 (15,0)
Toksikasyon tipi — karbonmonoksit, n (%) 6 (15,0)
Maruziyet yolu — oral, n (%) 23 (57,5)
Maruziyet sekli — kazara / 6zkiyim, n (%) 26 (65,0) / 14 (35,0)
Psikiyatrik hastalik 6ykiisti — var, n (%) 12 (30,0)
Klinik bulgular

En sik eslik eden yakinma — kusma, n (%) 9 (22,5)

Biling — ag1k / konfiize / uykuya meyilli, n (%)
Genel durum — iyi / orta / kotii, n (%)
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Degisken Deger (n=40)
Yuksek aciliyet gostergeleri

Triyaj — yesil / sar1 / kirmizi, n (%) 8(20,0) / 23 (57,5) / 9 (22,5)
Tasgikardi — var, n (%) 23 (57,5)
Hipoksi — var, n (%) 8 (20,0)
Hipotansiyon — var, n (%) 7(17,5)
Solunum sikintis1 — var, n (%) 8 (20,0)
Entlibasyon / KPR — var, n (%) 0 (0)

Vital bulgular

Nabiz, /dk (ort.£SS) 101,9+175
SpO:, % (ort.£SS) 94,7+4,6
Transfer surecleri

Ekip tipi — ATT/paramedik, n (%) 34 (85,0)

Olay yerine ulasim, dk (medyan; CAA) 9,0 (7,8-13,0)
Toplam prehospital sire, dk (medyan; CAA) 32,0 (27,0-48,0)
Transfer kurumu — EAH, n (%) 18 (45,0)
Hastaneye teslim, n (%) 40 (100)

CAA: ceyrekler arast aralik; EAH: egitim ve arastirma hastanesi; KPR: kardiyopulmoner
resusitasyon; SS: standart sapma.

Yas dagilimi, zehirlenmelerin ikili dogasini sayisal olarak yansitacak bi¢cimde iki ugta toplandi:
olgularin %30,0'u (%95 GA 18,1-45,4) 0-5 yas, %55,0'1 (%95 GA 39,8-69,3) 13-18 yas
grubundaydi ve 6—12 yas aralig1 yalnizca %15,0 ile temsil ediliyordu (ortalama yas 10,9+6,1
yil; medyan 14). Olgularin {igte ikisi erkek (%65,0; %95 GA 49,5-77,9), neredeyse tamami
kentsel kaynakli (%90,0) ve biiyiik cogunlugu ilkbahar bagvurusuydu (%82,5).

Maruziyet en sik oral yolla gerceklesti (%57,5). Niyet agisindan olgularin %65,0'1 kazara,
%35,0' (%95 GA 22,1-50,5) 6zkiyim amagliydi; bu ikinci grupla uyumlu olarak psikiyatrik
hastalik Oykiisii olgularin %30,0'unda kayitliydi. Sorumlu etkenlerin basinda kimyasal
maddeler (%35,0) ve alkol/madde (%30,0) yer aldi; bunlar1 esit oranlarla ilag ve
karbonmonoksit (her biri %15,0) izledi. Olay yeri cogunlukla evdi (%47,5).

Klinik tablo biiyiik 6l¢iide korunmustu: olgularin %72,5'inde biling agikt1 ve %57,5'inde genel
durum iyi olarak degerlendirildi; en sik eslik eden yakinma kusmaydi (9%22,5). Buna karsin
ciddi seyirli bir alt grup dikkat ¢ekiyordu — olgularin %22,5'1 (%95 GA 12,3-37,5) kirmizi
triyaj kategorisindeydi ve yliksek Oncelikli (kirmizi/sar1) oran %80,0'e ulastyordu. Yiiksek
aciliyet gostergelerinden tasikardi %57,5, hipoksi ve solunum sikintis1 %20,0, hipotansiyon ise
%17,5 sikligindaydi (ortalama nabiz 101,9+17,5/dk; SpO: %94,7+4,6). Yine de hi¢bir olguda
entiibasyon, kardiyopulmoner resiisitasyon ya da eksitus gelismedi.

Transfer stirecleri hizli isledi: medyan olay yerine ulagim siiresi 9,0 dakika, medyan toplam
prehospital siire 32,0 dakikaydi (CAA 27,0-48,0). Olgular agirlikli olarak ATT/paramedik
ekiplerce (%85,0) tasindi, en sik egitim ve arastirma hastanesine (%45,0) yonlendirildi ve
tamami (%100; %95 GA 91,2-100) hastaneye teslim edildi.

TARTISMA

Pediatrik toksikasyonun yasa gore iki tepe yaptigi bilgisi serimizde de agik bigimde
gozlenmistir: kiigiik cocuklardaki kazara alimlar ile ergenlerdeki 6zkiyim amagli maruziyetler
bir arada bulunmaktadir. Andiran ve Sarikayalar'in Ankara'da yiiriittiigii ve yillar i¢indeki
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degisimi inceleyen ¢alismada da benzer yas oOriintiisii ve etken cesitliligi bildirilmistir [1].
Ozkiyim amaclh maruziyetin olgularimizin {igte birini (%35,0) olusturmasi ve bu olgulara
siklikla psikiyatrik dykiiniin (%30,0) eslik etmesi, ergenlerde kasitli zehirlenmelerin agirligini
vurgulayan Bulut ve arkadaglarinin Tirkiye verileriyle ortiismektedir [2]; bu bulgu, ergen
zehirlenmelerinde ruhsal degerlendirmenin transfer sonrast bakimin ayrilmaz bir parcasi olmasi
gerektigine isaret eder. Etken dagiliminda kimyasal madde ve alkol/madde alimimin 6ne
¢ikmast ise, sorumlu ajanlarin bolge ve doneme gore degiskenlik gosterdigi yoniindeki bilgiyle
uyumlu, beklenen bir yansimadir. Hastane oncesi siirece bakildiginda, olgularin biiyilik
boliimiiniin kentsel kaynakli olusu ve en sik egitim-aragtirma hastanesine yonlendirilmesi,
Yazici ve arkadaslarinin Ankara 112 pediatrik travma serisindeki dagilimi andirmaktadir [4].
Yanit ve transfer siirelerinin kisaligi, Akkan Oz ve Yazici'nin da aralarinda bulundugu ekibin
Ankara 112 yanik verilerine dayanan coziimlemesinde tanimlanan siire performansiyla
tutarlidir [5]. Olgularin yaklasik beste birinin kirmizi triyaj kategorisinde yer almasina karsin
hi¢birinde entuibasyon, kardiyopulmoner resisitasyon veya eksitus goériilmemesi; ciddi seyirli
bir alt grubun varligina ragmen tiim olgularin hastaneye canli ve teslim edilebilir durumda
ulagtifin1 ortaya koymaktadir. Bu tablo, ambulansla getirilen pediatrik olgularda degisken
aciliyet diizeyleri bildiren Bucak ve arkadaslarmmin gozlemleriyle benzesmektedir [6].
Yorumlama sirasinda bazi smirlamalar géz Oniinde bulundurulmalidir: 6rneklem gorece
kiigiiktiir (n=40), veriler tek merkeze ve biiyiik 6l¢iide tek mevsime aittir, tasarim retrospektiftir.
Yine de, 112 ile transfer edilen pediatrik toksikasyon olgularina 6zgi hastane 6ncesi verileri bir
araya getirmesi, ¢alismanin baslica katkisini olusturmaktadir.

SONUC

112 ASH tarafindan transfer edilen pediatrik toksikasyon olgulari, yasa gore iki ucta toplanan,
cogunlukla kentsel kaynakli ve biiylik boliimii hastaneye stabil teslim edilen bir tablo ortaya
koymaktadir. Ergenlerde 6zkiyim amagli maruziyetin ve eslik eden psikiyatrik Oykinin
belirginligi, bu yas grubunda ruhsal degerlendirme ve koruyucu yaklagimlarin énemini 6ne
cikarmaktadir. Kirmizi triyajli olgularin azzimsanmayacak orani ise hastane 6ncest triyaj ve hizl
transferin siirdiirilmesi gerektigini diisiindiirmektedir. Bulgularin daha genis, ¢cok merkezli ve
cok mevsimli serilerle desteklenmesi, ¢ikarimlarin gliclenmesini saglayacaktir.
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Impact of Exercise adherence and Work-Life Balance on Employees Performance

1.Dr. Ambreen Anjum, Associate Professor, Virtual University of Pakistan 2. Kshaf Nasir,
Ph.D. Scholar, Lahore College for Women University

This study aims to examine the relationship between perceived exercise benefits, exercise
adherence, and work-life balance. The study further aims to assess the impact of exercise
adherence on employees’ work performance. The study employed a quantitative, cross-
sectional correlational research design to examine the relationship between perceived exercise
benefits, perceived exercise barriers, work-life balance, and exercise adherence among full-
time employees in Pakistan. A non-probability convenience sample of 160 full-time employees
(82 males and 78 females), working at least 40 hours per week, was recruited from various
organizations in Lahore. Participants completed standardized instruments measuring Perceived
Benefits/Barriers to Exercise Scale (Sechrist et al 1987), Exercise Adherence Rating Scale
(Gillison et al 2011). Data was analyzed using descriptive statistics, Pearson product-moment
correlation, regression analysis and an independent samples t-test. The findings revealed
significant positive correlations between perceived exercise benefits and exercise adherence (r
= .57, p <.01), as well as between work-life balance and exercise adherence (r = .53, p <.01).
No significant gender differences were observed in exercise adherence. The findings suggest
that positive perceptions of exercise and a healthy work-life balance are important factors
associated with greater adherence to regular physical activity among full-time employees. The
findings indicate that employees who perceive greater benefits of regular exercise are more
likely to engage consistently in physical activity, which may contribute to better management
of work and personal responsibilities and enhanced work performance. These results highlight
the importance of developing comprehensive workplace wellness programs that address both
individual motivational factors and organizational policies that promote work-life balance to
enhance long-term exercise adherence.

Keywords: exercise adherence, perceived exercise benefits, perceived exercise barriers, work-
life balance, full-time employees, occupational health, Pakistan.
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Abstract

Hyperlipidemia is incredibly common around the world, but especially in the Western
Hemisphere. Hyperlipidemia comes in two varieties: primary and secondary. Primary
hyperlipidemia is mostly caused by a hereditary ailment known as familial hyperlipidemia,
while secondary hyperlipidemia is brought on by diseases like hypothyroidism, obesity,
diabetes, chronic alcohol consumption, and beta-blocker prescription use. Polyherbal products
may provide an affordable and acceptable complementary or alternative treatment modality to
hyperlipidemia management that can significantly contribute to CVD risk and burden reduction
on a large scale if it proves effective and safe. The present study was designed to evaluate the
epidemiological prevalence of hyperlipidemia and to investigate the therapeutic potential of a
herbal formulation prepared from natural plant sources including Berberis, Terminalia arjuna,
Emblica officinalis (amla) and Commiphora mukul (guggul). The epidemiological survey was
conducted to evaluate demographic characteristics, dietary habits, physical activity, and
medical history of the participants to identify major risk factors contributing to hyperlipidemia.
The second part of the study involved product development and efficacy evaluation. The herbal
formulation was prepared in powder form by combining selected medicinal plants and was
analyzed for proximate composition, total phenolic content (TPC) and total flavonoid content
(TFC). The proximate analysis of Polyherbal Product revealed that 6.93 + 0.15 % moisture,
11.93 + 0.15 % Fiber, 9.03 £ 0.15 % protein, 5.33 £ 0.15 Ash, 4.6 + 0.1% fat and 62.23 + 0.80
% NFE contents. Total phenolic content was observed maximum (73.26 + 0.80 mg GAE/100g)
and total flavonoid content of poly herbal product were observed minimum (42.43 = 0.60 mg
CE/100g).
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WHY ECO-NUDGING TRIGGERS BOTH COMPLIANCE AND REACTANCE:
EVIDENCE FROM EMERGING DIGITAL FINANCE MARKETS

Eduardus Suharto
Perbanas Institute, Jakarta, Indonesia

Mercurius Broto Legowo
Perbanas Institute, Jakarta, Indonesia

ABSTRACT

The integration of environmental sustainability into banking governance increasingly extends
beyond disclosure compliance toward behavioural implementation through digital platforms.
This study examines how eco-nudging embedded in mobile banking applications influences
green financial intention through two competing psychological mechanisms: compliance and
psychological reactance. The moderating role of cultural norm orientation and potential gender
heterogeneity are also investigated. Data were collected from 266 digital banking users and
analysed using partial least squares structural equation modelling (PLS-SEM). The results
reveal that eco-nudging positively influences both compliance and psychological reactance.
While compliance contributes positively to green financial intention, psychological reactance
exerts a substantially stronger influence. The model explains a considerable proportion of the
variance in green financial intention. Furthermore, cultural norm orientation weakens the
positive relationship between eco-nudging and compliance, while multi-group analysis
indicates no significant differences across gender groups. These findings reveal an eco-nudging
paradox within regulated banking environments: sustainability-oriented digital prompts may
simultaneously encourage and undermine green financial behavior. The study contributes to
sustainable banking governance by highlighting behavioural risk considerations in ESG
implementation and provides policy implications aligned with prudential climate-risk
supervision frameworks

Keywords: Compliance, Eco-Nudging; Emerging Digital; Finance Markets; Reactance:
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Abstract

Coumarin derivatives are an important class of heterocyclic compounds characterized by interesting
photochemical and optical properties, making them attractive candidates for the development of
functional materials with ultraviolet (UV) absorption potential. Coordination with metal ions can
modify the electronic environment of the coumarin chromophore and consequently influence its UV-
screening behavior. In this study, the ultraviolet protection properties of a series of Zn(l11) and Fe(ll)
complexes derived from coumarin-based ligands were comparatively evaluated. Eight ligand systems
(Li—Ls) and their corresponding zinc and iron complexes were investigated. The UV protection
performance of the synthesized compounds was assessed spectrophotometrically by determining the
Ultraviolet Protection Factor (UPF). The Zn(Il) complexes exhibited UPF values ranging from 1.51 to
1.85, whereas the Fe(ll) complexes showed values ranging from 1.41 to 1.68. Among the investigated
Zn(IT) compounds, Zn(L.4)- displayed the highest UPF value of 1.85, followed by Zn(Ls). with a value
of 1.80. For the Fe(Il) series, the highest UPF value was observed for Fe(Ls): (1.68), while Fe(Ls):
showed the lowest value (1.41). The observed differences demonstrate that both the ligand framework
and the coordinated metal ion influence the UV protection characteristics of coumarin-based systems.
Overall, the comparative evaluation provides further insight into the relationship between metal
coordination and UV-screening behavior and may contribute to the development of coumarin-derived
functional materials with tunable ultraviolet absorption properties.

Keywords: Coumarin derivatives, zinc complexes, iron complexes, ultraviolet protection factor, UV
absorption.
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COMPREHENSIVE REVIEW OF LEAD-FREE HALIDE PEROVSKITES FOR
SOLAR CELLS AND PHOTOCATALYSIS
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Abstract

Lead based halide perovskites have two main problems. Lead is toxic, and these materials do
not stay stable for long. Because of this, researchers are working on lead free alternatives. This
paper is a literature review that compares six lead free halide perovskites: FASnls, Cs.TiBrs,
Cs2Snls, Cs2AgBiBrs, Cs3Bizlo, and CssSbals. These materials belong to three different structure
types: 3D perovskites, vacancy ordered double perovskites, and layered structures. This review
looks at their structural, thermal, chemical, electronic, and optical properties, and compares
them with common lead based perovskites like MAPbIs and with normal semiconductors such
as silicon (Si), titanium dioxide (Ti0Oz), and cadmium sulfide (CdS). The goal is to understand
how the structure of each material connects to its properties and how well it can work in a real
device.

The review shows a clear pattern. Materials that perform better are usually less stable, and
materials that are more stable usually perform worse. FASnIs has a band gap close to the ideal
value for solar cells, about 1.2 to 1.4 eV, and it absorbs light strongly, more than 105 cm™.
Because of this, FASnls is the best lead free option for solar cells so far. But it has one big
problem. Sn** in the material slowly turns into Sn**, and this creates defects and hurts long term
stability. On the other hand, materials like Cs2TiBrs, Cs2AgBiBrs, Cs3Bizls, and CssSbzls are
more stable because their metal ions stay in a stable state and their structure is fully inorganic.
But these materials have indirect band gaps, around 1.8 to 2.4 eV, and they carry charge less
well, so they work better for photocatalysis than for high efficiency solar cells. Cs.Snls is a
special case. It has a narrow band gap of about 1.3 eV, and it works well as an electron transport
or passivation layer in tin based perovskite solar cells.

In short, no single lead free perovskite is perfect for every use. But this review shows clear
patterns, based on structure type, oxidation state stability, and band gap, that can help guide
future work on lead free perovskite materials for solar energy and photocatalysis.

Keywords: Lead free halide perovskites; FASnls; double perovskites; solar cells;
photocatalysis; band gap engineering
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Abstract

This study provides an in-depth evaluation of the structural, lattice, and morphological
properties of Yttrium (Y)-doped bismuth titanate BisTisO12, designated as BIT), Aurivillius
nanoparticles prepared via a low-temperature molten-salt synthesis method. The research
primarily focuses on understanding how rare-earth element incorporation influences the
crystalline framework and surface morphology of three-layer Aurivillius structures. X-ray
diffraction (XRD) characterization confirms the formation of a pure, single-phase Aurivillius
compound without unreacted precursor residues or secondary impurity phases. Structural
refinement reveals that the synthesized nanopowders crystallize in the orthorhombic crystal
system belonging to the Aba2 space group. The substitution of Bi®* cations by Y3* dopants
within the lattice leads to systematic structural modulations, including a progressive expansion
of the unit cell volume. Detailed bond length analysis indicates that this lattice expansion is
accompanied by an increase in the average cation-anion bond distances within the pseudo-
perovskite sublattices. This demonstrates that Yttrium doping directly modifies the internal
octahedral tilting and local symmetry of the BIT crystal matrix. Morphological investigations
carried out using scanning electron microscopy (SEM) and energy-dispersive X-ray
spectroscopy (EDX) show a well-crystallized and densely packed microstructural arrangement.
The overall morphology is dominated by distinct, agglomerated plate-like grains, which reflect
the intrinsic anisotropic growth tendencies characteristic of layered bismuth titanate materials.
The elemental mapping confirms a uniform spatial distribution of bismuth, titanium, yttrium,
and oxygen, highlighting the compositional homogeneity achieved through the low-
temperature molten-salt reaction route. Fourier-transform infrared (FTIR) spectroscopy further
verifies the chemical bonding and structural stability of the Aurivillius framework. Prominent
absorption bands recorded in the 400-700 cm™ wavenumber region correspond directly to the
characteristic vibrational modes of the TiOs octahedra, confirming that the fundamental
structural backbone remains fully preserved following Yttrium incorporation. In summary, the
study demonstrates that controlled Yttrium doping effectively tunes the crystallographic and
morphological characteristics of BIT Aurivillius nanoparticles for functional applications.

Keywords: BIT Aurivillius; Yttrium doping; Orthorhombic phase; Molten-salt synthesis;
SEM/EDX morphology; FTIR spectroscopy.
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Abstract

This study investigates the structural, morphological, and vibrational properties of Barium
(Ba?*) doped BisTisO12 (BIT) ceramics, a member of the three-layer Aurivillius phase family.
Aurivillius oxides are promising candidates for photocatalytic applications and wastewater
treatment; however, structural modification through cation substitution is often necessary to
optimize their performance. In this work, BIT-Ba nanoparticles were synthesized via a low-
temperature molten-salt method, offering a simple and controlled route to prepare pure
crystalline nanopowders. Structural characterization using powder X-ray diffraction (XRD)
confirmed that the Ba-doped BisTi3O12 ceramics retain a pure three-layer Aurivillius-type
layered structure. The synthesized phase crystallizes in a pure orthorhombic crystal lattice
belonging to the Aba2 space group without secondary phase impurities. The heterovalent
substitution of Bi** ionic radii by Ba?* ions leads to a notable expansion in the unit cell volume.
This volume expansion is attributed to the larger ionic radius of Ba 2* compared to Bi3+, which
subsequently increases the average cation-anion bond distances within the perovskite-like
octahedral sub-lattice (Ti—O octahedra). Morphological features and elemental distributions
analyzed through Scanning Electron Microscopy (SEM) combined with Energy Dispersive X-
ray Spectroscopy (EDX) revealed a relatively dense and uniform microstructure. The
nanoparticles exhibit a typical micro-grain agglomerated plate-like morphology, which is
characteristic of Aurivillius layered structures due to their anisotropic crystal growth along the
a-b planes. Fourier Transform Infrared (FTIR) spectroscopy further confirmed the formation
of the layered Aurivillius oxide matrix. The spectra display prominent metal-oxygen absorption
bands in the wavenumber region between 400 cm ! and 700 cm ~!. These characteristic
vibration bands correspond to the stretching and bending modes of the TiOs octahedral units
within the perovskite layers. Overall, the low-temperature molten-salt technique successfully
yields pure, well-crystallized Ba-doped BIT plate-like nanoparticles with altered lattice
parameters, opening up possibilities for enhanced photocatalytic performance in environmental
remediation.

Keywords: BIT Aurivillius; Barium doping; Orthorhombic phase; Molten-salt synthesis;
SEM/EDX morphology; FTIR spectroscopy.
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ABSTRACT

Soil carbon sequestration has emerged as a key strategy for mitigating climate change while
improving soil health and agricultural sustainability. This study examined the influence of
selected weed species: Tithonia diversifolia, Chromolaena odorata, Pennisetum purpureum,
and Vetiveria chrysopogon on soil physical properties and their role in enhancing carbon
storage. The study was carried at the Teaching and Research Farm, Ladoke Akintola
University of Technology (LAUTECH), Ogbomoso, Oyo State, Nigeria. A completely
randomized design (CRD) was employed with five treatments, including an arable land control.
Soil samples were collected at a depth of 0—15 cm and analyzed for bulk density, total porosity,
gravimetric and volumetric moisture contents, and soil organic carbon (SOC) stock. Standard
laboratory procedures were followed, and data were subjected to analysis of variance
(ANOVA) at a 5% probability level to determine treatment effects. Results revealed that
vegetation type significantly influenced soil moisture content and SOC accumulation (P <
0.05). Soils under Tithonia diversifolia recorded the highest organic carbon concentration
(2.49%) and SOC stock (47.21 Mg ha™), while the lowest values occurred under arable land
(0.62% and 12.30 Mg ha!, respectively). Total Nitrogen and exchangeable Ca were
significantly lower respectively on arable land by (0.11%, 1.94 cmol/kg) than vetiver grass
(0.80%, 2.75 cmol/kg). Aso, gravimetric and volumetric moisture content were significantly
higher on vegetated plots than arable land. In conclusion, maintaining vegetative cover—
particularly with Tithonia diversifolia—significantly enhances carbon sequestration potential.
The study recommends integrating beneficial weed species into sustainable soil management
frameworks as a cost-effective, nature-based approach to combating land degradation and
mitigating climate change.

Keywords: Soil, physical properties, chemical properties, organic carbon stock
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Abstract

This work underscores the inherent limitations of experimental studies in organic chemistry,
which remain costly, time-consuming, and prone to significant variability depending on
experimental conditions. To address these challenges, it adopts theoretical and computational
approaches, particularly quantitative structure—activity/property relationships (QSAR/QSPR),
which establish correlations between molecular descriptors and the biological or
physicochemical properties of compounds. The research focuses on heterocycles, with special
emphasis on the 1,2,3-triazole, distinguished by its polarity, rigidity, and ability to form
hydrogen bonds, and widely recognized as a structural motif in drug design with diverse
biological activities. The study integrates both reactivity analysis and density functional theory
(DFT) to investigate the regioselectivity of the 1,2,3-triazole ring, employing global indices
(electrophilicity, nucleophilicity, electronic potential) and local indices (Fukui functions). A
transition state analysis was further conducted to compare the characteristics of the possible
products. Complementary molecular docking and molecular dynamics simulations, were
performed to explore ligand—target interactions, using crystallographic structures available in
the Protein Data Bank (PDB) as reference models. By combining these computational
strategies, the research successfully identified and proposed new therapeutic candidates,
rigorously evaluated against, drug-likeness, and ADME-Tox criteria. This integrated approach
paves the way for the rational design of innovative molecules with high pharmacological
potential, reinforcing the role of computational chemistry as a powerful tool in modern drug
discovery.

Keywords: QSAR Modeling; ADME Tox; Molecular Docking; DFT; 1,2,3-triazole;
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ABSTRACT

Background: Infant feeding methods are a major determinant of infant nutritional status,
which in turn, affects infant morbidity and mortality. Among feeding methods, exclusive
breastfeeding is of particular importance as this practice is fundamental for growth,
development, health and survival of infants.

Study Objectives: The study aimed to determine the perception of mothers on the benefits and
outcome of exclusive breastfeeding as well as the factors that hinders mothers to practice
exclusive breastfeeding.

Study setting: Immunization Unit of Murtala Muhammad Specialist Hospital, Kano State,
Nigeria.

Methodology: The study utilized a cross-sectional descriptive research design, where 148
respondents were sampled using systematic sampling technique.

Research Instrument: Questionnaires were used to collect data, data for the study was
analyzed using the statistical package for social sciences (SPSS) version 20 and presented in
frequency and percentages.

Results: Findings from the study shows that 56.8% of the respondents are within the age group
of 15 — 25; while 77.7% of the respondents are of Hausa/ Fulani tribal group; 29.7% of the
respondents strongly agreed that exclusive breastfeeding improves child spacing through
lactational amenorrhea while 57.4% strongly agrees that exclusive breastfeeding makes babies
healthy; 60.8% of the respondlents agreed that infants not exclusively breastfed requires more
prescriptions and hospital stay in the first year of life while 83.8% disagree that exclusive
breastfeeding decreases infants mortality rate; 83.1% of the respondents agreed that stress
prevents the mothers from breastfeeding their babies exclusively.

Conclusion: The study concludes that the respondents are aware of the benefits of exclusive
breastfeeding and the outcome of exclusive breastfeeding but majority of the respondents
believes that exclusive breastfeeding does not decrease infant mortality rate.

Recommendation: The study recommends that all clinics, primary health care centers and
hospitals in Nigeria should be designed and supported to become baby friendly.
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Abstract

Background: Potentially inappropriate medications (PIMs) and potential prescribing
omissions (PPOs) are important contributors to medication-related harm in children, yet
evidence from low- and middle-income countries remains limited. This study assessed the
prevalence, patterns, and predictors of PIMs and PPOs among pediatric patients using the Key
Potentially Inappropriate Drugs in Pediatrics (KIDs) List 2025 and Pediatrics: Omission of
Prescriptions and Inappropriate Prescriptions (POPI) 2024 criteria.

Methodology: A multicenter cross-sectional study was conducted among pediatric patients
(<18 years) attending inpatient and outpatient services at tertiary care hospitals in Pakistan
between September 2025 and January 2026. PIMs and PPOs were identified using the KIDs
List 2025 and POPI 2024 criteria. Multivariable logistic regression was performed to identify
factors associated with PIMs and PPOs.

Results: A total of 2,877 pediatric patients were included; 54.1% were female, 12.0% had at
least one comorbidity, and 66.7% received polypharmacy (=5 medications). Overall, 19.5% of
patients had at least one PIM, with 9.0% identified by both screening tools. The POPI criteria
detected more PIMs than the KIDs List (12.0% vs. 7.9%), while PPOs were identified in 22.5%
of patients. Among KIDs-listed medications, 20.2% were prescribed, with montelukast sodium
accounting for the highest proportion of inappropriate prescribing (152/153; 99.3%). Pain and
fever management represented the most frequent PIM category, whereas omission of oral
rehydration solution in children with gastroenteritis was the most common PPO (523/647;
80.8%). Younger age, polypharmacy, number of prescribed medications, and healthcare setting
were independently associated with PIMs, whereas age was the only independent predictor of
PPOs.

Conclusions: PPOs were more prevalent than PIMs, indicating that assessment of prescribing
omissions complements evaluation of inappropriate medications and provides a more
comprehensive measure of prescribing quality. Routine application of validated pediatric
prescribing tools, together with medication review and antimicrobial stewardship
interventions, may improve medication safety in pediatric practice.

Keywords: medication safety; potentially inappropriate medications; prescribing omissions;
pediatrics; KIDs List; POPI.
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ABSTRACT

This study developed a sustainable photocatalytic system for wastewater treatment based on
green-synthesized ZnO nanoparticles incorporated into chitosan-based composite beads. ZnO
nanoparticles were synthesized using Argania spinosa press-cake extract and optimized
through a Box—Behnken design to maximize their surface area. The optimized nanoparticles
were subsequently incorporated into binary (CS@2ZnO) and ternary (CS@ZnO@Ghassoul)
nanocomposite beads using a simple ionotropic gelation method.

The ternary CS@ZnO@Ghassoul nanocomposite exhibited superior performance, achieving a
BET surface area of 39.823 m2/g and 97.87% photodegradation of Basic Yellow 28 within 40
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min, with a reaction rate constant (kap) of 0.1071 min™’, significantly higher than that of pure
ZnO. The beads also showed excellent reusability, retaining more than 96% degradation
efficiency after three regeneration cycles. Furthermore, the regenerated composites
demonstrated a dual functionality by efficiently photoreducing Cu?** ions. The regenerated
CS@ZnO@Ghassoul beads achieved 99.5% Cu?" removal within 110 min (ki = 0.02614
min'), outperforming the regenerated CS@ZnO beads (92.01%, kap, = 0.01505 min™'), while
maintaining a high BET surface area of 30.966 m2/g. These findings highlight the potential of
the developed composite as a recyclable and efficient photocatalyst for wastewater
remediation.

Computational calculations using density functional theory (DFT) supported the experimental
findings, revealing that Basic Yellow 28 has a narrow energy gap (2.05 eV), indicating high
reactivity. The high electrophilicity index (o =4.59 eV) confirms that BY 28 is a strong electron
acceptor, readily attracting electrons from the photocatalyst surface. Additionally, the high
charge transfer capacity (ANmax = 2.92) demonstrates its strong ability to exchange electrons
with ZnO, which facilitates rapid oxidative degradation. These electronic properties explain
why BY28 is efficiently degraded by the CS@ZnO@Ghassoul clay composite. Finally, the
developed beads successfully treated real textile wastewater, reducing chemical oxygen
demand (79.3%), biochemical oxygen demand (67.0%), and dye content (59.9%). These results
demonstrate that the CS@ZnO@ Ghassoul ternary nanocomposite is an efficient, reusable, and
eco-friendly photocatalyst with strong potential for sustainable industrial wastewater treatment
and circular economy applications.

Keywords: Argania spinosa press-cake extract; Basic Yellow 28; BET surface area; Cu?
photoreduction; Green synthesis; Zinc oxide particles
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ABSTRACT

This study investigated the effects of different water levels on the yield of rocket (Eruca sativa
L.) grown under greenhouse conditions. The experiment was conducted in a greenhouse with
a natural ventilation system and polycarbonate covering material, in 5-liter pots with 4 plants
per pot. Deficit irrigation was performed according to the evaporation value read from a
reduced evaporation pan. Full irrigation (S1) was applied at 100% of the evaporation value,
while restricted irrigations were applied at 80% (S2) and 60% (S3) of the evaporation value.

Water consumption per pot was determined as 133.0 mm in total for the S1 treatment, 106.4
mm for the S2 treatment, and 79.8 mm for the S3 treatment. The average leaf length and
marketable yield were observed in the S1 treatment at 18.67 cm and 13.15 g, respectively,
while the average number of leaves per plant was observed in the S2 treatment at 7.44.

The study concluded that applying high levels of water restriction in leafy green vegetables
reduces marketable plant yield; however, in cases of mandatory "deficit irrigation” due to
insufficient water resources, irrigation restriction of up to 80% may be recommended.

Key Words: Eruca sativa, deficit irrigation, plant water consumption, greenhouse conditions

OZET

Bu calismada sera kosullarinda yetistirilen roka (Eruca sativa L.) bitkisine uygulanan kisith
sulama diizeylerinin bitki verimi Tlizerine olan etkileri arastirilmistir. Deneme dogal
havalandirma sistemine ve polikarbon Ortli malzemesine sahip serada ve 5 litre hacimli
saksilarda her saksida 4 bitki olacak sekilde yiiriitiilmiistiir. Kisith sulama uygulamalari
indirgenmis buharlagsma kabindan okunan buharlagsma degerine gore yapilmistir. Tam sulama
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(S1) konusunda buharlagsma degerinin %100’i, kisitli sulamalar ise buharlagma degerinin
%801 (S2) ve %60°1 (S3) uygulanarak yapilmistir.

Saks1 basina su tiiketimi, S1 uygulamasinda toplam 133.0 mm; S2 uygulamasinda 106.4 mm
ve S3 konusunda ise 79.8 mm olarak belirlenmistir. Ortalama yaprak boyu ve pazarlanabilir
verim sirastyla 18.67 cm ve 13.15 g ile S1 konusunda, bitki basina ortalama yaprak sayist ise
7.44 adet ile S2 konusunda gozlenmistir.

Arastirma sonucunda yesil yaprakli sebzelerde yiiksek oranda su kisiti uygulamasinin
pazarlanabilir bitki verimini azaltti§1 bununla birlikte su kaynaklarinin yetersiz oldugu zorunlu
“eksik sulama” durumlarinda %80’e kadar kisith sulama onerilebilecegi sonucuna varilmistir.

Anahtar Kelimeler: Eruca sativa, kisitli sulama, bitki su tiiketimi, sera kosullar

GIRIS
Sulama yapilan tarimda su kullanim verimliliginin artirilmasi bir zorunluluktur, ¢iinkii tarim
diinyanin en biiyiik tatl su tiiketicisidir. Bu baglamda, toprak ve su kaynaklarini etkin bir

sekilde kullanarak su tasarrufu saglayan yontemlere ek olarak, toprakta nemi uzun siire tutan
yontemlerin gelistirilmesi de su kaynaklarinin siirdiiriilebilir kullanimi i¢in 6nemlidir.

Yapraklar tiiketilen roka (Eruca sativa L.), Akdeniz havzasi kokenli yaprakli sebzelerden
biridir (Vural vd., 2000). Ozellikle Akdeniz iilkelerinde ve diinya ¢apinda bilinen roka, yabani
olarak yetisen ve yetistirilen bir sebzedir. Genellikle yapraklari i¢in yetistirilir ve hasat ilk y1lda
yapilir (Esiyok, 2012). Yapraklar tiiketilen rokanin ac1 bir tadi ve aromasi olmasina ragmen,
yiiksek besin degeri onu ¢ig olarak tikketmeyi cazip kilmaktadir (Barillari et al., 2005). Rokanin
insan beslenmesi i¢in faydali 6nemli mineraller, proteinler ve vitaminler icerdigi ve yiiksek lif
iceriginin onu beslenme ac¢isindan 6nemli kildig1 gosterilmistir (Barlas et al., 2011). Bitki
biliyiimesi i¢in gerekli olan su eksikligi oldugunda, bitkinin vejetatif gelisimi zayiflar. Su stresi
altindaki bitkilerde biiylime devam etse de, verim olumsuz etkilenebilir. Kisitli sulama, bitki
bayumesinin belirli kritik donemlerinde sulama suyunu bilingli olarak azaltarak su tasarrufu
saglama yontemidir. Birgok saha caligmasi, bu yontemin dogru uygulandiginda bitki
verimliligini koruyabilecegini veya artirabilecegini gdstermektedir (Chai et al., 2016; Chand et
al., 2020; Ahmadian et al., 2021; Abd EI-Mageed et al., 2022).

Bu ¢alismanin amaci, sera kosullarinda farkli sulama seviyelerinde roka bitkilerinin su-verim
iligkilerini ve kisith sulamanin su verimliligi tizerindeki etkilerini arastirmaktir. Bu baglamda,
bulgularin siirdiiriilebilir su yonetimine ve tarimsal iiretime katkida bulunmasi beklenmektedir.

MATERYAL VE YONTEM

Bu ¢alismada, Brassicaceae familyasindan roka (Eruca sativa L.) tohumlar1 materyal olarak
kullanilmigtir. Calisma, dogal havalandirmali polikarbon bir serada gergeklestirilmistir.
Saksilar, sirastyla 3:1:1:1:1 (hacimce) oraninda toprak, torf, perlit, organik giibre ve kum
karigimi ile doldurulmustur. Calisma, ii¢ tekrarli sansa bagli parsel deneme desenine gore
tasarlanmustir.

Calismada kullanilan su, Atatiirk Universitesi kampiisiiniin sebeke suyu olup, ortalama pH
degeri 7.4, elektriksel iletkenlik (EC) degeri 0.26 dS m™ ve sodyum adsorpsiyon orani (SAR)
0.5 olup, “cok 1yi” su grubuna girmektedir.

Bitkiler, saksi basina 4 bitki olacak sekilde 5 litrelik saksilara ekilmistir. Kisith sulama,
inidrgenmis buharlasma kabindan okunan buharlasma degerine gore yapilmistir. Tam
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sulamada (S1), buharlasma degerinin %1000 oraninda uygulanirken, kisitli sulamalar
buharlagma degerinin %80'1 (S2) ve %601 (S3) oraninda uygulanmistir.

Her bir saksiya verilecek sulama suyu miktar1 asagidaki denklemle belirlenmistir:
I =KcXEpxA

Esitlikte;

I = sulama suyu miktari (litre),

A= saks1 alan1 (m?),

Ep = indirgenmis buharlagsma kabindan okunana toplam buharlagsma miktar1 (mm),

Kc = bitki — kap buharlagma katsayisi (Kc degeri farkli sulama seviyelerine gore 1, 0.80 and
0.60 olarak alinmistir).

Roka tohumlar1 10 Eyliil’de ekilmis olup, bitkiler 5 Kasim’da hasat edilmistir. Kisitli sulamalar
8 Ekim’de uygulanmaya baslanmig ve o tarihe kadar sulama uygulamalar1 S1 konusuna gore
yapilmigtir.

BULGULAR VE TARTISMA

Saks1 bagina su tiiketimi, S1 uygulamasi icin toplam 133.0 mm, S2 uygulamasi i¢in 106.4 mm
ve S3 uygulamasi i¢in 79.8 mm olarak belirlenmistir (Sekil 1).

Farkli sulama uygulamalarimin bitki verimi ve bilylime parametreleri iizerindeki etkileri de
belirlenmistir. Calismada, kisith sulama igin ortalama bitki ve yaprak boyu, bitki basina
ortalama yaprak sayisi, ortalama kok kalinlig1 ve bitki basina ortalama pazarlanabilir verim
degerleri Cizelge 1'de verilmistir.

Evapotranspirasyon (mm)

140
120
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40

20

mS1 mS2 mS3

Sekil 1. Arastirma konular1 i¢in evapotranspirasyon miktarlart (mm)
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Cizelge 1. Arastirma konularinin bitki verim ve bilylime parametreleri {izerine etkileri

Uygulamalar
Parametreler S1 S2 S3
Ort. bitki boyu (cm) 34.50 30.17 28.67
Ort. yaprak boyu (cm) 18.67 17.17 16.50
Ort. bitki basina yaprak sayisi (adet) 7.11 7.44 6.00
Ort. kok cap1 (mm) 4.05 3.78 3.86
Ort. pazarlanabilir verim (bitki basina g,) 16.96 13.26 13.38

Ortalama bitki boyu 34.50 ile 28.67 c¢cm arasinda, ortalama yaprak boyu 18.67-16.50 mm,
ortalama kok ¢ap1 4.05-3.78 mm, ortalama pazarlanabilir agirlik 16.96—13.26 g ve bitki bagina
yaprak sayis1 7.44—6.00 arasinda degismistir. En yiiksek bitki boyu, yaprak boyu, kok cap1 ve
pazarlanabilir verim (34.50 cm, 18.67 cm, 4.05 mm ve 16.96 g) S1 uygulamasinda
kaydedilmistir. Bitki basima en yiiksek yaprak sayisi degeri ise 7.44 ile S2 uygulamasinda
kaydedilmistir (Sekil 2).

40
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25
20
1
1
: III ]

Average plant height  Average leaf height  Average leaf number Average root diameter Average marketable
(cm) (cm) per plant (number) (mm) yield (g, per plant)
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Sekil 2. Kisitli sulamanin roka bitkisinin verimi ve bilylime parametreleri lizerine etkisi

En diistik bitki boyu, yaprak boyu ve bitki basina yaprak sayis1 degerleri (sirasiyla 28.67 cm,
16.50 cm ve 6.0) S3 uygulamasinda gozlenmistir. Bununla birlikte, en diisiikk kok cap1 ve
pazarlanabilir verim degerleri (sirasiyla 3,78 mm ve 13,26) S2 uygulamasinda kaydedilmistir.
Bitki ve yaprak boyu, kdk cap1 ve pazarlanabilir verim verileri analiz edildiginde, tiim verim
ve billylime parametrelerinin sulama suyu arttikca arttig1 gézlenmistir.

Farkli caligmalar, su stresinin bitki biliylimesi izerinde olumsuz bir etkisi oldugunu bildirmistir
(Abd EI-Mageed et al., 2022; Li et al., 2022). Ayrica, su stresi nedeniyle bitki boyundaki
azalma {lizerine birgok ¢alisma yapilmistir (Kermani ve Asadi 2018; Bhattarai et al., 2020; Rady
et al., 2021). Chand et al. (2020), farkli sulama seviyelerinde yetistirilen domates bitkilerinin
govde capinin su kisitlamasi arttikga azaldigini bildirmistir. Samancioglu et al. (2016), farkl

August 18-19, 2026 / Sanlurfa, Tiirkiye 222



EL RUHA 15th INTERNATIONAL CONFERENCE ON SCIENTIFIC RESEARCH

sulama seviyelerinde olusturulan kuraklik kosullarinin lahana bitkisinde biiylimeyi olumsuz
etkiledigini bildirmislerdir.
SONUC

Bu calisma, Tiirkiye'nin Erzurum ilinde 15 Eylil ve 5 Kasim biliylime mevsimlerinde
gerceklestirilmigtir. Caligmanin amaci, farkli sulama seviyelerinin roka (Eruca sativa L.)
bitkisinin verim ve biiylime parametreleri iizerindeki etkilerini degerlendirmektir.

Calisma, yaprakli yesil sebzelerde yiiksek diizeyde su kisitlamasinin pazarlanabilir bitki
verimini azalttig1 sonucuna varmistir; ancak, yetersiz su kaynaklari nedeniyle zorunlu "eksik
sulama" durumlarinda, %80'e kadar sulama kisitlamasi 6nerilebilir.

Bulgular, ozellikle su kaynaklarinin sinirli oldugu kurak ve yar1 kurak bolgelerde, su
kaynaklarinin korunmasi ve tarimda siirdiiriilebilir su ydnetiminin tesvik edilmesi agisindan
onemlidir. Bu amagla, suyu verimli kullanan tarimsal {iretim sistemlerinin yayginlastirilmasi
ve su tasarrufu yontemlerinin, Ozellikle de sinirli su iiretim tekniklerinin uygulanmasi
gerekmektedir.
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ABSTRACT

This study investigated the effects of different doses of root growth promoting bacteria (PGPB)
applied to arugula (Eruca sativa L.) on plant growth parameters. The research was conducted
in a greenhouse environment; in 5-liter pots, 4 plants were grown in each pot. The treatment
groups were RO (no PGPB application - control), R1 (one — dose treatment), and R2 (two —
dose treatment). The experiment was conducted with 3 replications between September 10th
and November 5th. The PGPB solution was injected into the root zone of the plant. The control
group received the same amount of sugar water.

At the end of the study, the highest average plant length was determined in the RO application
at 34.83 cm, while the average marketable yield and root thickness values were determined in
the R2 treatment at 15.21 g and 4.44 mm, respectively. PGPB applications did not have a
significant effect on the average number of leaves per plant.

The research concluded that PGPB applications can be used to improve plant tolerance,
particularly to abiotic stress factors, in leafy green vegetables, and that the application dose
will vary depending on the plant and stress conditions.

Key Words: Eruca sativa, PGPB, greenhouse conditions

OZET

Bu ¢alismada, roka (Eruca sativa L.) bitkisine uygulanan farkli kok gelisimini destekleyen
bakteri (PGPB) dozlarinin bitki gelisim parametreleri tizerindeki etkileri arastirilmistir. Sera
ortaminda yapilan arastirma; 5 litre hacimli saksilarda her saksida 4 bitki yetistirilerek
yuritilmistiir. Arastirma konularit RO (PGPB uygulamasi yok - kontrol), R1 (bir doz
uygulama) ve R2 (iki doz uygulama) olacak sekilde diizenlenmistir. Deneme 3 tekrarli olarak
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10 Eylul- 5 Kasim tarihleri arasinda yiriitiilmistiir. PGPB soliisyonu bitki kok bolgesine
uygulanmistir. Kontrol konusuna ise ayni1 miktarda sekerli su uygulanmustir.

Calisma sonunda en yiliksek ortalama bitki boyu RO uygulamasinda 34.83 cm, ortalama
pazarlanabilir verim ve kok kalinlig1 degerleri R2 konusunda, sirasiyla 15.21 g ve 4.44 mm
olarak belirlenmistir. Bitki basina ortalama yaprak sayisi konusunda PGPB uygulamalari
onemli etki yapmamustir.

Arastirma sonucunda yesil yaprakli sebzelerde ozellikle abiyotik stres faktorlerine karsi
bitkinin tolerans gelistirmesinde PGPB uygulamalarinin kullanilabilecegi, uygulanacak dozun
ise her bitki ve stres kosullar1 i¢in degisiklik gosterecegi sonucuna varilmstir.

Anahtar Kelimeler: Eruca sativa, PGPB, sera kosullari

GIRIS

Bitkilerin maruz kaldig: iklim ve toprak gibi ¢evresel faktorler, kalite ve verim lizerinde biiyiik
etkiye sahiptir. Verimli bir yetistiricilik igin, bitkiler i¢in en uygun gevresel gereksinimlerinin
kargilanmas1 gerekir. Bitkinin optimum gereksinimlerinden herhangi bir sapma, o bitki i¢in
strese neden olur (Ebrahimian et al., 2019). Cevresel faktorlerin (diistik ve yiiksek sicaklik,
kuraklik, tuzluluk, agir metaller, radyasyon, besin eksikligi vb.) neden oldugu abiyotik stresler,
ozellikle tarimsal tiretimde 6nemli sorunlara yol agar. Bitkiler, biiylime ve gelismelerinin en az

zarar gorecegi sekilde fizyolojik ve metabolik degisikliklerle bu stres kosullarina yanit verir
(Kalefetoglu ve Ekmekei, 2005).

Su kithig1, tarimda bitki biiyiimesini ve verimini etkileyen en 6nemli faktorlerden biridir
(Ebrahimian et al., 2019; Yeloojeh et al., 2020; Tutar et al., 2025). Bu nedenle, rln
verimliligini siirdiiriilebilir bir sekilde artirmak icin yenilik¢i yaklagimlar gelistirilmesi
gerekmektedir (Romero et al., 2022; Alharbi et al., 2022; Celik et al., 2024).

Onceki ¢aligmalar, bitkinin su ihtiyacinin tamamen karsilandig1 durumlarda en yiiksek verimin
elde edildigini, yetersiz sulama kosullarinda ise verimin azaldigini géstermistir (Shareef et al.,
2018; Yavuz et al., 2020; Hou et al., 2024).

Tarim biyoteknolojisindeki son gelismeler, rizosferde yasayan bir dizi bakteri tiirliniin bitki
biiylimesi ve gelisimi, verim, iirlin kalitesi, ¢cevre ve siirdiiriilebilir tarimsal tiretim i¢in faydal
oldugunu ortaya koymustur (Ullah et al.,, 2021; Bouremani et al., 2023). Bu tir
mikroorganizmalar, bitki biiylimesini tesvik eden bakteriler (PGPB) olarak bilinir (Ipek, 2019).
Bu faydali canlilar, azot fiksasyonunu kolaylagtirarak, bliylime hormonlar1 sentezleyerek ve
besin emiliminin verimliligini artirarak bitki gelisimini iyilestirir (Nagrale et al., 2023; Igiehon
et al., 2024). PGPB'lerin, ozellikle su stresi gibi abiyotik stres kosullari altinda bitki
adaptasyonunu iyilestirdigi gosterilmistir (Ahmad et al., 2022; Chieb et al., 2023; Zhao et al.,
2023).

Roka bitkisinin insan beslenmesi i¢in faydali olan 6nemli minerallerin yani sira protein ve
vitaminler igerdigi ve yliksek lif igerigi nedeniyle beslenmede onemli oldugu bildirilmistir
(Barlas et al., 2011).

Bu ¢alismanin temel amaci, roka bitkisine uygulanan PGPB'nin morfolojik gostergeleri nasil
etkiledigini arastirmaktir. Calismada PGPB uygulamasinin bitki biiyiimesi, gelisimi ve
veriminde neden oldugu degisiklikler incelenmistir.
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MATERYAL VE YONTEM

Bu ¢alismada, Brassicaceae familyasindan roka (Eruca sativa L.) tohumlar1 materyal olarak
kullanilmistir. Calisma, dogal havalandirmali polikarbon bir serada gergeklestirilmistir.
Saksilar, sirastyla 3:1:1:1:1 (hacimce) oraninda toprak, torf, perlit, organik glibre ve kum
karigimiyla doldurulmustur. Her saksinin kok bolgesine 15 mL PGPB ¢ozeltisi uygulanmis ve
her saksida 4 roka bitkisi yetistirilmistir. Calisma, tam sansa bagli parsel deneme desenine gore
tasarlanmustir.

Bu ¢alismada, Bacillus megaterium M-3, Bacillus megaterium KBA-10, Bacillus megaterium
TV-3D, Bacillus megaterium TV-91C, Bacillus subtilis TV-17C, Bacillus subtilis TV-12H,
Bacillus thuringiensis CP-1, Pantoea agglomerans RK-79 ve Pantoea agglomerans RK-
92'den olusan dokuz bakteri izolat1 karisim ¢ozeltisi hazirlanmis ve uygulanmistir. Caligmada
kullanilan bakteri suslar1, Atatiirk Universitesi Ziraat Fakiiltesi Bitki Koruma Anabilim Dali'na
bagl Kiiltiir Koleksiyonu Birimi'nden temin edilmistir. Hazirlanan bakteri ¢Ozeltisi, bitki
biliylimesi iizerindeki etkilerini degerlendirmek amaciyla ekim tarithinden sonra 10 giinliik
araliklarla uygulanmigtir.

Aragtirma gruplarit RO (PGPB uygulamasi yok - kontrol), R1 (tek doz uygulama) ve R2 (iki
doz uygulama) olarak belirlenmistir. Deneme, 10 Eyliil ile 5 Kasim tarihleri arasinda 3 tekrarl
olarak gerceklestirilmistir. PGPB ¢6zeltisi bitkinin kok bolgesine enjekte edilmistir. Kontrol
grubuna ayni miktarda sekerli su verilmistir. Saksilara uygulanacak sulama suyu miktari,
indirgenmis buharlasma kabindan okunan degerler kullanilarak belirlenmistir.

BULGULAR

PGPB uygulamalari taze bitki agirhigini artirmistir. R3 uygulamasi (tohum ekiminden sonra iki
doz uygulama) tim uygulamalara gore daha iyi sonuglar vermistir. Bu uygulamada ortalama
taze agirlik 15.21 g olarak gozlenmistir (Sekil 1).

En yiiksek ortalama bitki boyu RO uygulamasinda 34.83 cm, R2 ve R1 uygulamalarinda ise
sirastyla 34.33 cm ve 31.17 cm olarak belirlenmistir (Sekil 2). Ortalama kok kalinligi degeri
R2 uygulamasinda 4.44 mm olarak belirlenirken (Sekil 3), PGPB uygulamalarinin bitki bagina
ortalama yaprak sayisi iizerindeki etkisi dnemli olmamustir.
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Taze agirtik (g)

HRO mR1 mR2

Sekil 1. Ortalama bitki yas agirlig

Bitki boyu(cm)

1

ER0 mR1 mR2

Sekil 2. Ortalama bitki boyu
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Sekil 3. Ortalama kok kalinligt
SONUC

Tarim iiretiminde, olumsuz ¢evresel kosullar verimi ve kaliteyi 6nemli dl¢lide diisiirmektedir.
Ozellikle disardan uygulamalarla stres toleransini artirmak veya hasari azaltmak onemli bir
konudur. Biyostimiilan uygulamasi ve biyolojik zenginlestirme iki 6rnektir. Bitki biiylimesini
destekleyen bakteriler (PGPB), hem (retimde bitki blytmesini desteklemek hem de stres
direncini artirmak i¢in kullanilabilir.

Arastirma, PGPB uygulamalarinin 6zellikle yaprakli yesil sebzelerde abiyotik stres faktorlerine
kars1 bitki toleransini artirmak ic¢in kullanilabilecegi ve uygulama dozunun bitkiye ve stres
kosullarina bagli olarak degisecegi sonucuna varmistir.
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