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MAPLE'DA INTEGRALI ANLATAN DINAMIK SIMULASYON: MATEMATIKSEL
KESIF VE DERINLEMESINE ANLAMA YOLCULUGU

Dynamic Simulation Explaining the Integral in Maple: A Journey of Mathematical

Discovery and In-Depth Understanding

Dr. Ogr.Uyesi Ali BABAPOUR GOLEZANI

Atatiirk Universitesi, alibabapur]1983@gmail.com — 0000-0001-5958-5056
Prof. Dr. Yasin SOYLU

Atatiirk Universitesi, yasinsoylu@atauni.edu.tr- 0000- 0003-0906-4994

OZET

Bu calisma, Maple yazilim1 kullanilarak integral kavraminin interaktif bir simiilasyonla nasil
gosterildigini tanitmay1 amacglamaktadir. Simiilasyon, kullanicilarin integral konseptini
kesfetmelerine imkan tanir ve Maple'in gii¢lii hesaplama ve gorsellestirme yetenekleriyle
integralin grafiksel olarak gosterilmesi ve farkli durumlar altinda incelenmesi saglanir.
Calisma, matematiksel kesif araciligiyla 6grenme deneyimini zenginlestirmeyi ve dgrencilerin

integral kavramini daha derinlemesine anlamalarini desteklemeyi amaclar.

Anahtar Kelimeler: Maple, Integral, Dinamik Simiilasyon, Matematiksel Kesif, Derinlemesine

Anlama
ABSTRACT

This study aims to introduce how the concept of integration is demonstrated through an
interactive simulation using Maple software. The simulation enables users to explore the
concept of integration and utilizes Maple's powerful computational and visualization
capabilities to graphically represent integration and examine it under various scenarios. The
study seeks to enrich the learning experience through mathematical exploration and aims to

support students in gaining a deeper understanding of the concept of integration.

Keywords: Maple, Integral, Dynamic Simulation, Mathematical Exploration, In-Depth
Understanding
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Giris

Matematiksel analiz, integral hesaplama gibi temel kavramlar araciliiyla matematigin
derinliklerine inmeyi saglar. Integral, bir fonksiyonun altinda kalan alam belirleyen ve
matematiksel islemlerde merkezi bir role sahip olan 6nemli bir aragtir. Hem belirli hem de
belirsiz integral bigimleriyle, ¢esitli teorik ve uygulamali problemlerin ¢oziimiinde kritik bir
islev goriir. Ancak, integral hesaplamalar1 ¢ogu zaman Ogrenciler ve arastirmacilar icin

karmasik ve soyut bir yapiya sahip olabilir (Celik, 2014; Dost, 2009).

Maple yazilimi, matematiksel hesaplamalar ve simiilasyonlar i¢in genis bir ara¢ yelpazesi sunar
ve integral hesaplamalar1 i¢in etkili dinamik simiilasyonlar saglar. Maple’in gelismis
matematiksel fonksiyonlar1 ve gorsel araglari, integral kavraminin dinamik ve etkilesimli bir
sekilde ogretilmesini miimkiin kilar. Bu, 6grencilerin ve arastirmacilarin integrallerin farkl

yonlerini daha iyi anlamalarina yardimci olur (A¢ikgoz, 2014; Akkog, 2006; Celik, 2014).

Dinamik simiilasyonlar, matematiksel kavramlarin anlasilmasini kolaylastirmak i¢in gii¢lii bir
aractir. Maple’in sundugu bu tiir simiilasyonlar, integrallerin nasil ¢alistigin1 gorsellestirebilir
ve dgrencilerin bu kavrami daha iyi kavramalarina yardimei olabilir. integrallerin grafikleri ve
gorsellestirilmis hesaplamalari, Ogrencilerin matematiksel diisiinme becerilerini gelistirir

(Badele,2017; Baki ve Cakiroglu, 2010).

Egitimde teknoloji kullanimi, matematiksel kavramlarin 6gretiminde 6nemli bir degisim
yaratmaktadir. Maple’in dinamik simiilasyonlari, integral hesaplamalarinin egitimde nasil etkili
bir sekilde kullanilabilecegini gosterir. Bu simiilasyonlar, 6grencilere matematiksel kavramlari
daha iyi 6gretmek ve anlamalarina yardimci olmak i¢in yenilik¢i bir yol sunar (Aydin ve Dogan,
2012; Celik, 2014; Kagizmanl, Tatar ve Isleyen, 2013). Integrallerin dinamik simiilasyonlari,
matematiksel analizdeki gesitli uygulamalar1 anlamay1 kolaylastirir. Maple ile yapilan bu
simiilasyonlar, integral hesaplamalarinin gorsellestirilmesine olanak tanir ve 6grencilerin bu
kavramlar1 ger¢ek diinyadaki problemlere uygulamalarini tesvik eder. Bu, matematiksel
teorilerin ve uygulamalarin daha iyi anlagilmasini saglar (Dost, 2009; Baki ve Giiveli, 2008;

Engin, Tosten ve Kaya, 2010).

Dinamik simiilasyonlar, integrallerin ¢esitli formiillerini ve yontemlerini 6gretmek icin etkili
bir aragtir. Maple’in sundugu araglar, integral hesaplamalarini interaktif bir sekilde inceleme

ve anlamay1 kolaylastirma imkani sunar. Bu, matematiksel diisiinme ve problem ¢ozme

2
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becerilerini gelistirir (Dost, 2009; Kagizmanli, Tatar ve Isleyen, 2013; Kohen ve Nitzan-Tamar,
2022).

Maple’in integral hesaplamalar1 ile ilgili sundugu dinamik simiilasyonlar, 6grencilerin ve
aragtirmacilarin matematiksel kavramlar1 daha derinlemesine anlamalarina yardimci olur. Bu
simiilasyonlar, 6grencilerin integral kavramlarini daha iyi kavramalarim1 ve bu kavramlari
uygulama becerilerini gelistirmelerini saglar (Giirbiiz ve Ilgaz, 2021; Jonassen, Peck ve Wilson,

1999; Tiirel ve Giirol, 2011).

Sonug olarak, Maple yaziliminin sundugu dinamik simiilasyonlar, integrallerin matematiksel
egitimdeki Onemini vurgulayan etkili araclardir. Bu simiilasyonlar, integral kavraminin

anlasilmasini ve 6grenilmesini kolaylastirir ve egitimde daha derinlemesine bir anlayis saglar.

Amacg

Bu calismanin amaci, Maple yazilimi kullanarak integrali anlatan dinamik simiilasyonlar
gelistirmek ve bu simiilasyonlarin matematiksel kesif ve derinlemesine anlama tizerindeki

etkilerini incelemektir. Calismanin 6zel hedefleri sunlardir:

1. integralin Dinamik Gérsellestirilmesi: Integral kavrammin dinamik simiilasyonlar
kullanilarak nasil gorsellestirilecegini agiklamak.

2. Matematiksel Kesif: Integrallerin dinamik simiilasyonlar ile matematiksel kesfi nasil
destekledigini ve bu kesiflerin 6grenme siirecine katki sagladigini aragtirmak.

3. Egitim Araclari: Maple’in egitimde integral kavramini 6gretme siirecinde nasil etkili
bir arag olarak kullanilabilecegini aragtirmak.

4. Gorsel Analiz: Integrallerin dinamik simiilasyonlari ile yapilan gérsel analizlerin
matematiksel anlamay1 nasil derinlestirdigini degerlendirmek.

5. Uygulamalar ve Teoriler: Integral kavraminin pratik uygulamalar1 ve matematiksel

teorilerle iligkilerini dinamik simiilasyonlar yoluyla incelemek.

Onem

Matematiksel analizde onemli bir yere sahip olan integral kavrami, hem teorik hem de

uygulamali problemlerin ¢oziimiinde merkezi bir rol oynamaktadir. Ancak, integral
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hesaplamalarinin soyut ve karmasik yapisi, 6grenciler ve arastirmacilar i¢in 6grenme siirecinde
zorluklar yaratabilmektedir. Bu noktada, egitim teknolojilerinin sundugu yenilik¢i imkanlar,
kavramlarin daha somut ve anlasilir hale getirilmesinde kritik bir deger tasir. DMON’ler
aracilifiyla saglanan dinamik simiilasyonlar, integralin farkli yonlerinin gorsellestirilmesine ve
etkilesimli bir sekilde incelenmesine olanak taniyarak Ogrenme siirecini destekler. Bu
baglamda, DMON’ler dgrencilerin matematiksel diisiinme, problem ¢6zme ve kavramsal
anlama becerilerini gelistiren, matematik egitiminde verimliligi artiran 6nemli araglar olarak
one ¢ikmaktadir (Aydogdu, ersen ve Tutak, 2014; Aydin ve Dogan, 2012; Celik, 2014; Hatisaru
ve Erbag, 2013; Badeleh, 2017; Baki ve Cakiroglu, 2010; Tiirel ve Giirol, 2009).

Bulgular

Bu calismada, Maple programi kullanilarak Dinamik Matematik Ogrenme Nesnelerinin
modellenmesi igin gerekli komutlar ayrintili bigimde agiklanmustir. Integrali Anlatan Dinamik
Simiilasyon konusunu temsil eden bir 6rnegin, adim adim nasil tasarlanacagi ve uygulanacagi
iizerinde durulmustur. Ayrica, Maple ortaminda 6rnek bir “Integrali Anlatan Dinamik
Simiilasyon” ve buna ait grafigi igeren bir 6grenme nesnesinin olusturulma stireci detayli olarak
sunulmustur. Asagidaki adimlar takip ederek, Maple'da integral kavramini anlatan bir

simiilasyon olusturulmustur.

1. Adim: Maple'1 Baslatma ve Yeni Bir Calisma Sayfasi A¢ma
Maple'r agin ve yeni bir caligma sayfasi baglatin.

2. Adim: Gerekli Kiitiiphaneleri Yiikleme

Grafikler ve hesaplamalar i¢in gerekli olan kiitiiphaneleri yiikleyin.

with(plots):

with(Student[Calculus1]):
3. Adim: Fonksiyonu Tamimlama

Integralini hesaplamak istediginiz bir fonksiyonu tanimlayim. Ornegin, f(x) = x*2 fonksiyonunu

kullanabilirsiniz.
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fi=x->x"2;

4. Adim: Fonksiyonun Grafigini Cizme

Tanimladigimiz fonksiyonun grafigini ¢izmek i¢in asagidaki komutu kullanin:
plot(f(x), x = 0..2, color = blue, title = "Fonksiyonun Grafigi", labels = ["x", "f(x)"]);
5. Adim: Integrali Hesaplama

Belirli bir araliktaki integrali hesaplamak icin int komutunu kullanin. Ornegin, 0 ile 2 arasindaki

integrali hesaplayin:
integral_value := int(f(x), x = 0..2);
6. Adim: Alam Gorsellestirme

Integral, belirli bir aralik altinda kalan alani temsil eder. Bu alam gorsellestirmek icin

fonksiyonun grafigini ve bu araliktaki alani ¢izin.

area_plot := plot(f(x), x = 0..2, color = blue);
area_fill := plot(f(x), x = 0..2, filled = true, color = lightblue);

display([area plot, area_fill], title = "Integral ile Hesaplanan Alan", labels = ["x", "f(x)"]);
7. Adim: Riemann Toplamlari ile integral Kavramini Anlatma

Riemann toplamlar1 kullanarak integral kavramimi agiklamak icin sol, sag ve orta nokta

toplamlarin1 gdsterin.

a. Sol Riemann Toplam

LeftSum(f(x), x = 0..2, partition = 4, output = plot);

b. Sag Riemann Toplami

RightSum(f(x), x = 0..2, partition = 4, output = plot);
c. Orta Nokta Riemann Toplam

MiddleSum(f(x), x = 0..2, partition = 4, output = plot);

5
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8. Adim: Integral Kavramim Dinamik Olarak Anlatma

Integral kavramini dinamik olarak gostermek icin bir animasyon olusturun. Bu animasyon, daha

kiicilik araliklarla integral hesaplamanin nasil daha dogru bir sonug verdigini gdosterecektir.

animate (LeftSum, [f(x), x = 0..2, partition = n, output = plot], n = 2..50, frames = 50, title =

"Dinamik Sol Riemann Toplami1", labels = ["x", "f(x)"]);

animate (RightSum, [f(x), x = 0..2, partition = n, output = plot], n = 2..50, frames = 50, title =

"Dinamik Sag Riemann Toplami1", labels = ["x", "f(x)"]);

animate (MiddleSum, [f(x), x = 0..2, partition = n, output = plot], n = 2..50, frames = 50, title =
"Dinamik Orta Nokta Riemann Toplam1", labels = ["x", "f(x)"]);

Bu adimlari takip ederek, Maple'da integral kavramini anlatan bir simiilasyon olusturabilirsiniz.
Bu simiilasyon, bir fonksiyonun belirli bir araliktaki integralini hesaplama, bu aralik altindaki
alam1 gorsellestirme ve Riemann toplamlari kullanarak integral kavramini agiklama gibi

konulari kapsar.

i} intes :
f=xw22 4

Fonksiyonun Grafigi 47

fx) 2
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> with(plots) :
with(Student| Caleulusl]) :
fi=x—=x"2;
plot(f(x).x=0..2,color=blue.title="Fonksiyonun Grafigi". labels=["x","f(x)"]):
integral_value := int(f(x).x=0.2):
area_plot := plot( f(x).x=0.2, color=blue):
area_fill == plot( f(x).x=0..2.filled= true, color=lightblue):
display([area_plot.area_fill].title="Integral ile Hesaplanan Alan", labels=["x". "f(x)"]):
LeftSum(f(x).x=0.2.partition=4, output = plot):
RightSum( f(x).x=0..2.partition =4, output = plot):
MiddleSum( f(x).x=0..2.partition =4, output =plot):
animate(LeftSum. [ f(x).x=0..2.partition=n, output = plot|.n=2 .50, frames = 50. title="Dinamik Sol Riemann Toplam1". labels= [ "x","f(x)"]):
animate(RightSum. | f(x).x=0..2, partition=n, output =plot|.n=2 .50, frames =50, title="Dinamik Sag Riemann Toplam1".labels=["x","f(x)"]):
animate(MiddleSum. [ f(x).x=0.2.partition=n. output = plot].n=2 .50, frames = 50, title = "Dinamik Orta Nokta Riemann Toplami". labels=["x"."f(x)"]):

Sonug¢

Bu calismada, Maple programi kullanilarak gelistirilmis Dinamik Matematik Ogrenme
Nesneleri araciligiyla integral kavraminin gorsellestirilmesi ve etkilesimli simiilasyonlarla
ogretilmesi, ogrencilerin matematiksel kavramsal anlayisinda olumlu gelismeler saglamistir.
Adim adim tasarim ve uygulama siireci, 6grencilerin soyut integral kavramini somutlastirarak
anlamalarina katkida bulunmus ve kavramlar arasindaki iligkiyi daha net gérmelerini miimkiin
kilmistir. Simiilasyonlar, 6grencilerin 6grenme siireglerinde aktif rol almalarini tesvik ederek,
matematiksel kesif ve problem c¢6zme becerilerini giliclendirmistir. Bu da, 6grencilerin
motivasyonunun artmasina ve derse karsi olumlu tutum gelistirmelerine yol agmistir (Aydogdu,

ersen ve Tutak, 2014; Aydin ve Dogan, 2012; Celik, 2014; Hatisaru ve Erbas, 2013; Lavinia ve
Alexandra, 2014).
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Dinamik 6grenme nesneleri, matematik egitiminde kavramsal derinligi artirmada etkili bir arag
olarak islev gormektedir. Ozellikle Maple tabanli simiilasyonlar, o6grencilerin farkli
entegrasyon senaryolarin1 deneyimleyerek kendi hipotezlerini olusturup test etmelerine olanak
tanimistir. Bu tiir araclarin kullanimi, geleneksel 6gretim yontemlerine kiyasla dgrencilerin
soyut matematiksel kavramlar1 daha hizli ve kalict 6grenmesini desteklemekte, 6grenme
stireglerine yenilik¢i bir yaklasim getirmektedir. Gelecek ¢alismalarda, bu tiir dinamik
nesnelerin farkli matematiksel konulara uyarlanmasi ve 6grenci basarisi iizerindeki etkilerinin
nicel yontemlerle incelenmesi onerilmektedir (Kohen ve Nitzan-tamar 2022; Koppi, Bogle ve
Bogle, 2005; Kutluca ve Baki, 2013a).
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MATLAB'DA FONKSIYON LIMITI VE 3D GRAFIK SIMULASYONU:
MATEMATIKSEL KESIF VE GORSEL ANALIZ

Function Limit and 3D Graph Simulation in Matlab: Mathematical Exploration and

Visual Analysis
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OZET

Bu calisma, Matlab yazilimi kullanarak bir fonksiyonun limitinin ve 3D grafiklerinin nasil
simiile edildigini gostermeyi hedeflemektedir. Simiilasyon, kullanicilarin fonksiyon limitini
matematiksel olarak kesfetmelerine ve gesitli gorsel agilardan 3D grafiklerini detayli olarak
incelemelerine olanak tanir. Matlab'in gii¢lii hesaplama ve gorsellestirme 6zellikleri sayesinde,
fonksiyonlarin limitinin nasil hesaplandigin1 ve grafiklerinin nasil olusturuldugunu gostererek,
matematiksel kesif siirecini destekler. Bu calisma ayrica, 6grencilerin fonksiyonlarn limitini

derinlemesine anlamalarina katkida bulunmay1 amaglamaktadir.

Anahtar Kelimeler: MATLAB Yazilimi, Fonksiyon Limiti, 3D Grafik Simiilasyonu,
Matematiksel Kesif, Gorsel Analiz

ABSTRACT

This study aims to demonstrate how a function's limit and 3D graphics can be simulated using
Matlab software. The simulation allows users to explore the mathematical concept of function
limits and examine 3D graphics from various visual perspectives in detail. Leveraging Matlab's
robust computational and visualization capabilities, it illustrates how function limits are
computed and graphics are generated, thereby supporting the process of mathematical
exploration. Additionally, the study seeks to contribute to a deeper understanding of function
limits among students.
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Keywords: MATLAB Software, Function Limit, 3D Graph Simulation, Mathematical

Exploration, Visual Analysis
Giris

Matematiksel analizde, limit kavrami temel bir rol oynar. Limit, bir fonksiyonun belirli bir
noktaya yaklastik¢a nasil davrandigini anlamak i¢in kullanilir ve bu kavram, kalkiiliistin temel
taglarindan biridir. Limitler, stireklilik, tiirev ve integral gibi daha karmagik matematiksel
konularin anlasilmasinda kritik bir aractir. Matematiksel diisiinme becerilerini gelistirmek ve
bu kavramlari daha derinlemesine kavrayabilmek icin limitlerin gbrsel ve dinamik olarak

sunulmast oldukga faydalidir (Bastiirk, Donmez, 2011; Kohen & Nitzan-Tamar, 2022).

MATLAB, miihendislik ve bilimsel hesaplamalarda yaygin olarak kullanilan gii¢lii bir
yazilimdir. MATLAB''m grafik ve simiilasyon yetenekleri, fonksiyon limitlerinin
gorsellestirilmesi icin ideal bir ortam saglar. Ozellikle 3D grafikler, limit kavramlarinin daha
iyi anlagilmasini destekleyen etkili araclardir. MATLAB 1 bu gorsellestirme kapasitesi,
matematiksel kavramlarin soyut yapisini somut bir sekilde ortaya koyarak, dgrencilerin ve
aragtirmacilarin bu kavramlar1 daha iyi kavrayabilmelerine yardimci olur (Akcay, Tuysuz,
Feyzioglu ve Oguz, 2008; Alam, Raza, Thalji, Abualigah, garay, Alemany-Ilturriaga & Ashraf,
2025; Azevedo, Pacheco, Fernandes & Pereira, 2024).

Fonksiyon limitlerinin 3D grafiklerle simiilasyonu, bu kavramlarin matematiksel analizde nasil
isledigini gorsel olarak gdstermek icin kullanilir. Ornegin, bir fonksiyonun bir noktaya
yaklasirken nasil davrandigini, limitin var olup olmadigini ve limit degerinin ne oldugunu 3D
grafikler aracilifiyla detayli bir sekilde incelemek miimkiindiir. Bu tiir gorsellestirmeler,
ogrencilerin matematiksel kavramlari1 daha iyi anlamalarini saglar(Alroumi, Belforti, Villarroel

&Blanchard, 2024; Akkaya, 2006; Apperson, Laws &Scepansky, 2006).

Fonksiyon limitlerinin 3D simiilasyonlar1, matematiksel egitimde yenilik¢i bir yaklagim saglar.
Geleneksel yontemlerle limitlerin  anlasilmasi bazen zorlu olabilir, ancak dinamik
simiilasyonlar bu kavramlar1 daha erisilebilir hale getirir. Bu, matematiksel egitimde daha etkili
ve etkilesimli ydntemlerin kullanilmasini tesvik eder (Ardig ve Isleyen, 2017; Bastiirk,

Donmez, 2011; Capraro, Kulm & Capraro, 2005).

11
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Gorsel analiz, matematiksel kavramlarin anlagilmasini derinlestirir. 3D grafiklerle fonksiyon
limitlerini incelemek, bu kavramlarin soyut dogasini daha somut ve anlasilir hale getirir. Bu,
ogrencilerin matematiksel diisiinme ve problem ¢dzme becerilerini gelistirmelerine yardimei

olur (Apperson, Laws & Scepansky, 2006; Ardic ve Isleyen, 2017; Bastiirk, Dénmez, 2011).

Sonug olarak, MATLAB ile fonksiyon limitlerinin 3D grafik simiilasyonlari, matematiksel
kesif ve gorsel analizde onemli bir rol oynar. Bu simiilasyonlar, matematiksel teorilerin ve
kavramlarin daha iyi anlagilmasini saglar ve egitimde yenilikci bir yaklasim sunar. Ogrenciler,
Ogretim lyeleri ve arastirmacilar i¢in bu tlir araglar, matematiksel diisiinme ve Ogrenme
stireclerini daha etkili hale getirebilir (Aydin ve Dogan, 2012; Aydogdu, Erisen ve Tutak, 2014;
Giirbiiz ve Ilgaz, 2021).

Amag

Bu calismanin amaci, MATLAB ortaminda fonksiyon limitlerinin hesaplanmasi ve ii¢ boyutlu
(3D) grafik simiilasyonlar1 araciligiyla matematiksel kavramlarin gorsel olarak analiz
edilmesini saglamaktir. Fonksiyon limitleri, matematiksel analizde temel bir konu olup,
ogrencilerin kavrami derinlemesine anlamalari i¢in soyut tanimlarin somutlastiriimasi
gereklidir. MATLAB’1n giiclii hesaplama altyapisi ve gorsellestirme yetenekleri kullanilarak,
limit kavrami hem sayisal hem de grafiksel olarak incelenmekte, kullanicilarin farkli fonksiyon
tiirleri lizerinde interaktif deneyler yapabilmesi hedeflenmektedir. Bu sayede, 6grenenlerin
matematiksel kesif yapma becerileri artirilarak, karmagsik fonksiyon davraniglari ii¢ boyutlu

ortamda daha anlasilir bir sekilde sunulacaktir.
Onem

Limit kavrami, kalkiiliisiin temel taslarindan biri olarak siireklilik, tiirev ve integral gibi ileri
diizey matematiksel konularin anlasilmasinda kritik bir rol iistlenmektedir. Ancak, bu kavramin
soyut dogasi, 6grenciler ve arastirmacilar i¢in 6grenme siirecinde zorluklar yaratabilmektedir.
Bu noktada, DMON’ler araciligiyla MATLAB kullanilarak gelistirilen 3D dinamik
simiilasyonlar, limitlerin gorsel ve etkilesimli bir sekilde sunulmasina imkéan taniyarak
kavramsal anlama siirecini giiglendirmektedir. 3D grafikler sayesinde fonksiyonlarin belirli bir
noktaya yaklasirken sergiledikleri davramislar somutlastirilmakta, bdylece matematiksel
diisiinme, problem ¢dzme ve kesif becerileri desteklenmektedir. Bu yenilik¢i yaklasim, yalnizca

akademik basariy1 artirmakla kalmayip, matematiksel teorilerin gercek yasam uygulamalariyla

12
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iliskilendirilmesini de kolaylastirmakta, egitimde etkililigi ve verimliligi artiran 6nemli bir
ogretim ydntemi olarak one ¢ikmaktadir(Ardic ve Isleyen, 2017; Bastiirk, Dénmez, 2011;
Capraro, Kulm & Capraro, 2005; Apperson, Laws & Scepansky, 2006) .

Bulgular

Bu calismada, MATLAB programi kullanilarak Fonksiyon Limiti ve 3D Grafik konularini
gorsellestiren dinamik bir simiilasyonun tasarlanmasi ele alinmigtir. Fonksiyon limitinin
kavramsal yapisini ve ii¢ boyutlu grafiklerin matematiksel iliskilerini kesfetmeye yonelik
O0grenme nesnesinin olusturulmasi icin gerekli komutlar ayrintili bicimde agiklanmistir. Adim
adim ilerleyen siirecte, kullanici etkilesimi ile fonksiyon parametrelerinin degistirilebildigi,
limit degerinin gorsel olarak izlenebildigi ve 3D grafik iizerinde fonksiyonun davraniginin anlik
olarak gozlemlenebildigi bir simiilasyon gelistirilmistir. Bu sayede, dgrencilerin hem limit
kavramini daha derinlemesine anlamalar1 hem de fonksiyonlarin ii¢ boyutlu uzaydaki temsilini

gorsellestirerek matematiksel diisiinme becerilerini gelistirmeleri hedeflenmistir.

Matlab programinda (f(x) = x>—1/x—1) limitini ve bu limiti gorsellestirmeyi igerir. Kod adim

adim aciklanmistir:

1. Fonksiyonun Tanimlanmasi ve Grafiginin Cizilmesi:

f=@(x) (x"2-1)/(x-1);

x = linspace(0, 2, 1000);

y = f(x);

figure;

plot(x, y, 'b', 'LineWidth', 1.5);
hold on;

xlabel('x');

ylabel(‘f(x)");
title('Fonksiyonun Grafigi');

grid on;
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f fonksiyonu tanimlanir ve x aralig1 iizerinde hesaplanir.
plot komutu ile fonksiyonun grafigi ¢izilir.

Limitin Hesaplanmasi:

syms X_sym:;

f sym=(x_sym”2-1)/(x_sym-1);

limit_value = limit(f_sym, x_sym, 1);
disp(['Lim(x->1) =", char(limit_value)]);

syms komutu ile sembolik degisken x sym tanimlanir.

f sym sembolik fonksiyon tanimlanir ve limit komutu ile x_sym'in 1'e yaklagimindaki limiti
hesaplanir.

disp komutu ile limit degeri ekrana yazdirilir.

3. Sagdan ve Soldan Yaklasan Degerlerin Gorsellestirilmesi:

epsilon =0.01;

x_right =1 + epsilon * [1, 0.1, 0.01];

x_left =1 - epsilon * [1, 0.1, 0.01];

y_right = f(x_right);

y_left = f(x_left);

plot(x_right, y_right, 'ro’, ‘MarkerFaceColor', 'r');

plot(x_left, y_left, 'go’, 'MarkerFaceColor', 'g');

legend('Fonksiyon', 'Sagdan Yaklasan Degerler', 'Soldan Yaklasan Degerler', '"Location', 'Best');
epsilon degeri belirlenir ve bu deger kullanilarak sagdan ve soldan yaklasan degerler hesaplanir.
plot komutlari ile bu degerlerin nokta grafigi ¢izilir.

legend komutu ile grafigin agiklamasi eklenir.

4 Limit Yaklasiminin Dinamik Gosterimi:
figure;
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for epsilon = logspace(-1, -3, 50)
x_right =1 + epsilon;
x_left =1 - epsilon;
y_right = f(x_right);
y_left = f(x_left);
plot(x, y, 'b', 'LineWidth', 1.5);
hold on;
plot(x_right, y_right, 'ro’, 'MarkerFaceColor', 'r');
plot(x_left, y_left, 'go’, 'MarkerFaceColor', 'g');
hold off;
xlabel('x");
ylabel('f(x)");
title(['Lim(x->1) Yaklagimi, epsilon ="', num2str(epsilon)]);
grid on;
pause(0.1);

end

logspace fonksiyonu ile epsilon degeri logaritmik aralikta secilir.Her bir epsilon i¢in sagdan ve
soldan yaklasan degerler hesaplanir ve grafige eklenir. pause komutu ile her iterasyon arasinda
bir bekleme siiresi eklenir, bdylece animasyon tarzinda gosterim elde edilir. Bu adimlar takip
ederek, Matlab'da bir fonksiyonun limitini hesaplayabilir ve bu limitin sagdan ve soldan

yaklasan degerlerle nasil gorsellestirilecegini 6grenebilirsiniz.

15
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&9 Clear Workspace ¥ v @ Clear Commands v | —
RIABLE cooe
itop » File Edit View Insert Tools Desktop Window Help »

mmand Window Dede @ 08| KE
»> f=0x (x.42-1) ./ (x - 1);
>> x = linspace(0, 2, 1000): 2

1.999
1.998
1.997
1.996

1.994

1.993

Interact Directly with Charts L lore

legend('Fonksiyon', 'Saddan Yaklagan Dede ', 'Soldan Yaklagan Dederler', 'Location', 'Best'):

Sonug¢

Bu calismada MATLAB programi kullanilarak tasarlanan fonksiyon limitleri ve 3D grafik
simiilasyonu, 6grencilerin matematiksel kavramlar1 daha somut ve gorsel bicimde anlamalarina
onemli katkilar saglamistir. Dinamik simiilasyon sayesinde Ogrenciler, fonksiyon
parametrelerini degistirebilmis, limit kavramini farkli durumlar altinda deneyimleyerek
kesfetmis ve fonksiyonlarin 1{i¢ boyutlu wuzaydaki davraniglarimi anlik olarak
gozlemleyebilmistir. Bu etkilesimli 0grenme siireci, Ogrencilerin kavramsal anlayisini
derinlestirmis ve matematiksel diisiinme becerilerinin gelismesine olanak tanimistir (Apperson,

Laws & Scepansky, 2006; Ardig ve Isleyen, 2017).

Ayrica, gelistirilmis 0grenme nesnesi, egitim ortamlarinda soyut matematik konularinin
ogrencilere daha erisilebilir ve anlasilir hale getirilmesi i¢in etkili bir arag olarak 6ne ¢ikmustir.
Ogrencilerin 6grenme motivasyonunu artiran ve aktif katilimi tesvik eden bu tiir dinamik
simiilasyonlarin, matematik egitiminde yayginlastirilmast  Onerilmektedir.  Gelecek
caligmalarda benzer uygulamalarin farkli matematiksel kavramlara uyarlanmasi ve etkilerinin

nicel yontemlerle analiz edilmesi faydali olacaktir (Bastiirk, Donmez, 2011; Kohen & Nitzan-

Tamar, 2022).
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ABSTRACT

This study establishes the necessary and sufficient conditions that characterize the type
sequences of certain numerical semigroups determined by five defining integers, and

subsequently derives the corresponding Frobenius number and genus based on these
conditions.

1) Introduction

Let S be asemigroup and Ac S. The smallest subsemigroup of S that includes A is called
the semigroup generated by A. Then the set A is called the set of generators of S and is

denoted as S =(A). In particular, if A={a,,a,,..,a,} =S suchthat a, <a, <...<a,, then
S ={(ay,a,,...,a,)and S issaid to be finitely generated. If there is no smaller set than the
generating set A= {ai, s T an} of S, according to the coverage relation, such that § =

(ay,ay,...,a,), then the set A={a,,a,,...,a,} is called the minimal generating system of S .

Let Nand Z be nonnegative integers and integers, respectively. Let S be subset of N if

i. O0€Ss,
ii. a;+a, €S, forallay,a, €S,

iii.  N\Sis finite ( this condition is equivalent to andgcd(S): greatest common divisor the
element of S).

Then S is called a numerical semigroup ([6,7]).

For a numerical semigroup S, we define the following integers:
F(S) = max{x € Z: x ¢ S} is the Frobenius number of S;

m(S) = min{x € S:x # 0} is multiplicity of S;
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n(S) = Card({0,1,2,...,F(S)} n S) is determine number of S. ([1] )

If S is a numerical semigroup such that S =<aq,a,,...,a, >, then we observe that S =<
ay,0z,..., 0y >={s9 = 0,51,52,...,8n-1,5p = F(S) + 1,=...} where s; < sj4q,n =n(S), and the
arrow means that every integer greater than F(S) + 1 belongs to S, for j = 1,2,...,n = n(S). Here, we
say the number C(S) = F(S)+1 is conductor of S. LetS =<ay,ay,...,a, > be a numerical

semigroup. Then e(S) = p is called embedding dimension of S. It is known that e(S) < m(S). The
numerical semigroup S is maximal embedding dimension (MED) if e(S) = m(S). ([4,5])

Let S be a numerical semigroup and its Frobenius number be F(S).1f F(S)—yeS for vy el \S

, then S is called a symmetric numerical semigroup. Furthermore, it is known that every numerical
semigroup S = <y1, y2> is symmetric.Let S be a numerical semigroup, and let F (S) be its Frobenius

number. A numerical semigroup S is said to be pseudo-symmetric if there exists exactly y = F (S ) /2

suchthat F(S) iseven, ye\Sand F(S)-yeS. (For details [2,7,8]).

The elements in N but not in Sare called gaps of S. The set of all gaps of Sis denoted byH (S).
That is, it is expressed as H(S) = {y € N:y & S}.The number G(S) = Card(H(S)) is called
genus of S. It is known that F(S) + 1 = n(S) + G(S) (For details [1,3,7]).

Let S={0=s,,5,,....5,4,5, = F (S)+1,—>...} be anumerical semigroup, and where F (S) and

n(S) are its Frobenius number and determine number, respectively. We define the sets S, and

S(i) as follows: for 0<i<n(S)=n,

S,={yeS:y>s}
and
S(i)={yel :y+S,cS}.
In this situation
S,cS,,c..cS,cScS(l)c..cS(n-1)=S(n)=1
we get the chain.

Let S={0=5,,5,....5,4,5, = F (S)+1,—...} is a numerical semigroup. The number ¢ =
t(S) = Card(S(1)\S) is called the type of the numerical semigroup S .

Let S={0=5,,5,....5,4,5, = F (S)+1,—..} be a numerical semigroup for 1<i<n(S),
t=t,(S)=#(S(i)\S(i—1)). We obtain the set {tl,tz,...,tn(s)} . This set is called the type

sequence of the numerical semigroup S . Here, t,(S) = t(S) but in general t.(S) ¢t(S (|)) So

20



FERE,
\ CONFERER,
&) &y

¢,

BINGOL 5% INTERNATIONAL CONFERENCE ON APPLIED SCIENCES
September 12-14, 2025 - BINGOL
ISBN NR. : 978-625-5694-34-8

ACADE,
My .

LY
onees

3

we define 2<k < n(S) and t, >t _>1. However, the type sequences of the symmetric and

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

2) Main Results

Teorem 2.1 Let S be a numerical semigroup with n(S) = 5. The positive numbers sequence
{ty,t,, t3, ts, ts} is a type sequence of the numerical semigroup S =
{0,t; + Lty +t, +2,t;+t, +tg+4,t;+t, +tg+t,+ 4,8 +t, +t3+t, +ts+5-...}ifand
onlyifty=t,>t;+2,t,=ts =1 and t; — t3 # 3.

Teorem 2.2 Let S be a numerical semigroup with n(S) = 5. The positive numbers sequence
{tq, t,,t3, ts, ts} is a type sequence of the numerical semigroup S =
0,t;+ Lty +t,+4,t;+t,+tg+ 4t +t, +tg+t,+ 4,8 +t, +t3+t, +ts+5 ... }ifand
onlyift, =t,+3,t3 =t, =1,t, = t.

Teorem 2.3 Let S be a numerical semigroup with n(S) = 5. The positive numbers sequence
{ty, ty, ts, ty, ts} is a type sequence of the numerical semigroup S =
{0,t; + Lty +t, +3,t;+t, +t3+3,t;+ty +tg+t,+4,t, +t, +t3+t, +ts+5-...}ifand
only ift, =t; =3,t, = ts = 1,t; = 7,t, is an odd number.

Teorem 2.4 Let S be a numerical semigroup with n(S) = 5. The positive numbers sequence
{tq, t,, t3, ty, ts} is a type sequence of the numerical semigroup S =
0,t; + Lty +t, +3,t;+t, +t3+3,t;+t, +tg+t,+4,t, +t, +t3+t, +ts+5 ... }ifand
onlyift; =t, +4,t, =3,t, # 4,t3 =3,t, = ts = 1.

Teorem 2.5. LetS ={0,t; + 1, t; +t, + 2, t; +t, +ta + 4ty +t, +ta+ta+ 4,6+t +t3 +
ty +ts + 5 —...}be a numerical semigroup and n(S) = 5 in Theorem 2.1. Then we have

a) F(S)=3t;+4

b) G(S) =3¢,
Proof. LetS ={0,t; + 1,t; + t, + 2, t; +t, +t3+ 4ty + ty b5+t + 4t +ty +t3+t, +
ts + 5 —...}be a perfect numerical semigroup and n(S) = 5in Theorem 2.1. In this case, the
type sequence{t,, t,, ts, t4, ts} 0fShold the conditions t; = t, > t;+ 2,6, =t =1 and t; —
t; # 3.

Giventhat F(S) =t +t, +t3 + t, + ts + 4 and n(S) + G(S) = F(S) + 1, it follows that
GS)=t;+t,+tz3+t,+ts+4+1-5

=t +t, +tz3+t,+ts5

=2t +t3+2(t, =ttty =ts =1)(t3 < t; — 2,t; — t3 # 3)
=24+t —2+2=3t;(tz =t;, — 2)

21



WFER,
Q\,\‘\m Mfr'.r

ACADE,

My P

LY
onees

0

BINGOL 5% INTERNATIONAL CONFERENCE ON APPLIED SCIENCES
September 12-14, 2025 - BINGOL
ISBN NR. : 978-625-5694-34-8

Here, it is clear that G(S) = 3t; from the definition of G (S). On the other hand, we obtain
F(S)=5—1+3t, = 3t, +4since F(S) = n(S) + G(S) — 1.

Teorem 2.6. LetS ={0,t; + L,t; + t, + 4, t; +t, +ts+ 4t +t, +ts+t, + 4,6+t +t3 +
ty + ts + 5 —...}be a numerical semigroup and n(S) = 5 in Theorem 2.2. Then we have

c) F(S) =3t

d) G(S)=3t;—4
Teorem 2.7. LetS = {0,t; + 1,t; +t, +3,t; +t, +t3+ 3ty +t, +tg+t, + 4,6 +t, +t5 +
t, + ts + 5 —...}be a numerical semigroup and n(S) = 5 in Theorem 2.3. Then we have

e) F(S)=t; +12

f) GS)=t,+8
Teorem 2.8. LetS = {0,t; + 1,t; +t, +3,t; +t, +t3+ 3ty +ty +tg+t, + 4,6, +t, +Ht5 +
t, + ts + 5 —... }be a numerical semigroup and n(S) = 5 in Theorem 2.4. Then we have

g) F(S)=2t;+5

h) G(S)=2t; +1
To give an example of the results we have obtained;
Example 2.5 Based on the condition established in Theorem 2.3, if we substitute t; =
7,t, = t; = 3,t, = tg = 1 into the numerical semigroup S, we obtain S =
{0,8,13,16,18,20,—...} = (8,13,18,20,22,23,25,27). For this numerical semigroup, the
Frobenius number is calculated as F(S) = t; + 12 = 7 + 12 = 19 and the genus as G (S) =
t; +8=7+8=15.
In this case, the numerical semigroup S possesses an embedding dimension e(S) = 8 and a
multiplicity m(S) = 8. Thus, S isa maximal embedding dimension (MED) since e(S) =
m(S) = 8..

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

Institute of Science, Department of Mathematics.
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ABSTRACT

In this paper, we present the necessary and sufficient conditions that characterize the type
sequences of certain numerical semigroups defined by five determinants number.

3) Introduction

Let S be asemigroup and Ac S . The smallest subsemigroup of S that includes A is called
the semigroup generated by A. Then the set A is called the set of generators of S and is

denoted as S =(A). In particular, if A={a,,a,,...,a,} =S such that a, <a, <...<a,, then

S ={ay,ay,...,ay)and S is said to be finitely generated. If there is no smaller set than the
generating set A= {ai,az,...,an} of S, according to the coverage relation, such that § =

(ay,ay,...,a,), then the set A= {ai,az,...,an} is called the minimal generating system of S .
Let Nand Z be nonnegative integers and integers, respectively. Let S be subset of N if

iv. 0E€S,
V. a,+a,;€S, forallay,a, €S,

vi.  N\Sis finite ( this condition is equivalent to andgcd(S): greatest common divisor the
element of S).

Then S is called a numerical semigroup. [6,7]

For a numerical semigroup S, we define the following integers:
F(S) = max{x € Z:x ¢ S} is the Frobenius number of S;
m(S) = min{x € S:x # 0} is multiplicity of S;

n(S) = Card({0,1,2,...,F(S)} n S) is determine number of S. ([1] )
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If S is a numerical semigroup such that S =<ay,a,,...,a, >, then we observe that S =<
aq,0z,...,0, >={sy =0, S$1,S2)++)Sn-1,5n = F(S) + 1,-...} where s; <sj;q,n=n(S), and the
arrow means that every integer greater than F(S) + 1 belongsto S, forj = 1,2,...,n = n(S). Here, we
say the number C(S) = F(S)+ 1 is conductor of S. LetS =<ay,ay,...,a, > be a numerical

semigroup. Then e(S) = p is called embedding dimension of S. It is known that e(S) < m(S). The
numerical semigroup S is maximal embedding dimension (MED) if e(S) = m(S). ([4,5])

Let S be a numerical semigroup and its Frobenius number be F (S).1f F(S)-yeS for vy el \S
, then S is called a symmetric numerical semigroup. Furthermore, it is known that every numerical
semigroup S = <yl, y2> is symmetric.Let S be a numerical semigroup, and let F (S) be its Frobenius

number. A numerical semigroup S is said to be pseudo-symmetric if there exists exactly y = F (S ) /2
suchthat F(S) iseven, ye\Sand F(S)—yeS. (For details [2,7,8]).
The elements in N but not in Sare called gaps of S. The set of all gaps of Sis denoted byH (S).

That is, it is expressed as H(S) = {y € N:y & S}.The number G(S) = Card(H(S)) is called
genus of S. It is known that F(S) + 1 = n(S) + G(S) (For details [1,3,7]).

Let S={0=s,,5,,....5,4,5, = F (S)+1,—>...} be anumerical semigroup, and where F (S) and
n(S) are its Frobenius number and determine number, respectively. We define the sets S, and

S(i) as follows: for 0<i<n(S)=n,

S, :{yeS:yzsa}

S(i)=

and

",

yeN:y+8 S}

In this situation

S,c8, c.cScScS(l)c..cS(n-1)cS(n)=N
we get the chain.

Let S={0=5,,5,,....5,4,5, = F (S)+1—>...} is a numerical semigroup. The number ¢ =
t(S) = Card(S(1)\S) is called the type of the numerical semigroup S .

Let S={0=5,,5,....5,4,5, = F (S)+1,— ...} be a numerical semigroup for 1<i<n(S),
t =t,(S)=#(S(i)\S(i—1)). We obtain the set {tl,tz,...,tn(s)} . This set is called the type
sequence of the numerical semigroup S . Here, t;(S) = t(S) but in general t,(S) ;tt(S(i)). So

we define 2<k <n(S) and t, >t, >1. However, the type sequences of the symmetric and

pseudo-symmetric numerical semigroups are {1,1,...,1} and {2,1,1,...,1}, respectively. (For
details see [5]).
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3

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

Teorem 2.1 Let S be a numerical semigroup with n(S) = 5. The positive numbers sequence
{tq, t,, t3, ts, ts} is a type sequence of the numerical semigroup S =
{0,t;+ Lty +t, +2,t;+t, +tg+ 4t +t, +tg+t,+ 4,8 +t, +t3+t, +ts+ 5 ... }ifand
onlyift,=t, >t;+2,t,=ts =1 and t; — t3 # 3.

Proof. Let the sequence of numbers {t,, t,, t3, t4, ts}satisfying the conditions n(S) =
S5andt; =t, > t; + 1,t, = ts = 1landt; — t3 # 3 be a type sequence of a numerical
semigroupS = {0, s, S5, S3, S4, S5, —-.. }.

In this instance,

F(S)=t1+t2+t3+t4+t5+4
S5:F(S)+1:t1+t2+t3+t4+t5+5
S4=F(S)_t5=t1+t2+t3+t4+t5+4‘_t5=t1+t2+t3+t4+4‘

t4=S4_S3—1@S4_S3>F(S)_S4
S3:S4_t4_1:t1+t2+t3+3<:>t1+t2+t3+4>F(S)_S4:ts

SZ:S3_t3_1:t1+t2+2<:>t1+t2+3>F(S)_S3:t4+t5
and

Sl=Sz_t2—1=t1+1@t1+2>F(S)_52=t3+t4+t5+2.

Hence, we obtain the numerical semigroupS = {0,t; + 1,t; + t, + 2,t; + t, + t3 + 4, t; + t, +
ts+t, +4,t;+t, +ts+t, +ts+5-...}

Conversely, consider the numerical semigroup S = {0,t, + 1,t; + t, + 2,t; +t, + t3 + 4, t; +

ty+ts+ty+4,t; +t, +t5+t,+ts+5-...}, inwhich {t, t,, t3, t4, ts} represents a sequence
of positive integers.

i Ifs;<sy,ands, =2s;,=t;+t,+2=2(t; +1) > t; =t, . Inthiscase, s; < s,
and s, = 2s;. Alsos; < s, +t; =2t +t, +t;3+4<t;+t, +2+t; =2t <t —
22t3+2<t; =t,.

ii.  Onthe other hand, s, —s; =1 and from here we find (¢; +t, +t3 +t, +4) —
(ty+t,+t;+4)=1=t, = 1. Finally, sc —s, = 2,5, = s3 + 1land from here we
obtain (t; +t, +t3+t, +ts+5) —(t; +t, +ts+t,+4)=2=>t: = 1.

. t;=>t;3+2=1t —t; =2.Here, t; —t; = 3 cannot be. On the contrary, if t; — t3 =
3 we writet; = t; + 3 = t, , in which case the contradiction F(S) = t; + t; +
(t; —-3)+1+1+4=3t; +3=3(t; +1) =3s; € Sarises. Thent; —t3 =
3cannot be. In the other words, t; — t; # 3 must be.
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The proofs of the subsequent theorems follow by arguments similar to those given above.

Teorem 2.2 Let S be a numerical semigroup with n(S) = 5. The positive numbers sequence
{tq, ty, t3, ty, ts} is a type sequence of the numerical semigroup S =
0,t; + Lty +t,+4,t;+t, +tg+ 4t +ty +tg+t,+4,t, +t, +t3+t, +ts+5 ... }ifand
onlyift, =t,+3,t3 =t, =1,t; = t.

Teorem 2.3 Let S be a numerical semigroup with n(S) = 5. The positive numbers sequence
{tq, ty, t3, ty, ts} is a type sequence of the numerical semigroup S =
{0,t;+ Lty +t, +3,t;+t, +t3+3,t;+t, +tg+t,+ 4,6, +t, +t3+t, +ts+5 ... }ifand
only ift, = t; =3,t, = ts = 1,t; = 7,t, is an odd number.

Teorem 2.4 Let S be a numerical semigroup with n(S) = 5. The positive numbers sequence
{tq, ty, ts, ty, ts} is a type sequence of the numerical semigroup S =
{0,t; + Lty +t, +3,t;+t, +t3+3,t;+ty +tg+t,+4,t, +t, +t3+t, +ts+5-...}ifand
only ift; =t, +4,t, >3,t, # 4,t3 =3,t, = ts = 1.

To give an example of the topics we have obtained,;

Example 2.5 Consider the numerical semigroup S = (6,17,20,21,22,25) =
{0,6,12,17,18,20, -... }. In this case, the Frobenius number is F(S) = 19, the determine
number is n(S) = #({0,1,2,...,19} n S) = #({0,6,12,17,18}) = 5, and the conductor of S is
C(S) = 20. Furthermore, the set of gaps of the numerical semigroup S and its genus are,
respectively, as follows:

H(S)={yeN:yeS}={,2.34,5,7,89,10,11,13,14,15,16,19} and
G(S)=#(H(S))=15.

The numerical semigroup S has an embedding dimension of e(S) = 6 and a multiplicity of
m(S) = 6. Consequently, a numerical semigroup S is said to have maximal embedding
dimension (MED) if its embedding dimension equals its multiplicity, that is, e(S) = m(S).
Finally, let us determine the type sequence of the given numerical semigroup in order.

Let

S(0)=S,={yeS:y=5s,}=S5

S ;={yvesS:y=>6}=1{612,17,18,20,-...}
S ={yeN:y+S5, cS5}={0,6,11,12,14,15,16,17,18,19,20, -...}
and note that the numerical semigroup S has type
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0

f=1(S)=#(S(1)\S)=#({11.14,15,16,19}) =5,

S, ={y€eS:y>12}={12,17,18,20,-...}

S2)={yeN:y+S5,cS}={05,6,8910,11,12,13,14,15,16,17,18,19,20, —>... }
and note that the numerical semigroup S has type

r, =#(S(2)\S(1))=#({5.8,9,10,13}) =5.

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

Moreover, according to the condition stated in Theorem 2.1, lett; =t, =5,t;3 =3 t, = ts =
1, t; — t3 # 3. Consequently, we obtain the numerical semigroup S = {0,6,12,17,18,20,-...} =
(6,17,20,21,22,25), and then express the corresponding type sequence as {5,5,3,1,1}.

In this case, the type of S indicates that S is not symmetric, since F(S) —11=19—-11=8¢ S

for t; = #(S(1)\S) = #({11,14,15,16,19}) = 5 and 11 € Z\S. Moreover, S is not pseudo-
symmetric, as its Frobenius number is F(S) = 19, which is odd.

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

Institute of Science, Department of Mathematics.
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THE pH EFFECT ON THE MORPHOLOGY AND SIZE OF ZINC OXIDE NANO
STRUCTURES

Akram Hosseinian*

“School of Engineering Science, College of Engineering, University of Tehran,
P.O. Box 11365-4563, Tehran, Iran

E-mail: Hoseinian@ut.ac.ir

ABSTRACT

Transition metal oxides with nanostructure have attracted considerable interest in many areas
of chemistry, physics and material science. Among different metal oxides, Zinc Oxide that has
a direct wide band gap (3.37 eV) and a large exciton binding energy (60 meV) is an important
basic material because of its numerous applications. It is widely used in many fields, such as
solar cells, gas sensors, antibacterial agent, varistors, catalyst and photocatalyst, and so on. So
far, many methods for the synthesis of ZnO nanostructures have been developed, such as
hydrothermal, solvothermal, microwave, sonochemical, solid state, and solution-gelation.
Among these procedures, hydrothermal synthesis is a wet chemical method and has been used
for the synthesis of metal oxides with high purity. In this study, we were synthesized ZnO
nanostructures, via hydrothermal method in three pH values through wuse of
polyvinylpyrrolidone as a surfactant. The samples were characterized by field-emission
scanning electron microscopy, X-ray powder diffraction, and Fourier transform infrared
spectroscopy. By adjusting the pH, highly pure rodlike and cubiclike nanostructures with
controllable shapes of ZnO were obtained under acidic, neutral, and alkaline conditions.
Interestingly, pH plays an indispensable role in the morphology and size of the ZnO
nanostructures. Performance of the synthesized samples in photodegradation of Congo red dye
was inspected in an aqueous solution and the ZnO nanostructures, which were synthesized in
alkaline pH show the best results for heterogeneous destruction of azo dye. We evaluated
photocatalytic degradation of Congo red as an environmental pollutant under UV irradiation

and in the presence of ZnO nanostructures

Keywords: Zinc Oxide, Nanostructures, pH, Hydrothermal, Morphology.
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1. INTRODUCTION

Among different metal oxides, Zinc (I1) oxide that has a direct wide band gap (3.37 eV) and a
large exciton binding energy (60 meV) is an important basic material because of its numerous
applications. It is widely used in many fields, such as solar cells, gas sensors, antibacterial agent,
varistors, catalyst and photocatalyst, and so on. So far, many methods for the synthesis of ZnO
nanostructures have been developed, such as hydrothermal, solvothermal, microwave,
sonochemical, solid state, and solution-gelation. Among these procedures, hydrothermal
synthesis is a wet chemical method has been used for the synthesis of metal oxides with high
purity.

In general, the hydrothermal method refers to a homogenous reaction in aqueous or non aqueous
solution under pressure higher than atmospheric pressure and temperature higher than ambient
temperature in a closed system and in this condition, the powders with well crystallization and
nanometer size could be achieved.

ZnO nanostructures indicate wide range of physical, chemical and electronic properties. The
morphology and shape of these materials have a great influence on their performances. By
adding suitable surfactants to the reaction mixture, the size and morphology of the ZnO
nanostructures can be controlled.

In addition, the pH of the synthetic solution is one of the important parameters that affects the
growth rate and also shape of the nanostructures. Therefore, in this research, the role of pH
factor on the morphology of ZnO nanostructures in the presence of polyvinylpyrrolidone (PVP)
as a surfactant via hydrothermal method has been evaluated.

In recent years, zinc oxide has been widely used as a photocatalyst, due to its high activity, low
cost, and environmental friendliness. Thus, photocatalytic efficiency of the ZnO nanostructures

prepared at three pH values were evaluated using Congo red dye as a pollutant compound.

2. MATERIAL AND METHODS

2.1. Collection and preparation

All reagents were purchased from Merck chemical company and used without further
purification and distilled water was used as solvent for the synthesis of ZnO nanostructures
and photocatalytic reactions.

The morphology and shape of the samples were observed via a field-emission scanning electron
microscopy (FESEM). The X-ray diffraction patterns of the nanostructures were recorded on a

Philips Xpert diffractometer. FT-IR spectra were obtained on a NICOLET IR100 spectrometer
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in a KBr matrix. The pH values of the synthetic solutions were measured by pH-meter
(Metrohm 744). Photocatalytic experiments were performed in open Pyrex vessel of 50 mL

capacity. The radiation source, a UV lamp (Shimadzu UV 2100, manufactured by Philips.

2.2. Synthesis of ZnO nanostructures

The ZnO nanostructures were synthesized according to the procedure described by Bai et al.
with little change. Accordingly, 2.5 g of zinc chloride was dissolved in 100 mL distilled water
and then a hydrochloric acid solution was slowly added under stirring until the solution became
transparent. In the next step, a sodium hydroxide solution was slowly added into this solution
under stirring to adjust the pH (pH 5, 7, and 12) use of pH meter.

Then, the resulting white powders were added to the solution of dissolved PVP in 100 mL
distilled water (molar ratio of ZnCl, and PVP was 1:0.5). The photocatalytic experiments were
done at ambient temperature and during irradiation, agitation was maintainedby a magnetic
stirrer to keep the suspension homogeneous. For keeping the reaction mixture saturated with
oxygen, air was blown into the solution by an air pump during the reaction time.

The reaction mixture was stirred in the dark for 10 min to set the adsorption/desorption
equilibrium on the semiconductor surface. Then, the UV lamp was switched on to initiate the
photocatalytic reaction. By using UV-Vis spectrophotometer the degradation of Congo red was
monitored as a function of irradiation time and measured based on absorbance changes of

Congo red.

2.2. Analysis technique

The morphology and shape of the ZnO nanostructures in two scales (500 nm and 1 mm) has
been illustrated in Figure 1. As can be seen, the morphology of the obtained ZnO nanostructures
strongly depends on the pH values of the synthetic solution.

Rodlike morphology of the zinc oxide with irregular dimensions were formed in acidic
condition (pH D 5). When the pH value was increased to neutral, ZnO nanorods became more
uniform with more regular dimensions and finally in an alkaline condition (pH D 12), the shape
of the nanorods tended toward cubiclike morphology.

According to the results, with increasing amount of hydroxide ions in synthetic solution the
length and diameter of the nanorods have decreased and so a cubiclike morphology was

obtained.
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Figure 1. FESEM images of ZnO nanostructures in two scales: (a) pH D 12 (500 nm), (b) pH D 12 (1 mm), (c)
pH D 7 (500 nm), (d) pH D 7 (1 mm), (e¢) pH D 5 (500 nm), (f) pHD 5 (1 pm).

Figure 2 depicts the XRD patterns of the synthesized samples. According to the results of the
diffraction patterns, all diffraction peaks of the samples can be shown as hexagon wurtzite
structure of ZnO with space group (C6V D P63mc) and lattice parameters of a D b D 3.49822
Aand ¢ D 5.20661 A° which are in agreement with the reported data by the JCPDS file (Zincite,
JCPDS 36-1451). Generally, the sharp diffraction peaks indicate the good crystallinity of the
prepared crystals. Therefore, the XRD results confirm that the synthesized nanostructures in
this study are ZnO with good crystallinity. Based on the FESEM and XRD results, in alkaline

condition the growth rate of nanostructures was uniform in three directions.

aon
(100) 002,

M9 ae
pH=12 092 Qo)
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Figure 2. X-ray diffraction patterns of ZnO nanostructures prepared at three pH values.
PVP (CeHgNO)s is a nonionic surfactant and composed of the monomer N-vinylpyrrolidone.

This surfactant in the presence of water molecules through the CHO groups are involved in

hydrogen bonding and then it forms a chain that can lead to rodlike morphology (Scheme 1).
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Presumably, in alkaline pH, the high concentration of hydroxide ions can prevent the elongation
of PVP chains and thus cubiclike morphology of ZnO is predictable.

%/q )o g

Scheme 1. Schematic structure of hydrogen bonding interaction between water molecules and
monomers of PVP.

The FTIR spectra of ZnO nanostructures that were synthesized in three pH values are shown in
Figure 4. The bands at 3300-3400 cm;jl correspond to the O—H mode of vibration, which
indicates the presence of small amount of water adsorbed on the ZnO nanostructures surface.
A strong band at 425 (pH D 12) and 519 ¢cm;1 (pH D 5, 7) is attributed to the Zn-O stretching
band.

In this work, peak position corresponding to the ZnO was different in alkaline pH compare to
acidic and neutral conditions because the size of ZnO nanostructures has been changed in
alkaline condition. The results obtained are consistent with other studies. Thus, the results
obtained from FTIR spectra are in agreement with the data from the XRD pattern and FESEM
images. It is noteworthy to mention that no characteristic peak of PVP is observed on the FTIR
spectra of the ZnO nanostructures.

(@)
"~

| ®

Transmittance %

400 1400 2400 3400

Wavenumbers (cm™ )

Figure 4. FT-IR spectra of ZnO nanostructures: (a) pH D 12, (b) pH D 7, (c) pH D 5.

3. RESULTS AND DISCUSSION
Results show that, the photocatalytic efficiency of the ZnO nanostructures synthesized in

alkaline condition could distinctly reduce the degradation time compared to the literatures
(Table 1).

Table 1. Comparison of the photocatalytic activity of different ZnO nanostructures.
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Pollutant Time Photodegradiation
compound Photocatalyst Ref. (min) effeciency (%)

Congo red Present study 10 97
Methyl orange Zn0/(La, 5r) Co03 (Zn0/LSCO) 37, 470 94

(38] 100 59.63
(39] 60 95.02
40 40 90

41 30,120 63.30, 96.08
(30} 40 979

The mechanism of ZnO-photocatalyzed reactions has been a subject of extensive research.

ZnO + hv — e ¢cg+ h'yp (1)
dye + h"yp— Oxidation of dye (2)
hvs+H:0— OH + H' 3)
W ys+OH™ — OH ) e+ 02— OF (6)
OH’ +Dye — Oxidation of Dye (5) 0,7+ Dye— Dye — 00°~ (7)

Studies show that there are close relationship between the morphology and size of ZnO
nanostructures and their photocatalytic activity. ZnO nanostructures that were synthesized at
pH D 12 have a well uniformity in shape and size compare to acidic and neural pH. Hence, the
best result in dye removal is anticipated for alkaline condition that the data obtained also
confirm this prediction.

CONCLUSIONS

In brief, ZnO nanostructures were successfully prepared via the hydrothermal process in pH D
5, 7 and 12 and also the photocatalytic efficiency of them were investigated. From experimental
results obtained in this research, it can be concluded that the pH plays a significant role in the
determination of morphology and size of the nanostructures. Results show a decrease in the
length and diameter of ZnO nanostructures as the pH is increased. The synthesized ZnO
nanostructures showed good activity in dye removal and the best results obtained in alkaline
pH.
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SYNTHESIS OF NEW Fe304@ S102-PANI CORE/SHELL NANOCOMPOSITE

WITH BI- FUNCTIONAL EFFECTS

Akram Hosseinian*

“School of Engineering Science, College of Engineering, University of Tehran,
P.O. Box 11365-4563, Tehran, Iran

E-mail: Hoseinian@ut.ac.ir

ABSTRACT

PANI is a very popular conducting polymer because of its easy synthesis, low-cost monomer,
high stability, its adjustable characteristics comparing other conducting polymers and its
countless usage in different industries is interesting. The electronic industry is one of the
industries in which PANI has many applications in making solar cells. One type of solar cell
is polymeric solar cell (PCE) which according to the photovoltaic process in its active layer the
absorbed sunlight was converted into electric energy. The output of electric energy in these
materials is very important. Recently, reported molecular design schemes have shown to the
generation of two triplets from alone singlet state (singlet fission) as a promising trend for the
generation of multi-excitons in organic systems. In other words, it seems that characteristics of
electric conduction which is suitable for PANI can have a very important role in the output of
the producing electric energy in these system. Among the shell materials, polyaniline (PANI)
is one of the most widely studied conducting polymers due to its unique electrical property,
easy preparation and high environmental stability. In addition, PANI has numerous amino
groups as anchor sites for metal ions, which prevent them from aggregation. The new Fez0s@
SiO2-PANI nanocomposite was prepared and characterized by field-emission scanning electron
microscopy, X-ray powder diffraction, TG analysis, XPS, UV-Vis and Fourier transform
infrared spectroscopy. We employed paramagnetic * H NMR techniques for characterization of

Fe304@ SiO2-PANI and investigated its application for catalytic oxidation.

Keywords: FesOs@ SiO.-PANI, Nanocomposite, TG analysis, XPS, UV-Vis.
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1. INTRODUCTION
Among the shell materials, polyaniline (PANI) is one of the most widely studied conducting
polymers due to its unique electrical property, easy preparation and high environmental
stability.

PANI is a very popular conducting polymer because of its easy synthesis, low-cost monomer,
high stability, its adjustable characteristics comparing other conducting polymers and its
countless usage in different industries is interesting.

The electronic industry is one of the industries in which PANI has many applications in making
solar cells. One type of solar cell is polymeric solar cell (PCE) which according to the
photovoltaic process in its active layer the absorbed sunlight was converted into electric energy.
The output of electric energy in these materials is very important.

Recently, reported molecular design schemes have shown to the generation of two triplets from
alone singlet state (singlet fission) as a promising trend for the generation of multi-excitons in
organic systems. In other words, it seems that characteristics of electric conduction which is
suitable for PANI can have a very important role in the output of the producing electric energy
in these system. In addition, PANI has numerous amino groups as anchor sites for metal ions,
which prevent them from aggregation.

From the atom economy view, the synthesis of core—shell NPs with a cheap metal core and a
noble metal shell is favorable. To the best of our knowledge, in the field of fuel cell
electrocatalysts, no example of loaded coreshell decorated with metal NPs which exhibit

electrocatalytic activity toward fuel molecules electrooxidation has been reported to date.

2. MATERIAL AND METHODS

2.1. Collection and preparation

Aniline, ferric chloride hexahydrate (FeCls.6H-0), trisodium citrate dehydrate, sodium acetate
(NaAc), ethylene glycol (EG), tetraethyl orthosilicate (TEOS), ammonium peroxodisulfate
(APS), polyvinylpyrolidone (PVP) 65 000 Da, sodium hydroxide (NaOH), nickel (Il) sulfate
(NiSOg4, sodium dodecyl sulfate (SDS), acid chloride (HCI 37%) and sodium borohydride were
purchased from Merck Chem. Co. Aniline was distilled under reduced pressure and stored in

dark under nitrogen. All other chemicals were used as received without any further purification.

2.2. Analysis technique
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IR spectra were recorded on a Bomem MB-Series FT-IR spectrophotometer. Transmission
electron microscopy (TEM) analyses were performed by LEO 912AB electron microscope.
Ultrasonic bath (EUROSONICr 4D ultrasound cleaner with a frequency of 50 kHz and an
output power of 350W) was used to disperse materials in solvents. Thermogravimetric analysis
(TGA) was carried out using STA 1500 instrument at a heating rate of 10°C min™ in air. X-ray
powder diraction (XRD) data were collected on an XD-3A diractometer using CuK radiation.
XPS analysis was performed using a VG multilab 2000 spectrometer (ThermoVG scientific) in
an ultra high vacuum. *H NMR spectra were recorded with a BRUKER DRX-300 AVANCE
spectrometer, and DMSO or CDCl3 were used as solvents. UV-Vis spectra were obtained using
a Shimadzu UV-2100 spectrophotometer. SEM-EDX was performed on a Hitachi SEM S-520,
An EDX-Oxford Link ISIS-300 instrument was used to determine the iron content in the

sample.

2.3. Synthesis and coating of the FesO4 with silica

Fe304 nanoclusters were synthesized according to the previous literature. Typically, FeCls (0.65
g, 4.0 mmol) and trisodium citrate (0.20 g, 0.68 mmol) were dissolved in EG (20 mL),
afterward, NaAc (1.20 g) was added with stirring. The mixture was stirred vigorously for 30
min and then sealed in a Teflon-lined stainless-steel autoclave (container volume %80 mL). The
autoclave was heated at 200°C and maintained for 10 h, and then allowed to cool to room
temperature. The obtained FesO4 particle suspension was washed successively with H,O and
EtOH three times and then dried in a vacuum oven for 12 h at room temperature. For coating
of FesO4 with silica, 1.0 mL as-prepared FesO4 nanocluster solution (containing 8.0 mg FezO4
was dispersed into the mixture of deionized water (10.0 mL), ethanol (35.0 mL) and NH3.H20
(1.0 mL). After ultrasonic for 10 min, a certain amount of TEOS was quickly added into the
system. The reaction was allowed to proceed with stirring for 8.0 hat room temperature. Finally,
the products were separated by magnet and washed by deionized water for the next step.

2.4. Preparation of FesO4s@SiO2-PANI Nanocomposite

To prepare Fe304@SiO2-PANI composites, PVP was initially grafted on the surface of
magnetite coating with silica. In a typical procedure, 0.1 g FesOs@SiO2 was dispersed in 20
mL ethanol. 0.25 g PVP was added to this solution by ultrasound for 30 min. The suspension
was stirred for 24 h to ensure that the surface of the FesO4@SiO2 was adequately adsorbed by

PVP. Unadsorbed PVP was removed by magnetic separation. The precipitate was washed with
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deionized water for four times and directly applied for polymerization step. The PVP grafted
Fe304@SiO2 composites were dispersed into 125 mL deionized water by ultrasound. After 30
min, aniline (3 mmol) in the presence of concentrated HCI (250 mL) was added into the mixture
at room temperature. The solution was shaken for 12 h at room temperature. Then, H>O (100
mL) was added to the mixture, followed by ultrasonication (1 h at room temperature). After an
hour, an aqueous solution of APS (3.0 g of APS in 100 mL of H.O) was added into the above
mixture instantly to start the oxidative polymerization under ultrasonic irradiation, and the
reaction was allowed to proceed for 2 h at room temperature.

After the reaction, the precipitate was magnetically separated and washed successively with
H>0 and EtOH three times. The final product was dried in vacuum for 12 h at room temperature

to obtain the desired Fes04@SiO2-PANI core/shell nanocomposite.

3. RESULTS AND DISCUSSION

The FT-IR spectra of Fe304 magnetic particles, Fe304@Si02, Fe304@SiO2-PANI, yolk-
shell Fe304- PANI are presented in Figs. 1(A)-1(D), respectively. FT-IR spectrum of the
magnetite particles obtained with Na3Cit [Fig. 1(A)] shows absorption bands at 1630 cmZland
1413 cm1 which are attributed to carboxylate, demonstrating the existence of carboxyl groups.
Typical band assigned to the Fe—O stretching is visible at around 580 cm1.

Fig. 1. FT-IR spectra of the as-prepared FesO4 (A), Fes04@SiO2 (B), Fes0s@SiO2-PANI (C).
The bands at 1081 cm™ and 3392 cm™ are ascribed to the C—H vibrating and O—H vibrating,
respectively. On the spectrum of Fes04@SiO. composites [Fig. 1(B)], the peaks at 575 cm-
land 459 cm™ are due to the stretching mode of Fe—O. The band at 1087 cm™ is related to Si—
O-Si stretching vibrations of SiO; shell. A peak at 1650 cm™ is assigned to the pyrrolidone
carbonyl group on PVP chains, which presents PVP has been successfully grafted on the surface
of SiO2 shell. From Fig. 1(C), for Fe304s@SiO2-PANI composites, the characteristic peaks of
PANI peaks have been overlapped with the SiO, peaks. The absorption peak of Si—O-Si

vibration at 1087 cm™ has been omitted, indicating the middle SiO shell is completely etched
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and the peaks of PANI appeared at approximately 1591 cm™, 1286 cm™, 1152 cm™ and 827
cm™* which are similar to that of the pure PANI sample, which supports that the PANI shell is
successfully synthesized.

We employed paramagnetic *H NMR techniques for characterization of core-shell FesO4-PANI
(Fig. 2). Since a modified solvothermal approach was used to synthesize highly water-
dispersible magnetite particles, the core -shell Fe3Os-PANI had an excellent dispersibility
which allowed us to obtain *H NMR which is shown in Fig. 2. DMSO-d6 was used as solvent
that the residual DMSO-d5 and water *H NMR signals are observed at 2.50 ppm and 3.35 ppm.
The broad peak at about7:029 is assigned to the NH protons of the PANI.

Fig. 2. 1 H NMR spectrum of the core -shell Fes0s-PANI in DMSO-d6.

Figure 3 shows the XRD spectra of FesOs4, FesOs@SiO2-PANI. The pattern of the as-
synthesized magnetite particles is shown in Fig. 3(A) which exhibits six characteristic
diffraction peaks appeared at 2e= 29.85, 35.43, 43.07, 56.96, 62.67 and 74.21 related to (220),
(311), (400), (511), (440) and (622) Bragg diffractions of face centered cubic structure FesO4
core. The XRD pattern of Fes0s@SiO2-PANI shows an additional broad peak about 26= 23.8
because of amorphous silica shell [Fig. 3(B)]. As can be observed in the XRD pattern of the
core -shell Fe304-PANI [Fig. 3(C)], the peak at 23.8 was disappeared due to the removing of
silica intermediate shell. It is notable that after being coated with PANI and etching process,
the main reflections of XRD patterns are similar to that of Fe304, demonstrating that the crystal
structure of Fe3O4 is well maintained.
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Fig. 3. XRD pattern of FesO4 (A), Fes0s@SiO2-PANI (B), core -shell FesO4-PANI (C).
TG analysis of magnetite particles [Fig. 4(A)] shows a weight loss of about 6.1 wt.% in the
range of 100— 800°C, implying the presence of organic species. Figure 4(B) shows the TGA
curve of FesO4@SiO2- PANI in which two-stage weight losses are observed. The first stage in

the temperature range from room temperature to 250°C is related to the elimination of moisture

and dopant anions in the samples. The major weight loss from 300°C to600°C is attributed to
thermal degradation of the PANI chains.

vl Omsanll iy %

=

Temprmwe-[4]

Fig. 4. TGA curves of Fe304 (A), Fes0s@SiO2-PANI (B), core -shell FesO4-PANI (C).

g

Fig. 5. UV-Vis spectra of Fe3O4s@SiO2-PANI (A), core -shell Fez0s-PANI (B)
Figure 5 shows the UV-Vis absorption spectra of FesO4@SiO- (A), the core -shell FesOs-PANI
(B). In the spectrum of Fe3O4s@SiO>, a broad featureless peak can be seen at a wavelength of
about 390 nm which confirms the core—shell Fe3O4s@SiO, and may result from the Fe—O-Si

bonds of the core—shell particles. The peak of 350 nm in Fig. 5(B) is based on the n— m*
transition of the phenyl ring of the core -shell FesOs- PANI.

42



L CONFERE
8 D

0,

ACADE,
My P
8
onees

BINGOL 5" INTERNATIONAL CONFERENCE ON APPLIED SCIENCES

September 12-14, 2025 - BINGOL
T ISBN NR. : 978-625-5694-34-8

The morphological analyses of core -shell FesOs- PANI were investigated using SEM [Fig. 6].
As we can see, the core-shell FesOs- PANI sample is composed of uniform particles with
cautioner shape and spherical morphology. It is clear that the composites are constituted of two
distinct components: the black cores of FesO4 and the gray shells of PANI. The absence of
metal NPs aggregation increases more electrochemical active sites on the surface of the
electrode, thus, the electrochemical performances was improved.

In addition, the results show that the metals NPs with uniform size densely distribute not only
on the outer surface but also on the inner surface of PANI shell. A large amount of amino groups

in PANI shell is beneficial for increasing the loading and preserving the dispersion of metal
NPs.

Fig. 6. The SEM images of the core-shell Fez;04@SiO2-PANI

® & -@
_

o Eale@i0; FesO4@SiO-PANI

Fig. 7. Preparation of core -shell FesOs@SiO2 -PANI
CONCLUSIONS
For the first time, FesO4@ SiO2-PANI nanocomposite was prepared and characterized by field-
emission scanning electron microscopy, X-ray powder diffraction, TG analysis, XPS, UV-Vis
and Fourier transform infrared spectroscopy. We employed paramagnetic  H NMR techniques

for characterization of FesOs@ SiO.-PANI and investigated its application for catalytic
oxidation.
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A NOVEL HYBRID OF ZIF-67 METAL -ORGANIC FRAMEWORK

AND RGO NANOSHEETS
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ABSTRACT

Over the last decade, graphene nanosheets have gained increasing attention due to their high
specific surface area, amazing thermal, mechanical and electronic properties. However,
enormous studies have been owed to understanding wonderful properties of graphene-based
materials over the recent years. However, the graphene nanosheets suffer from permanent
restacking of the individual graphene nanosheets which make a large portion of the surfaces of
graphene nanosheets inaccessible for charge storage and electrolyte diffusion and limit their
applications. Recently, metal-organic frameworks have gained increasing attention and have
been used in many fields of science as a novel class of nanoporous materials due to their high
surface area, adjustable pore sizes and open metal sites. These porous materials containing
metal clusters linked by poly-functional organic linkers. By changing the size, geometry and
functionality of the components, more than 20,000 different metal—organic frameworks have
been synthesized and studied over recent years. Between various MOFs, ZIFs, a subclass of
porous metal-organic frameworks, with transition metal centers (Co, Cu, Zn, etc.) linked by
imidazole ligands have gained increasing attention in recent years for various applications.
However, these porous materials suffer from low electrical conductivity, electroactivity and
stability which limits their use in electrochemical applications. Herein, we present a novel
hybrid of ZIF-67 and rGO nanosheets by a simple ultra-sonication assisted method. This new
and facile method has many advantages such as simplicity, availability and also can be used for
preparation of various hybrid of MOFs/rGO. XRD, FE-SEM ,EIS and Electrochemical
measurements were done.

Keywords: Metal-organic frameworks, Hybrid, ZIF-67, rGO, nanosheets.
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1. INTRODUCTION

Recently, metal-organic frameworks (MOFs) have gained increasing attention and have been
used in many fields of science as a novel class of nanoporous materials due to their high surface
area, adjustable pore sizes and open metal sites. These porous materials containing metal
clusters linked by poly-functional organic linkers. By changing the size, geometry and
functionality of the components, more than 20,000 different MOFs have been synthesized and
studied over recent years. Between various MOFs, ZIFs, a subclass of porous MOFs, with
transition metal centers (Co, Cu, Zn, etc.) linked by imidazole ligands have gained increasing
attention in recent years for various applications.

However, these porous materials suffer from low electrical conductivity, electroactivity and
stability which limits their use in electrochemical applications. Introducing of high conductive
materials with remarkable mechanical strength such as graphene and CNT or carbonization of
the metal-organic framework could be solution routes for conquering this problem. The
carbonization procedure is an energy-consuming route which limits its application in large-
scale synthesis. Some attempts are reported for increasing the capacitance performance of ZIF-
based nanostructures and nanocomposites.

Over the last decade, graphene nanosheets have gained increasing attention due to their high
specific surface area, amazing thermal, mechanical and electronic properties. However,
enormous studies have been owed to understanding wonderful properties of graphene-based
materials over the recent years. However, the graphene nanosheets suffer from permanent
restacking of the individual graphene nanosheets which make a large portion of the surfaces of
graphene nanosheets inaccessible for charge storage and electrolyte diffusion and limit their
applications. Herein, we present a novel hybrid of ZIF-67 and rGO nanosheets by a simple
ultra-sonication assisted method. This new and facile method has many advantages such as
simplicity, availability and also can be used for preparation of various nanocomposites of
MOFs/rGO.

2. MATERIAL AND METHODS

2.1. Synthesis of ZIF-67

In a typical synthesis, Co(NOz3)2-:6H20 was dissolved in water; then 2-methylimidazole and
triethylamine were dissolved in water. These two solutions were mixed with each other and

stirred for 15 min at room temperature. The color of the solution changed from the milky to
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purple. The obtained precipitate was centrifuged and redispersed in water for 10 h. After that,
the resulting precipitates were collected by centrifuging, washed three times with water, and
finally dried at 100 °C for 20 h under vacuum.

2.2. Synthesis of graphene oxide and reduced graphene oxide

Graphene oxide (GO) was synthesized according to the Hummers method . For the preparation
of rGO, GO powder (was ultrasonicated in water for 10 min. After that, the mixture was
continually stirred by the addition of adequate amounts of hydrazine monohydrate as reducing

agent for 20 h at 100 °C. The resulting rGO has been dried at 50 °C overnight under vacuum
condition.

2.3.Synthesis of rGO/ZIF-67 nanocomposite

The rGO/ZIF-67 composite was prepared by a facile ultrasonic route at room temperature. GO
was dispersed in ethanol/DI1 water under sonication for 40 min, and ZIF-67 was added directly
into the above suspension and sonicated for another 30 min. Subsequently, the resulting
products were collected by centrifugation, washed with ethanol, and dried at 100 °C in air. (The
GO content was about 25% by mass and selected based on the Zhang et al. work.

3. RESULTS AND DISCUSSION

The powder XRD pattern of the crystal structure and purity of the as prepared sample is shown
in Fig. 1. Some sharp peaks at 20=5-20° are observed in the XRD pattern of ZIF67, indicating
that a highly crystalline material is obtained. The XRD pattern of the experimental ZIF-67 in
the present work is in good agreement with XRD patterns from the single crystal data of ZIF-

67. The difference of peak intensity is related to the crystal preferred orientation .

|
ik,

]
» s w0 “ “
» 1°2 Thets|

wsition [°2 Thets] (cobalt (Co))

Fig. 1 XRD patterns of the as prepared ZIF-67
After preparation of ZIF-67, we used it as a precursor for the synthesis of rGO/ ZIF-67 by
simple mixing of the suspension of these two materials under ultrasound waves for totally 1 h.
For rGO/ ZIF-67 (Fig. 2), the diffraction peaks are mostly consistent with ZIF-67 because the
diffraction peaks of rGO compared with those of the ZIF-67 are too weak to be observed in the

composite at this scale. The strong and sharp diffraction peaks in the XRD pattern of the
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composite indicate that the ZIF-67 is well crystallized and retains its pristine crystalline
structure during the synthesis of the composite.

600
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Fig. 2 XRD patterns of the rGO/ZIF-67 composite
Figure 3 shows field emission scanning electron microscopy (FESEM) image of the ZIF-67.
According to SEM micrograph, it is revealed that ZIF-67 is well-shaped, hexagonal
nanocrystals with an average particle size of about 500 nm. One of the major challenges for
using MOFs in electrochemical energy storage devices is low electrical conductivity of these
precursors. For overcome such a problem, various carbonaceous materials could be used.

Among various carbon materials, carbon nanotubes and graphene have great attention due to
their high specific surface area and high electrical conductivity.

Fig. 3 FE-SEM image of the as prepared ZIF-67
Further characterization of the composite was performed by FE-SEM analysis. Figure 4 shows
FE-SEM image of rGO/ZIF-67, indicating the nearly homogeneous distribution of ZIF-67 on
the rGO nanosheets which make it suitable for electrochemical applications.

Fig. 4 FE-SEM image of the rGO/ZIF-67 composite
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CONCLUSIONS

We reported for the first time a facile and simple method to prepare the composite of ZIF-67
and rGO by mixing the two constituents under ultrasonic waves in a mixed solvent of ethanol
and DI water at room temperature. The surface morphology of the nanocomposite and
Crystallographic structure of the as synthesized samples and their capacitive behavior studied
and results showed that the new nanocomposite has better electrochemical performance
compared to bare ZIF-67 which make it attractive for using in supercapacitor applications.
composite. EIS measurements also showed low values of charge transfer resistance (Rct) for
nanocomposite electrode. The capacitance improvement could be attributed to this fact that the
ZIF-67 nanocrystals immobilized on the surface of rGO nanosheets were beneficial to
improving electrical conductivity and electrochemical performance of the nanocomposite
electrode of rGO/ZIF-67 compared to bare ZIF-67.
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OZET

Android televizyonlar haberlesme ve iletisim alaninda giin gectikge yeni degismeler, gelismeler
ve farkli kullanim alanlar1 olusturmaktadir. Android akilli televizyonlar gelismekte olan dijital
sistemler gesitliligi ve sayilart son yillara oranla artis gostermektedir. Kullanildigi alanlarina
gore enerji problemleri, maliyet artisi, yeni ¢Oziimler ve yontemlerin gelismesine yol
acmaktadir. Enerji tiiketimi ise bu alanda ¢6ziim bulunmaya c¢alisilan problemlerin basinda
geliyor. Android televizyonlar besleme kart1 ve ana kart olmak {izere iki elektrik aksamindan
olusur. Besleme karta bagli olarak igerisinde bulunan elektronik malzeme sayesinde android
televizyonlarin bir¢ok 6zelliginden faydalanabilir. Yiiksek gerilim gelmesi sonucu besleme
kartinda bulunan bu elektronik malzemeler devre disi kalarak android televizyonlarin
arizalanmasina neden olur. Swich mode (besleme kart1) 220 volt olan sehir sebeke gerilimi
yiiksek veya diisiik gerilimlere kars1 koruma saglar. Sehir sebeke geriliminin 110 volt ile 250
volt degerleri arasinda diizenli olarak calisabilir. Boylece sebekeden gelen gerilim
degisimlerinden etkilenmeden diizenli sekilde ¢ikis gerilimi saglarlar. Regiile gerilim degerleri
yuksektir. Boylelikle yap1 bakimindan kiiciik besleme gerilim devreleri tasarlanmasina
yardimer olur. Yapilan calismada besleme karti dogru akim ¢ikis gerilimlerinin 6l¢iim ve
simiilasyon verileri belirlenip sik sik arizalanan besleme karti iizerinde bulunan aktif devre
elemanlarini nasil ve ne gibi onlem alarak zarar vermeden diizeltebilmek ve bununla ilgili
¢Oziim Onerileri gelistirmektir. Burada elde edilen dl¢giimlerle, android televizyonlarin alternatif
akim besleme iinitesinin ariza durumu ve ¢oziim Onerileri incelenmistir.

Anahtar Kelimeler: Android televizyonlar, Alternatif akim, Kondansator
Android TVs' Alternating Current Supply Unit Malfunctions and Solution Suggestions
ABSTRACT

Android televisions are constantly evolving, evolving, and creating diverse applications in the
field of communication and communication. The variety and number of Android smart
televisions, the developing digital systems, have been increasing in recent years. Depending on
their application, they lead to energy problems, increased costs, and the development of new
solutions and methods. Energy consumption is one of the primary problems being addressed in
this area. Android televisions consist of two electrical components: a power supply board and
a main board. Thanks to the electronic components within the power supply board, they can
take advantage of many of Android televisions' features. High voltages can cause these
electronic components in the power supply board to fail, causing Android televisions to
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malfunction. The switch mode (power supply board) protects against high or low voltages
within the 220-volt mains voltage. It can operate steadily between 110 and 250 volts. This
allows them to provide a consistent output voltage without being affected by voltage
fluctuations in the mains. Their high regulated voltage values facilitate the design of compact
power supply circuits. The study aims to determine measurement and simulation data for the
direct current output voltages of the power supply board, identify how and what precautions
can be taken to repair frequently malfunctioning active circuit elements on the power supply
board without damaging them, and develop solutions. The measurements obtained here
examine the malfunctions of the alternating current power supply unit in Android televisions
and propose solutions.

Keywords: Android TVs, Alternating current, Capacitor
1. GIRIS

Teknolojinin son harikas1 olan android televizyonlar, isleme, uygulama ve internet
baglantis1 yetenekleri saglayarak geleneksel televizyon sisteminin degisiminde rol almistir.
Ancak android televizyonlar bu 6zellikler sayesinde yalnizca izleyicileri cezbetmekle kalmadi,
ayn1 zamanda arastirmacilar i¢in de yeni yollar acti. Geleneksel televizyon sistemlerinin aksine,
akilli televizyon, ¢evrimigi klipler, filmler, oyunlar, internette gezinme, uygulamalar ve web
2.0 ozellikleri i¢in tam destekle birlikte televizyon igeriklerini izlemek i¢in daha iyi bir ortam
saglar. Android tabanli igletim sistemi televizyonlar diger LED ve LCD tabanli televizyonlara
oranla daha etkilesimlidir (Fatoni, 2020). Akilli televizyonlar hibrit yapisi sayesinde, daha fazla
icerik sunar, ancak bu icerik ve biligsel asir1 yiikleme sorunlarini yaratabilir. Genis ultra yiiksek
cozlinlirliikli (UHD) ekran sayesinde ekran kalitesinin 1080p ve 4k gibi formatlarda
goriiniirliigiinii saglar. Android televizyonlarin igerisinde bulunan biitiinlesik yani besleme ve
anakart dahili olarak bulunmaktadir. Besleme kart tizerinde bulunan elektronik elemanlarinin
giris ve c¢ikis gerilim degerlerinin hesaplanmasi, ariza durumu ve ¢Oziim yonetimi
incelenmektedir. Bu ¢alismanin amaci android televizyonlarin besleme kartinda bulunan smd
ylizeye monta edilen elektronik malzemelerin gerilim ol¢iimleri, ¢ikis gerilim degerleri ve
yerlerine kullanilabilecek elektronik kart devre elemanlar1 tasarlanmistir. Bu bildiride akilli
televizyonlarin hem donanim hem de yazilim agisindan analizi yapilmis olup, gerekli dl¢limler
laboratuvarda analiz edilmistir.

1.1. Android LED Televizyonlar

Gilinlimiizde mevcut dijital 6grenme ortamlarindan biri, dogrudan internete baglanabilen
android tabanli akilli LED televizyonlar kullanarak multimedya ogrenmedir. Akilli
televizyonlar, isleme yetenekleri ve internet baglantis1 saglayarak eski televizyon sistemini
degistirmis, daha etkilesimli hale getirmis ve izleyiciler veya kullanicilarla etkilesime
girebilmeyi miimkiin kilmistir (Bima & Bakhri, 2018). Akilli android televizyonlar, internete
baglanabilen ve televizyon igeriklerinin internete erisebildigi dijital bir cihazdir. Ancak igerik,
android tv ile karsilastirildiginda hala sinirlidir. Android tv, sanal Google Asistan, Google Play
Store ve Android tv'de bulunan diger uygulamalar gibi internette daha fazla uygulama
barindiran igerige sahip olmasi nedeniyle daha gelismis ve eksiksiz kabul edilen bir akilli tv'dir.
TV, Google arama motorunda sesli arama yapmak i¢in kullanilabilen bir mikrofona sahiptir.
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Bunun yani sira, Android tv daha kapsamli bir kiitliphane ve siirekli yazilim ve uygulama
giincellemeleri saglar. Akilli tv'nin bir 6grenme ortami olarak kullanilmasi, 6grencilere gercek
diinya medyasini kullanarak 6grenmeleri i¢in 6zgiin bir firsat sunar. Bunun yani sira, 6grencileri
stirekli degisen elektronik iletisim diinyas1 hakkinda bilgilendirir ve 68rencilerin materyali daha
iyl kavramalarimi saglayarak gelecekte daha basarili olmalarina yardimci olur. Akilli tv
kullanarak 6grenciler film izleyebilir, miizik dinleyebilir veya c¢alisabilirler (Kara, 2019). Bu,
internete ve diziistii bilgisayarlara bagli Android tv'ler de dahil olmak iizere akilli tv'lerin,
yalnizca insan tabanli degil, ayn1 zamanda basili, gorsel, isitsel-gorsel, bilgisayar tabanli ve
hatta tiim bunlarin bir kombinasyonunu da igeren ¢esitli Ogrenme materyallerini
hedeflerine ulagmay1 engelleyebilir, bu nedenle bir stratejiye ihtiyag vardir. Akilli tv (Android),
bilgisayar ve internet medyasini birlestirmek, eksiksiz bir multimedya 6grenme materyali
saglayabilir. Multimedyanin tiim tiirleri etkilesimli, hiperaktif ve dogrusaldir. Android
televizyonlar istenildigi zaman uygulamalar kisminda oyun, program, tv yayinlari izleme gibi
olanaklar sagliyor (Salimi & Hajbani, 2015).

1.2. Ekran Paneli

Plazma ekran paneli (PEP), sivi kristal ekran (LCD) ve 151k yayan diyot (LED)
teknolojilerinin ortaya ¢ikisi, tv'lerin boyut ve agirliginda 6nemli bir azalmaya neden olmustur.
Miisterilerin daha ince ve hafif tv'lere yonelmesi, diisiik profilli tv'lerin temel bilesenlerinden
biri olan gii¢ kart1 tasariminin boyut sinirlamasina yol agmistir. Bu tiir tv'lerin gii¢ kartlarinda
farkli gerilim seviyeleri ¢ikis olarak elde edilir. Gelisen teknolojinin ortaya koydugu gii¢
tilkketim standartlari, tv gili¢ kartlarinda maksimum verimlilige sahip topolojilerin kullanimini
zorunlu hale getirmistir. Android tv’ler 480p, 756p, 1080p, 2160p gibi ekran ¢oziiniirligi
otomatik olarak kendiliginde goriintii kalitesini olusturur (Sahinoglu, 2024).

2. MATERYAL VE YONTEM
2.1. Android Televizyonlarin Besleme Kart Devresi

Android televizyonlar, SMPS veya Anahtarlama modlu gii¢ kaynag1 olarak da bilinen
anahtarlamal tip bir gii¢ kaynagi kullanir. Giig¢ kaynagi, sebeke AC (Alternatif Akim) gerilimini
android tv'deki devreler tarafindan kullanilabilen DC (Dogru Akim) gerilimlerine doniistiiriir.
Sebeke gerilimi 110-250 volt AC gii¢ kaynag tnitesine girer ve dnce EMI (Elektromanyetik
Girisim) filtreleme, ani akim sinirlama ve PFC (Gii¢ Faktorii Diizeltme) devrelerinden gecer
(Yiiksel, 2022). Ardindan AC gerilimi koprii dogrultucu tarafindan dogrultulur. Aktif PFC
kullaniliyorsa, aktif PFC devresi koprii dogrultucudan sonra ve rezervuar kapasitoriinden dnce
yer almalidir. Giris gerilim degerleri yiiksek oldugu i¢in besleme kartlar1 diisiik gerilime
dontistiirme 0zeligini yaparak devrede bulunan elektronik malzemelerin arizalanmasini
onlemektedir. Besleme kart devrelerinde teknolojinin giin gectikce hizli degismesinden
dolayidir ki iizerinde bulunan elektronik malzemelerin kiigiik hal almasi bunun en iyi
orneklerindendir. Birgok iglevi goren kullanilmasi rahat olan hizli ¢aligma ortami saglayan bu
elektronik malzemeler android televizyonlarin besleme kartinda smd yiizeye monta edilerek
kullanilir (Demirel & Erkmen, 2013).

Android televizyonlarda bulunan biitiinlesik beleme kart devresi asagida gorsel 1’de
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verilmistir.

Gorsel 1. Android televizyonlarda bulunan biitiinlesik beleme kart devresi

2.2. SPMS (Switch Mode Power Supply-Anahtarlamal Mod Gii¢c Kaynag)

Android televizyonlarda SMPS anahtarlayici olarak da adlandirilan, elektrik giiciinii
verimli bir sekilde doniistiirmek icin bir anahtarlama regiilatorii iceren elektronik bir gii¢
kaynagidir. Android televizyonlar iyi bir DC gii¢ kaynagi sayesinde degisken AC sinyaller veya
DC alternans farklarindan etkilenmediginden daha randimanli ¢alisir. Biitiin elektronik
cihazlarda besleme kaynagi bulunmaktadir (Zhang, 2010). Besleme kaynaklari devrelere hem
yeterli akim hem de gerilim saglar. Buna gii¢ besleme adi verilir. Eski tip televizyonlarda trafolu
klasik besleme devreleri kullaniliyordu; ancak gilinlimiizde android televizyonlarda artik
anahtarlamali ve korumali gii¢ kaynaklar1 kullanilmaktadir. Bu durumda trafolu besleme
devreleri gerilimin 220 voltta sabit ¢alismasi veya gerilimin 220 volttan az oldugu durumlarda
devre digi olma olasiligi bulunmaktaydi, fakat SMPS beslemeli android televizyonlarda

gerilimin 110 volt ile 240 volt arasinda sorunsuz sekilde calismasi saglanmaktadir (Knott,
2013).

Tipik hassas, AC-DC doniistiiriicii devresi asagida gorsel 2° de verilmistir.
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Gorsel 2. Tipik, hassas, AC-DC doniistiiriicli devresi
3. BULGULAR

Yapilan aragtirmalar neticesinde son yillarin teknoloji harikasi olan android televizyonlar
internete baglanma o6zelligi android uygulama, youtube, netfix, uydu yayimni izleme gibi
Ozelliklere sahip olmalaridir. Bu ¢alismanin amaci android televizyonlarda bulunan besleme
kartinin girig-¢ikis gerilim degerlerinin hesaplanmasi arizali durumda olan elektronik
malzemenin date sheet yardimiyla yerine uyum saglayacak malzemenin kullanilmasi veya 5
voltluk regiile devresinin nasil kullanilmasi amaglanmistir. Yapilan biitiin ¢alismalar
laboratuvar ortaminda incelenmistir. Burada android televizyonlarin besleme ¢ikis
gerilimlerinden 5 voltluk baglanti ucu devresinin yiiksek gerilimden kaynaklanan hatadan
dolay1 asir1 derecede zarar gormesidir. Yapilan arastirmada bir¢ok andorid televizyonlarda bu
hata bulunmaktadir. Kullanim alanlarina gore iyi topraklama hatti yapilmadigi veya topraklama
hattinda kullanilan malzemenin kalitesiz olmasi durumunda besleme kartinin zarar gérmesine
neden olmaktadir. Yiiksek gerilim faz notr ve topraklama hatti olmak iizere ii¢ kisimdan
olusmaktadir. Nétr ve toprak hattinda gerilimin olmadig bilinmektedir. Iyi topraklama hatti
yapilmadigi durumda topraklama hatti {izerinde az da olsa 30-40 volt gibi gerilim gelmekte
olup bu durum android televizyonlarin besleme kartina zarar vermektedir.

Android televizyon besleme karti ariza durumu asagida gorsel 3’°de verilmistir.

@ e §
M- :

- @3 /= i ;
_BOCR! 5y

Gorsel 3. Android televizyon besleme karti ariza durumu

Yapilan gozlemler dogrultusunda besleme kart devresinin topraklama hattindan gelen 30-
40 voltluk gerilimin faz hatti ile birlikte yiizeye monta edilen elektronik malzemelerin
arizalanmasina neden olmaktadir. Bu elektronik malzemelerin degeri bilinmediginden dolay1
komple kartin degismesi yerine 5 volt ile calisan regiile devresi kullanilarak ariza sorununu
ortadan kaldirmay1 hedeflemektedir. Hem besleme kartin1 asir1 gerilime karst hem de
topraklama hattindan gelen ¢ok diisiik gerilime kars1 koruma saglamaktadir. Ulkemizde elektrik
gerilim hattinin diizensiz, dalgali ve ani ¢ikis yiiksek gerilimi olmasindan dolayi1 yurt disindan
ithal edilen besleme Kkartlarinin dayaniksiz oldugu gozlemlenmistir. Uzak dogu iilkeleri,
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Amerikan kitasi, Avrupa iilkeleri gibi yerlerde elektrik gerilimin diizenli ¢aligmasindan
dolayidir ki boyle arizalarin goriinmesi ¢ok nadir olur.

Regiile besleme kart devresi asagida gorsel 4’°te verilmistir.

L%h 4

mul’#‘

Gorsel 4. Regiile besleme kart devresi

Burada regiile 5 volt besleme kart devresi 6n ve arka ylizeye monte edilen malzemelerin gorselleri
verilmistir. Besleme sema devresinde ise gerekli olan giris ve ¢ikis gerilimleri 6l¢iimleri ve analizi

yapilmistir. Kirmizi kablonun art1 ucu (+) siyah kablonun eksi ucu (-) ve diger renkli kablolarinda ¢ikig
gerilim ucunun oldugu gdsterilmistir.

Regiile besleme kart devresinin data sheet semasi1 agsagida gorsel 5° te verilmistir.
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o Pt
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g Kirmizi gizgi 'Esa” ¢120" N Filtre kondansatorii
Yagma
Slyah -

cizgi + T ,
Soguk

9v-18V
Orijinal makin entegresi ~ Beyaz ¢izgi
CA-901 REV: 02 Dc Yesil gizgi kg Kaymad:
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Gorsel 5. Regiile besleme kart devresinin data sheet semasi

Data sheet regiile devrede kondansator, dogrultucu diyot, direng gibi elektronik devre
elamanlarinin oldugu giris ¢ikis gerilim degerleri verilmistir.

Beseleme kart gerilim oOlglimleri yapilmis olup gerekli olan c¢ikis gerilimleri

hesaplanmistir. Bu durum asagida multimetre yardimiyla hesaplanmistir ve besleme kartina
gerekli olan gerilim degeri Ol¢tilmiistiir.
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Android besleme kart gerilim deger 6l¢ilimii asagida gorsel 6’da verilmistir.

Gorsel 6. Android besleme kart gerilim deger 6l¢timii

4. SONUC

Gelisen diinyanin en 6nemli icad1 olan ve hayatin vazgecilmez bir parcasi haline gelen
android televizyonlar belirli kalite standartlarini tasimasi vazgegilmez bir unsurdur. Televizyon
bozulmalarinin baginda gelen diizensiz elektrik gerilimi dogru ve hizli bi¢imde analiz edilmesi
biiyiik 6nem tasimaktadir. En dikkat ¢eken teknolojilerinden birisi ise android televizyon olup
gorlintli netligi ve diislik gli¢ tliketimiyle arastirmaya acik bir konu haline gelmistir. Biitlin
elektrik makinalarinda besleme kart devresinin oldugu ve bu yiizdendir ki yiiksek gerilimden
dolay1 devre dis1 kalmalaridir. Android televizyonlar ¢agimiz teknolojisinde iletisim hizmeti
sunan en Onemli faktordiir. Bu ¢alismada diizensiz ve kagak hat lizerinden gelen gerilimin
tespiti yapilmasi ve ne gibi dnlemler alinmas1 amaglanmaistir.
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OZET

Ulkemiz enerji tiikketim ihtiyacinin biiyiik bir boliimiinii komsu ve dis iilkelerden saglamaktadir.
Bu durum iilkenin ekonomik yonden kalkinmasina olumsuz etki gostermektedir. Gelisen ve
hizla artan teknolojilere bagli olarak enerji ihtiyacina olan talep her gecen yil artmaktadir.
Komiir, dogalgaz, petrol gibi kendini yenileyemeyen enerji kaynaklari geri dontisiimii olmayan
kaynaklardir. Bu nedenle Diinya var oldugu siirece siirekli ve temiz yenilenebilir enerji
kaynaklarindan faydalanabilir. Cografik yapist gz oniinde bulunduruldugunda giines enerjisi
kaynaklarinin kullanilabilmesi agisindan Van {li’nin &nemli bir yere sahip oldugu
goriilmektedir. Van Ili iilkemizde y1l boyunca en ¢ok giines alan ikinci sehir konumundadar.
Urartu Kralligi doneminde bagkentlik yapmis ve eski isminin Tusba (giines sehri veya fazla
giines alan yer) oldugu buradan gelmektedir. Bu nedenle giines enerjisi 1sinlarinin y1l boyunca
fazla olmasindan dolay1 giines enerjisinden elektrik enerjisi lretilmesinin elektrik enerji
ihtiyacinin karsilanmasima ve iilke ekonomisine katkisinin oldugu sdylenebilir. Giines
panellerinin hareketli 6zelliginden faydalanilarak dogu ve bati yoniinde giines enerjisinden
daha fazla elektrik enerjisi elde edilebilir. Giines 1sinlarinin kuzey yarim kiirede gelis agisinin
farkli olmasindan dolay1 hareketli glines paneli yardimiyla her agidan elektrik enerjisi elde
etmis oluruz. Burada giinesten aldig1 1s51n enerjisini elektrik enerjisine giines paneli yardimiyla
doniistiiren ve akiileri sarj eden diger yandan istenildigi zaman hizmete sunan c¢aligma
tasarlanmistir. Yapilan calismada Tusba ilgesinin ekonomik kalkinmasinda gilines enerjisinin
onemi analiz edilmis ve gilines enerjisinin gelecegi i¢in dneriler sunulmustur.

Anahtar Kelimeler: Enerji, Giines Enerjisi, Yenilenebilir Enerji

The Importance of Solar Energy in the Economic Development of Van Province: The
Example of Tusba District

ABSTRACT

Our country sources a large portion of its energy consumption from neighboring and foreign
countries. This has a negative impact on the country's economy and development. Due to
rapidly developing and evolving technologies, the demand for energy is increasing every year.
Non-renewable energy sources such as coal, natural gas, and oil are irreversible. Therefore, as
long as the world exists, it can benefit from continuous and clean renewable energy sources.
Considering its geographical structure, Van Province holds a significant position in terms of
utilizing solar energy resources. Van Province is the second city in Turkey with the most
sunshine throughout the year. It served as the capital during the Urartian Kingdom, and its
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former name, Tusba (the place with the most sunshine), derives from this. Therefore, due to the
abundant solar radiation throughout the year, generating electricity from solar energy can be
said to meet electricity needs and contribute to the country's economy. By utilizing the movable
nature of solar panels, more electricity can be generated from solar energy in both east and west
directions. Because the angle of incidence of sunlight varies in the northern hemisphere,
movable solar panels allow us to generate electricity from all angles. The project, designed to
convert solar energy into electricity using solar panels, charge batteries, and provide on-demand
service. The study analyzes the importance of solar energy in the economic development of the
Tusba district and offers suggestions for the future of solar energy.

Keywords: Energy, Solar Energy, Renewable Energy
1. GIRIS

Diinya iilkeleri ¢ok eski zamandan giinlimiize kadar giines enerjisinden
faydalanmaktaydi. Fakat giin gegtikce gelisen teknoloji, sanayilesme ve niifus artis1 enerjiye
olan ihtiyac1 daha da zorunlu hale getirtmistir. Uretim sektérleri, fabrikalar, okullar ve birgok
yerlesim alanlarmin temel kaynagi enerji sistemleridir. Diinya var oldugu siirece giines enerjisi,
riizgar enerjisi kullanim alanlarina gére azalmayan ve tiikenmeyen kaynaklar yenilenebilir
enerji kaynaklar1 olarak bilinir, kullanildiginda kendini yenileyemeyen enerji kaynaklari ise
yenilenemez enerji kaynaklari olarak tanimlanir. Yenilenebilir enerji kaynaklari; hidrolik,
glines, riizgar, jeotermal, biyokiitle, dalga, gelgit ve hidrojen enerjisi kaynaklar1 seklinde
siralanabilir. Yenilenemez enerji kaynaklari ise fosil (komiir, petrol ve dogal gaz) ve ¢ekirdek
(uranyum ve toryum) kaynaklidir. Yapilan arastirmalar dogrultusunda Uluslararasi Enerji Ajan-
sinin verilerine gore 2022’den 2025’e kadar olan enerji yatirnmlarinda yenilenebilir enerji
kaynaklar1 %35, fosil yakitlar ise %15 oraninda bir artig gdstermistir (Lee. & Chang, 2018).
Fosil yakitlarin olumsuz cevresel etkileri zamanla tiikenmeleri, diinyay: siirdiiriilebilir ¢evre
dostu yenilenebilir enerji kaynaklarina ulastirir. Bu durumda gilines enerjisinin kurulum
maliyetinin az olmasi, c¢evreye temiz enerji kaynaklari olusturmasi ve iilkemize giines
isinlarinin gelis agisinin uygun olmast gilines enerji kaynagi yiiksek diizeyli giines 1sinimina
sahip olmas1 nedeniyle cazip bir enerji kaynagi haline gelmistir. Giines 1smnlar1 diinyaya gelen
enerjiden yararlanmak igin gerekli olan elektronik malzemeler olarak giines santralleri, giines
kollektorleri ve giines hiicreleri (fotovoltaik hiicreler) gibi teknolojiler gelistirilmistir. Bu
teknolojiler sayesinde glines enerjisi 1s1 enerjisi olarak dogrudan elektrik enerjisine
doniistiiriilerek dolayl olarak kullanilabilmektedir (Ko¢ & Kaya, 2015, s.41).

1.1. Van ili Tusba ilcesi Giines Enerji Konumu

Van Ili giines 1sinlar1 alim1 bakimindan ¢ok énemli konuma sahiptir. Ulkemizde Antalya
[li’nden sonra y1l boyunca en ¢ok giines 1sinlar1 alan yerdir. Van Ili igin ortalama yillik toplam
giineslenme stiresi ve toplam radyasyon 1simim siddeti Tiirkiye ortalamasinin ¢ok iistiindedir.
Radyasyon degerleri ve yil iginde giineslenme siiresi bakimmdan Van Ili en verimli illerden
biridir. Van Ili Tusba ilgesinin arazi bakimindan elverisli olmasi giines panellerinin araziye
montaj1 ve yil i¢ginde bulutlanma siiresinin az olmasi buna 6rnek gosterilebilir (Sarikaya, 2009,
s.6; Riistemli & Dinger, 2011, s.27; Yaman vd. 2019, s.246). Urartu Kralli§i doneminde
baskentlik yapmig Van ili’nin eski ismi olan Tusba giines sehri veya fazla giines alan yer
anlamlarinda kullanilmaktadir. Bu nedenle Van ili iilkemizde giines enerjisinden en c¢ok
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faydalanilacak il olarak sdylenebilir. Burada sadece kazang odakli degil ¢evresel yaklagimlar
da 6n planda tutulmustur. Zengin yenilenebilir enerji kaynaklarina sahip olan Van ili Tusba
ilcesinde stirdiiriilebilir glines enerji kaynaklart saglanmasina katki sunarak, yerli kaynaklarin
kullanilmas1 ve yenilenebilir glines enerji teknolojilerinin iilke ekonomisine kazandirilmasi
onemli goriilmiistiir. Bu dogrultuda Van ili Arisu mahalle arazi yapisi1 bakimindan GES igin
uygun yerlerin ortaya konulmasi ¢alismanin amacini olusturmustur.

1.2. Tusba Tlcesi Giinesleme Siiresi

Ulkemiz cografi konum bakimindan Tiirkiye’nin Dogu Anadolu Bélgesinde bulunan Van
Ili Tusba ilgesi, bdlgenin en fazla giines alan yerlerinden biridir. Elektrik Isleri Etiit Idaresi ve
Giines Enerjisi Potansiyel Atlasi verileri dikkate alindiginda Tiirkiye’ nin yillik ortalama toplam
giineslenme siiresi 2.736,89 saat olup Van ili'nde bu deger 3.068,74 saat ile ortalamanin
oldukga iistiindedir. Van ili Tusba ilcesi 1726 metre yiiksek rakimli olmas1 ve kis aylarinda
giines 1sinlarinin gelis agisinin diizenli olmas1 Van ili’nin enerji kaynaklari dikkate alindiginda
giines enerjisi on plana ¢ikmaktadir. Ilin tiim enerji santralleri ve giines enerji santralleri
faaliyete gectiginde bu enerjilerin ilin ekonomisine katkilar1 olacaktir (Yaman A. Yakin A. &
Behget, R. 2019). Van'da kurulan 7 giines enerji santralinde (GES) tiretilen 200 bin kilovatsaat
enerjiyle ekonomiye yilda 1,110 milyar TL katk: saglayacaktir. Ozellikle sanayi bolgelerinde
teknolojik aletlerin yogun kullanildigi, niifusun fazla oldugu yerlesim yerlerinde enerji tiikketim
ihtiyacinin da fazla olmasi beklenmektedir.

2. MATERYAL VE YONTEM
2.1. Giines Enerjisi

Diinyada niifus yogunlugunun ¢ok oldugu 20. Yiizyilda niifus artis hizinin yaklasik olarak
elektrik enerji talebi 16 kat artmistir. Diinyadaki 8 milyar insan gz oniinde bulundurulursa
giinlimiiz sartlarinda yasamlarimi silirdiirmeleri i¢in 14 TWh (tera watt saat) enerjiye ihtiyag
duyarlar. Artan niifus hizla gelisen teknoloji ve sanayilesmenin fazla olmasi Diinya iilkelerinde
enerjiye ihtiya¢ olanagi saglamaktadir. Yenilenebilir enerji kaynaklar1 temiz ve ekonomik
stirekliligi olan giines enerjisi buna en iyi 6rnek olacaktir. Glines enerjisinden elektrik enerjisi
elde etmek ic¢in, yart iletken devre elemanlarindan elde edilen fotovoltaik hiicreler
kullanilmaktadir. Bu hiicreler p-tipi ve n-tipi iki yari iletkenin bir araya getirilerek kavsak
olugturulmasiyla meydana gelir. Bunlara giines hiicreleri de denmektedir. Fotovoltaik
(Photovoltaic) kelimesi, glines enerjisini elektrik enerjisine doniistiirme anlamini icermektedir.
Burada photo 151k anlamina, voltaic ise elektriksel voltaj anlamina gelmektedir. Bunlarin bir
araya gelmesi ile fotovoltaik kelimesi olusur. Fotovoltaikler (PV) giines 1sinlarini, dogrudan
elektrik enerjisine doniistiirebilen cihazlardir. Giines enerjisinden elektrik enerjisi elde etmek
icin glines panelleri, batarya, invertor, giic kaynag: gibi elemanlardan faydalanilabilir. Giines
enerjisinden aktif ve pasif sistemler olarak yararlanilmaktadir. Sicak su iiretiminde pasif
sistemler kullanilirken, elektrik enerjisi tiretiminde aktif sistemler kullanilmaktadir. Fotovoltaik
giines paneller yardimiyla giines enerjisinden aldigi 1s1 ve 1ginlari direk olarak elektrik enerjisine
doniisiimiinii saglar ve burada elektrik enerjisi iretmektedir. Elektrik enerjisi ile ilgili
uygulamalarda fotovoltaik giines panellerinden yaralanilmalidir. Giines 1ginlar1 glines panelleri
sayesinde elektrik enerjisi iiretmektedir. Uretilen elektrik enerjisi sarj kontrolorii ile
akiimiilatdrde depolanmaktadir. Depolanan elektrik enerjisi dogru akim (DC) yiiklere dogrudan
verilmektedir. Alternatif akim (AC) yikler i¢in ise 6nce DC gerilim, inverter (evirici)
araciligryla AC gerilime doniistiiriildiikten sonra kullanilmaktadir (Sahin et al. 2022). Giines
panelleri 15-16 volt gibi diisiik gerilimi alarak bunu gerekli malzemeler yardimiyla 220 volta
donistiirlip gerekli elektrikli aletlerin ¢aligmasini saglamaktadir. Bu durumda;

Giines enerjisinden elektrik enerjisi iiretimi asamalar1 gorsel 1’de verilmistir.
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B. Sebeke baglantili bir sistemde giines enerjisinden elektrik enerjisi iiretimi blok diyagrami
Gorsel 1. Giines enerjisinden elektrik enerjisi tiretimi agamalari

2.2. Tiirkiye Ve Van ili Giines Enerjisi Potansiyeli

Ulkemiz cografi konumu bakimindan gok dnemli bir giines enerji potansiyeline sahiptir.
Tiirkiye giines enerji potansiyeli verilerine gore yillik ortalama giineslenme siiresi 2741 saat
olup, yillik ortalama toplam 1s1mim degeri ise 1.527,46 kWh/m? olarak hesaplanmistir. Bu
nedenle ililkemizin arazi yer alani bakimindan giineslenme siiresinin ¢ok fazla olmasi bir
nebzede olsa giines enerjisine yoneltmistir. Tiirkiye’nin gilines enerjisi potansiyeli cografi
konumu nedeniyle Ispanya disindaki tiim Avrupa iilkelerinden fazladir (Watson, J. J. W. &
Hudson, M. D. 2015). Ancak Tiirkiye dénemli miktarda giines enerjisi almasina ragmen giines
enerjisinden yeterince faydalanamamaktadir. Fakat son yillarda teknolojinin hizla gelismesi
giines panellerinin ve diger malzemelerin yurt disindan ucuz fiyata getirilmesiyle giiniimiizde
hizla artmaktadir. Park alanlarinda, bahge tarla sulama alanlarinda, cadde ve sokak
aydinlatmalarinda ve birgok yerde artik gilines enerji sistemlerinden faydalanabilmektedir.

Tiirkiye toplam giines radyasyonu, global radyasyon degerleri, glineslenme siireleri ve
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Gorsel 2. Tiirkiye toplam giines radyasyonu, global radyasyon degerleri, glineslenme siireleri ve Pw
tipi alan tiretilebilecek enerji degerleri (Yilankirkan, N. & Dogan, H. 2020)

Haritada gorildiigii gibi iilkemizin yillik glines alma stireleri radyasyon degeri ve
iretilebilecek enerji degerleri verilmistir. Burada koyu kahve renkli olan illerde giines alma
stirelerinin fazla oldugu ve bu alanlarda giines enerjisinden faydalanmak i¢in gerekli olan giines
panellerinin kurulumu uygunlugu goriilmiistiir. Haritaya bakildiginda iilkemizin giinesleme
stirelerinin en ¢ok haziran temmuz ve agustos aylarinin oldugu bilinmektedir. Karadeniz
bolgesine bakildiginda yillik yagis miktarinin fazla olmasi bulutlanma siiresi, orman alanlarinin

fazla olmasindan dolayidir ki burada giines enerjisinden ¢ok az faydalanilmaktadir (Riistemli
et al. 2013).

Van Ili giines potansiyeli gorsel 3’deki harita ele alindiginda énemli yere sahip oldugu
goriilmektedir. Ozellikle yaz aylarinda giines 1sinlarmin koyu kahve renkli oldugu yerlere dik
actyla gelmesi giines enerjisi global 1s1n1m degerlerinin yiiksek oldugu goriilmiistiir. Van Ili’nin
giineyine dogru gidildikge daha da artabilecegi Ongoriilmektedir. Fotovoltaik panellerin
uygulamalarinda g¢esitli teknik ve yontemlerle gilinesten daha fazla yararlanma enerji
kazancinda artis saglanabilmektedir. Van li’ne ait giineslenme siiresi 3068,64 saat-yil
(8,41x365) oldugu bilinmektedir. Tiirkiye ortalamasinin ¢ok iizerinde oldugu sodylenebilir.
Boylece zengin yenilenebilir enerji kaynaklarma sahip olan Van Ili Tusba ilgesi
siirdiiriilebilirligin saglanmasina katki sunarak, yerli kaynaklarin kullanilmas1 ve yenilenebilir
enerji teknolojilerinin iilke ekonomisine kazandirilmas: énemli gériilmiistiir. Van ili Tusba
ilgesinde GES i¢in uygun yerlerin ortaya konulmasi caligmanin amacini olusturmustur
(Riistemli, S. & Kocaman, B. (2023).
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Van Ili toplam giines radyasyonu, global radyasyon degerleri, giineslenme siireleri ve
Pw tipi alan tiretilebilecek enerji degerleri asagida gorsel 3’°te verilmistir.
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Gorsel 3. Van ili toplam giines radyasyonu, global radyasyon degerleri, giineslenme siireleri ve pw tipi
alan tiretilebilecek enerji degerleri (Matpay, B. 2024).

3. BULGULAR

Tusba ilgesi Arisu mahellesi arazi yapist ve giineslenme siiresi bakimindan elverisli
olmasindan dolay1 gilines panelleri kurulumu onaylanmistir. Bu c¢alismanin amaci Arisu
mabhallesinde kurulan giines panellerinin yillik bazda iretilen elektrik enerjisinin iilke
ekonomisine katkis1 ve yapilan calismalar sonucunda daha da nasil katki saglayacag:
amaglanmistir. Van'da bulunan Van Arisu Gilines Enerji Santrali 45 MW kurulu giicii ile
ortalama 26.743 kisiye diisen tiim elektrik enerjisi ihtiyacini karsilar. Van Arisu Giines Enerji
Santrali Van'in Tusba ilgesi Arisu Mahallesi bolgesindedir. Santral 45 MW kurulu giicii ile
Tiirkiye'nin 320. Van'in ise 2. biiyiik enerji santralidir. Tesis ayrica Tiirkiye'nin 9. biiylik Giines
Enerji Santrali'dir. Van Arisu GES ortalama 97.128.763 kilovatsaat elektrik enerjisi tiretimi
ile 26.743 kisinin giinliik hayatinda ihtiya¢ duydugu (konut, sanayi, metro ulasimi, resmi daire,
cevre aydinlatmasi gibi) tiim elektrik enerjisi ihtiyacini karsilayabilir. Van Arisu GES sadece
konut elektrik tiiketimi dikkate alindiginda ise 32.517 konutun elektrik enerjisi ihtiyacini
karsilayabilecek elektrik enerjisi tiretimi yapmaktadir. Burada yapilan ¢alismalar dogrultusunda
Arisu mahallesinde bulunan sabit glines panellerinin sadece giiney cepheye bakan giines
isinlarindan faydalanildigi, gilinesin dogudan dogdugu ve batidan battig1 hesaplandiginda
sadece sabit olan panellerden yararlandigir soylenebilir. Gilines panelleri hareketli sistem
yapildig: taktirde doguda ve batida giines 1sinlarindan hareket sayesinde tekrardan elektrik
enerjisi elde etmis oluruz. Bunun i¢in ilk 6ncelikle diseqc motor giines paneline monta edilmeli
ve gerekli olan yazilimlar yiiklendikten sonra dogu ve bat1 cepsinde de giines 1sinlar1 alarak
daha fazla elektrik enerjisi elde edilir.
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Diseqc motorun giines paneline montaj hali ve Arisu mahallesi glines panelleri santrali
gorsel 4’te verilmistir.
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B. Arisu mahallesi giines santrali

Gorsel 4. Diseqc motorun giines paneline montaj hali ve Arisu mahallesi giines santrali
4. SONUC VE ONERILER

Stirdiiriilebilir enerji kaynaklar1 giin gectikge daha fazla 6nem kazanmistir. Diinya var
oldugu stirece daha temiz enerji bakim gerektirmeyen ¢evreye zarar vermeyen giines enerjisi
sistemleri biiyiik onem kazanmaktadir. Ulkemizin giines 1sinlarinin gelis acisinin fazla oldugu
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konumuna bakildiginda iilke ekonomisine katkida oldugu sdylenebilir. Kiiresel i1sinmadan
dolay1 birgok baraj ve gollerde su azalmasinin oldugu bu sebeple insanlarin ihtiyaglarinin zor
oldugu vurgulanmaktadir. Yenilenebilir enerji kaynaklarindan giines enerjisi bu dogrultuda
bliyilk 6nem arz etmektedir. Giines enerjisinden yararlanma potansiyeli, Tirkiye’nin tiim
bolgeleri i¢in ciddiyetle ele alinmasini gerektiren bir biiyiikliiktedir. Giines enerjisinin aktif
yontemle yapi 1sitmasindan seralarin 1sitilmasina, tarimsal ve endiistriyel kurutmaya,
endiistriyel 1s1 uygulamalarina, sogutma, metaliirjik firinlara, foto kimyasal ve foto biyolojik
islemlere dek c¢esitli kullanim alanlarindaki arastirmalarin desteklenmesinin yani sira
uygulamalarin yayginlastirilmasina da c¢alisiimalidir. Bu ¢ercevede giinesli sogutma konusu,
iilkemiz kosullarinda tarimsal iiriinlerin ve gida sanayi iriinlerinin saklanmasi agisindan
iizerinde Onemle durulmasi gereken bir secenektir. Sonu¢ olarak yapilan Olgiimler
dogrultusunda Van ili’ne ait yillik giines 1sinlarmin gelis agis1 diiz ve ¢ok giines alan arazi
durumlar1 g6z Oniinde bulundurulursa giines enerji sistemlerinden faydalanmak miimkiin
olacaktir. Giines panellerinin ileriki yillarda daha aktif hareketli olarak dogu bati yoniinden de
faydalanilacagi sdylenebilir.
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DiYARBAKIR’DAKI ALISVERIS MERKEZLERININ DEGERLENDIRILMESI

Ayc¢a TARHAN
Dicle Universitesi, 23808028@ogr.dicle.edu.tr-0009-0004-2537-5324
Do¢. Dr. Canan KOC

Dicle Universitesi, canan.koca@dicle.edu.tr-0000-0003-0992-2290
OZET

Tarih boyunca toplumlarin ekonomik, sosyal ve kiiltiirel yasamlarinda 6nemli bir yer tutan
aligveris yerleri Antik donemde agoralar ve forumlarla baglamis, glinlimiizde kiiresellesme ile
sekillenen modern aligveris komplekslerine doniismiistiir. Aligveris merkezleri (AVM)
toplumun aligveris, yemek yeme, spor, eglenme, dinlenme, oyun alanlar1 gibi ihtiya¢larini
karsilayarak kamusal alan nitelikleri gdstermektedir.

19. yiizyil ve sonrasinda yasanan teknolojik gelismelerle aligveris olanaklari artmis, ticari
faaliyetlerin gergeklestirildigi alanlara, bireylerin sosyallesip c¢esitli aktiviteler yaptiklari
mekanlar eklenmis ve aligveris merkezleri giderek kazang getiren yatirimlara doniismiistiir.
Sehir i¢in 6nemli alanlardan biri olan AVM’ler ¢ogu zaman sehrin odak noktasini ve cazibe
merkezini olusturmaktadir.

Calismada literatiir arastirmasinin yani sira, yerinde inceleme, anket ve fotograflama
yontemlerinden yararlanilmistir. Calisma kapsaminda 15 sorudan olusan ankete 2023-2024
egitim-6gretim doneminde dgrenim goren Dicle Universitesi Mimarlik Fakiiltesi'nden 140
ogrenci katilim saglamistir. Aligveris merkezi kiiltiiriiniin tarihsel siireci ele alinarak,
Diyarbakir’da yer alan Ninova Park, Ceylan Karavil, Forum ve Winstown AVM olmak {izere
dort aligveris merkezi 6grencilerin bakis acisiyla degerlendirilmistir.

Anket sonuglarina gore yapinin énemli ulasim akslari iizerinde konumlanmasi ve 6grencilerin
kolay erisebilmesinden dolay1 en ¢ok tercih edilen AVM’nin Ceylan Karavil AVM oldugu
tespit edilmistir. Bunun aksine Forum ve Winstown AVM’ne Ogrencilerin ulagimi kisith
oldugundan daha az tercih edilmektedir. Kentteki AVM’lerin belirli bolgelerde yogunlagmasi,
farkli kullanicilar i¢in ulagim agisindan dezavantaj olusturmakta, ulasim sistemine bagl olarak
AVM’lerin kullanim sikliklar1 degiskenlik gostermektedir. Bu ¢ergevede, siirdiiriilebilir ulagim
ve mimari uygulamalarinin aligveris merkezleri kapsaminda ele alinmas1 6nemlidir. Tasarim ve
konumlandirmalarinda yalnizca ekonomik degil, sosyo-mekansal boyutlar da ele alinmalidir.

Anahtar Kelimeler: Kamusal Mekan, Kullanic1 Algisi, Kimlik, Yerel Mimari.

EVALUATION OF SHOPPING CENTERS IN DIYARBAKIR

Shopping malls have held a significant place in the economic, social, and cultural lives of
societies throughout history. These spaces, which began with agoras and forums in ancient
times, have evolved into modern shopping complexes shaped by globalization. Shopping malls
(AVMs) fulfill public needs such as shopping, dining, sports, entertainment, recreation, and
playgrounds, demonstrating the qualities of public spaces.
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Technological advances in the 19th century and beyond increased shopping opportunities.
Commercial spaces were supplemented with spaces where individuals could socialize and
engage in various activities. Shopping malls increasingly became profitable investments.
Shopping malls, a key urban space, often serve as a focal point and center of attraction.

The study utilized on-site surveys, surveys, and photography methods, in addition to literature
research. A 15-question survey was conducted with 140 students from Dicle University's
Faculty of Architecture during the 2023-2024 academic year. Four shopping malls in
Diyarbakir—Ninova Park, Ceylan Karavil, Forum, and Winstown—were evaluated from the
students' perspectives, considering the historical context of shopping mall culture.

According to the survey results, Ceylan Karavil was determined to be the most preferred
shopping mall due to its location on major transportation axes and easy access for students. In
contrast, Forum and Winstown are less preferred due to limited accessibility for students. The
concentration of shopping malls in specific areas within the city creates a transportation
disadvantage for different users, and the frequency of use varies depending on the transportation
system. In this context, it is important to consider sustainable transportation and architectural
practices within the context of shopping malls. Their design and location should address not
only economic but also socio-spatial dimensions.

Keywords: Public Space, User Perception, Identity, Vernacular Architecture.

1. GIRI

Tarih boyunEa toplumlarin ekonomik, sosyal ve kiiltlirel yasamlarinda 6nemli bir yer tutan
aligveris yerleri Antik donemde agoralar ve forumlarla baslamis, glinlimiizde kiiresellesme ile
sekillenen modern aligveris komplekslerine evrilmistir. Alisveris merkezleri (AVM) toplumun
aligveris, yemek yeme, spor, eglenme, dinlenme, oyun alanlar1 gibi ihtiyaclarin1 karsilayarak
kamusal alan nitelikleri gostermektedir. Gegmiste insan yasaminin siirekliligini saglayan
zorunlu bir eylemin gerceklestigi yerler olan aligveris mekanlari, toplumsal baglar giiclendiren
onemli zelliklere sahiptir [1]. ik basta yalnizca ticari faaliyetlerin oldugu bu yapilar, daha
sonra sosyal ve kiiltiirel etkilesimlerin merkezi haline gelmistir [2].

Toplumlar kendi ihtiyag, inang ve kiiltiiriine gore ¢esitli yapilar olusturmus ve pazar yerleri gibi
aligveris mekanlar1 artmaya baslamistir. Ortacag kentleri, pazar meydani etrafinda gelismistir
[3]. “Musir ve Hitit Uygarliklari, MO 1500°1ii yillarda acik pazarlar ve pazar yerleri ile ticari
eylemlerini gercgeklestirmistir. Bu eylemlerin ilk planli mekan kurgusu Antik Yunan
Doneminde agoralarla olmustur” [4]. Hafta sonu kurulan pazarlar, kent i¢inde veya disinda
halkin bulusma noktalar1 olan agoralara doniismiistiir [5]. “Agoralar dikddrtgen bir formda {i¢
tarafi stoalarla cevrili bir bi¢imde yaptirilmis, 6n cephelerinde siitunlara yer verilmis, arka
cephelerinde ise diikkanlar konumlandirilmistir. Insanlar agoralarda yer alan seyyar tezgahlarda
veya diikkanlarda aligveris yapmustir” [4]. Bu alanlar Romalilarda “forum” adin1 almistir [5].
Eski Roma kentlerinde garsilar, kiigiik standart diikkanlarin siralanmasiyla olusmustur [5].

19. ylizyil ve sonrasinda yasanan teknolojik gelismelerle aligveris olanaklari artmis, ticari
faaliyetlerin gerceklestirildigi alanlar, bireylerin sosyallesip c¢esitli aktiviteler yaptiklari
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mekanlara doniismiistiir [4]. “AVM olgusu 1900’lerde ABD ve Avrupa’da goriilmeye baslanan
ve geleneksel aligveris olgusunu degistiren siipermarketler (department store) seklinde ortaya
cikmistir. Glniimiizdeki anlamiyla alis veris merkezlerinin ortaya c¢ikisi 1950’11 yillara
dayanmaktadir. 20. yiizy1lin ortalarinda banliydlerdeki konut alanlarinin ¢ekiciligini arttiran bir
unsur olarak goriilen AVM’ler, giderek kazang getiren yatirimlara doniismiistiir” [6]. Sehir i¢in
onemli alanlardan biri olan AVM’ler ¢ogu zaman sehrin odak noktasini ve cazibe merkezini
olusturmaktadir.

Calismada, aligveris merkezi kiiltliriiniin tarihsel siireci ele alinarak, Diyarbakir’da bulunan
aligveris merkezleri degerlendirilmektedir. Dicle Universitesi Mimarlik Fakiiltesi
Ogrencilerinin anket yoluyla goriisleri alinarak aligveris merkezlerinin mevcut durumu
incelenmekte ve sorunlara yonelik 6neriler gelistirilmektedir.

1.2. Tiirkiye’de Ahsveris Merkezlerinin Gelisimi

Gecmisten giinlimiize kadar olan siiregte Tiirkiye’de aligveris kiiltiirli ribatlar, hanlar, arasta,
bedesten, kervansaray, carsi ve aligveris merkezleri seklindeki mekansal alanlarda
gelistirilmistir (Cizelge 1). Alisveris amagli insa edilen en eski Tiirk mimarisini Karahanlilarin
yaptirdig1 ribatlar olusturmaktadir. Ribatlar, aligverisin yani sira dini ve askeri amagla
kullanilmistir. Zamanla askeri islevini kaybedince yeni bir yapu tiirii olan kervansaraylar, avlulu
veya avlusuz olarak insa edilmistir [4]. Kervansaraylarda ahir, hamam ve ¢arsi boliimleri yer
almig, kervanlar esya alip vermenin yaninda konaklamiglardir. Selguklu ve Anadolu Selguklu
Devletleri’nin dénemlerinde Anadolu’da ¢ok sayida kervansaray inga edilmistir [4].
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‘Ticaret Yapisi ||Diinemi

|Aciklama

HGiirsel ‘

Ribatlar, baslangigta Islam
diinyasinda askeri ve dini amaglarla

Selcuklu inga edilen savunma yapilari iken,
Ribatlar Donemi zamanla sosyal, egitimsel ve ticari
10. ylizy1l - |lislevlere doniiserek kervan yollar —
15. yiizyil tzerindeki lojis“gik merkezler haline|| -~ ="
gelmistir [7]. Ornek: Ribat-1 Serif]|Ribat-1 Serif (Tebriz),
(Tebriz).
Hanlar, kervan yollar iizerindeki
yolcular ve tiiccarlar i¢in insa edilen
konaklama yapilaridir. Avlulu olup,
Selgukluve |odalar ve diikkanlar c¢evresinde
Osmanl siralanir.  Avluda  hayvanlarin||&
Hanlar Donemi barmabilecegi alanlar \
11. yiizy1l - ||bulunmaktadir [9]. _Ornek:
18. ylizy1l Cemberlitag Hant/ Istanbul
(Osmanli donemi), Divrigi Hani/
Konya (Selguklu donemi), Alara
Han/Antalya.
Selouklu ve Kervansaray; seyahat_ ede_n, kervan
adi  verilen gezginlerin veya
Osmanl N
N . tiiccarlarin ~ konakladiklar1  yer||§
Kervansaraylar|Dénemi . -
. anlamina gelmektedir [11]. Ornek:
11. ylizy1l - .
- Gevher Nesibe Kervansaray1 o P
17. yiizy1l K fi e K
(Kayseri). Gevher Nesibe Kervansarayi
(Kayseri) [12]
Carsilar, halkin aligveris yaptig1 agik 4
hava pazarlaridir. Diikkanlar bir
araya gelerek ticaretin merkezini
Osmanli
N . olusturur. Kapali Carsilar, karsilikl
Donemi ve R |
satig birimi dizilerinden olusan, isti|| !
Carsilar Sonrasi :
15. yiizyll - kapali sokaklar olarak tarpmlamr. % ‘ F
G"' o Her cadde ve sokakta belli bir is kolu|| M A .
numuz bulunmaktadir [3]. Ornek: Misir|Misir Carsisi (Istanbul) [13]
Carsis1 (Istanbul).
Cesitli magazalarin, yemek
alanlarinin =~ ve  sosyal etkinlik
boliimlerinin  birlestigi  biiylik
. Modern , =
Alisveris N yapilar olan AVM’ler; ¢ok Kkatli, Pl bttt o T A
: Donem S . . TR b
Merkezleri 1980'ler - merkezi atriumlara sahip genis i¢ %l"
(AVM) Giiiinaii mekan diizenleriyle| SSalE ¥
unumuz tanimlanmaktadir  [14].  Ornek: S S

Zorlu Center (Istanbul), Cepa AVM

Cepa AVM (Ankara) [15]

(Ankara)
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1988°de

Istanbul/Atakdy’de insa edilen Galleria’dir [16]. Sonraki yillarda Istanbul’da Nova Baran
(1990), Atrium (1992), Akmerkez (1993), Capitol (1993), Carrefour (1993) ve Ankara’da
Atakule (1988) ile Karum (1993) gibi alis veris merkezleri agilmistir [17]. (Cizelge 2).
Ulkemizdeki AVM say1s1 2024 yilinda 445 olmustur [18].

Cizelge 2. Tiirkiye’de Bulunan AVM Ornekleri

Alsveris Merkezi

Sehir-Acihis
Yih

Mimari Ozellikler

Gorsel

Galleria Alisveris
Merkezi

[stanbul-
1988

1988 yilinda istanbul Atakdy’de
acilan Galleria Alisveris Merkezi
[19]. Tirkiye’nin  modern
anlamdaki ilk aligveris
merkezidir.  Galleria, genis
otoparki, ticari birimleri ile
rahatlama ve dinlenme alanlari
sunmaktadir.

Forum istanbul
Alisveris Merkezi

[stanbul-
2000

Bayrampasa'da konumlanan
Forum Istanbul’da 100.000 m?

bulunmaktadir. [21]

magaza alanmm yani sira bir| |
sinema kompleksi ve restoranlar|| &=

Cevahir Alisveris
Merkezi

[stanbul-
2005

Tiirkiye'nin en biiylik aligveris
merkezlerinden biridir. Modern
yapida sinema salonlari, oyun
alanlar1, genis dinlenme alanlari
mevcuttur [23]

Panora Ahsveris
Merkezi

Ankara-2007

Aligveris, eglence ve sosyal
aktivite alanlart ile kamusal

[24]

alanlar1 zenginlestiren bir yapidir el

izmir Agora
Alisveris Merkezi

[zmir-2008

desteklenmistir.

etkinlik alanlari, giiclii kamusal
alanlar olusturur. [26]

I¢c mekanlar genis, acik alanlarlal(} e
Dinlenme|| ®
alanlari, yesil alanlar ve sosyall|8§

Kiiresellesme siiregleriyle gelisme gosteren aligveris merkezleri sunduklart olanaklarla
giintimiizde her yastan kitleye hizmet eder nitelik kazanmis, 6zellikle gencler tarafindan yogun
olarak kullanilan mekanlar arasinda yer almistir.

2. MATERYAL VE YONTEM

Calisma kapsaminda aligveris merkezlerini ele alan ulusal ve uluslar arasi literatiir taranmas,
caligmalarin ¢ogunlukla aligveris yapilarimin kent agisindan 6nemine degindigi goriilmiistiir.
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[6] calismalarinda biiylik aligveris merkezlerinin kent iizerinde yalnizca rant transferi ile
kalmayip, kentsel doku, erisilebilirlik, kamusal alan kullanimi1 ve toplumsal iliskiler agisindan
etkileri bulunduguna odaklanmistir [28]. Isparta kentinde mevcut olan ve faaliyet gdsteren
Iyagpark ve Centrum Garden AVM’lerini ele alarak kullanic1 egilim ve beklentilerinin
belirlenmesini amaglamistir. Yiiz yiize anketin uygulandig1 ¢alismada Isparta’daki mevcut
AVM’lerin mekansal islevsellikleri acisindan yeterli olmadig1 ve eksikliklerin bulundugu
ortaya ¢ikmistir. Sonugta, AVM'lerin sadece aligveris yapma ve gezme mekanlari olarak degil,
aynt zamanda kent kiiltiiri ve kentsel mekanlarla uyumlu olacak sekilde her kesimin
rekreasyonel ihtiyaclarinin karsilanacagi bir mekan olarak kurgulanmasi gerektigi
onerilmektedir.

Erman ve Unlii (2022), calismalarinda AVM’lerin mimari &zelliklerine odaklanarak,
kullanicilarin degisen tercihlerini ve aligveris temelli davranislarini tespit etmeyi hedeflemistir.
170 kisinin katildig1 anket calismast Van AVM’de gerceklestirilmis, sonuglar, AVM’lerin
mimari 6zelliklerinin ve olanaklarinin kullanicilarin aligveris davranislarini, ziyaret sikligini ve
tercihlerini etkiledigini gostermistir [16].

Oldukga biiyiik ziyaretci kitlesi olan aligveris merkezlerinin kent i¢indeki kullanim1 ve énemi
giderek artmaktadir. Bu baglamda calismada Diyarbakir’da bulunan aligveris merkezleri Dicle
Universitesi Mimarlik Fakiiltesi 6grencilerinin bakis acisiyla degerlendirilmistir. Calismada
literatlir arastirmasinin yani sira, yerinde inceleme, anket ve fotograflama ydntemlerinden
yararlanilmistir. Calisma kapsaminda 15 sorudan olusan anket hazirlanmis, Google Formlar
araciligiyla uygulanan ankete 2023-2024 egitim déneminde dgrenim goren Dicle Universitesi
Mimarlik Fakiiltesi’nden 140 6grenci katilim saglamistir. Ogrenciler hem AVM yapilarmin en
onemli kullanicilar1 olmalari, hem de okuduklar1 boliim itibariyle odak grup olarak se¢ilmistir.
Diyarbakir'daki aligveris merkezlerinin kullanici deneyimlerini degerlendirmek amaciyla
uygulanan anket asagidaki konular1 icermektedir:

— En ¢ok tercih edilen aligveris merkezi, ziyaret etme nedeni ve ziyaret etme sikligi,
— Aligveris merkezine gitmek i¢in kullanilan ulasim araci, kolay ve rahat ulasilan aligveris
merkezi,
— Agik ve yesil alanlarin yeterlilik durumu, sosyal etkilesim ve toplumsal iliskiler
ilizerindeki etkisi,
— Mimari tasarim ozellikleri, i¢ mekan diizenlemeleri ve dekorasyon 6zellikleri,
— Konfor diizeyi, ¢cevre dostu uygulamalari ve stirdiiriilebilirlik ¢abalari, kent dokusu ile
uyumu.
Calisma kapsaminda yapim sirasina gore Diyarbakir’in Baglar ilgesinde bulunan Ninova Park
AVM, Kayapinar il¢esinde bulunan Ceylan Karavil AVM, Yenisehir il¢cesinde bulunan Forum
AVM ve yine Kayapinar ilgesinde bulunan Winstown AVM incelenmistir (Gorsel 1, Cizelge
3).
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Ninova Park AVE1

Gorsel 1. Calisma Alaninin Konumu

Cizelge 3. : Cahsmada Incelenen AVM Yapilan

Avm
ad1

Tige/Y1l

Aciklama

Ninova Park AVM

Baglar/2011

Sanliurfa Bulvari iizerinde 50.000m?’lik arsa lizerinde 5 katli olarak insa
edilen alig-veris merkezinde 25.000m?lik kiralanabilir alan
bulunmaktadir. Modern bir mimariye sahip olan alig-veris merkezinde
80 magaza, 12 kafe-restoran, cocuk oyun alanlari, sinema salonlar1 ve
bowling salonu gibi eglence birimleri yer almaktadir. Kayapinar,
Yenisehir ve Dicle Universitesi istikametlerinden sehrin merkezi
alanlarma yonelen Onemli yollar ile toplu tasima araglarmin gegis
alaninda bulundugu i¢in Diyarbakir'in 6nemli aligveris merkezlerinden

biridir [29].

Ceylan Karavil
AVM

Kayapinar/2014

200.000 m? arsa iizerinde 65.000 m? kiralanabilir alaniyla Ceylan
Karavil Park alig veris merkezi, 200 magaza ve 28 adet kafe-restorandan
olugmaktadir. Sosyal agidan bir¢ok hizmet sunan aligveris merkezinde
3000 m? dev akvaryum, 2.800 m? eglence merkezi ve 2.000 kisilik
sinema kompleksi bulunmaktadir.  Sanliurfa Bulvari ve Kayapinar
Caddesi’nin kesistigi 6nemli bir kavsakta yer alan Aligveris merkezi,
Diyarbakir’in son donemde gelisme gosteren Baglar ve Kayapiar
ilgeleri arasinda konumlanmaktadir [30].

Forum
Diyarbaki

r AVM

Yenisehir/2015

Fabrika Mabhallesi’nde Elazig yolu iizerinde 4 katli olarak insa edilen
Forum Diyarbakir Alisveris Merkezi, yaklasik 55.000 m? kiralanabilir
alana sahiptir [31,32]. Kapali mimarisi ve genis i¢ mekan diizeni,
ziyaretgilere konforlu bir aligveris deneyimi sunmaktadir.

Winstown
AVM

Kayapinar/2023

Winstown AVM, yaklagik 75.000 m? insaat alanina sahip ve 116
magazasiyla hizmet veren agik hava konseptli aligveris merkezi olup,
agik sokak tasarimi ve genis sosyal alanlar1 yer almaktadir [33,34].
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3. BULGULAR VE TARTISMA

Diyarbakir, tarih boyunca onemli bir ticaret ve kiiltir merkezi olmustur [9]. Osmanli
Imparatorlugu déneminde Diyarbakir’da ticaretin temel yap: taslarini bedestenler, hanlar ve
arastalar olusturmus; bu yapilar ticari faaliyetlerin ve sosyal yasamin onemli merkezleri
olmustur [35]. Bedestenler genellikle degerli mallarin satildigi, giivenligi saglanmis yapilar
olarak bilinmektedir. Diyarbakir Kasaplar Carsis1 yakininda yer alan Diyarbakir Bedesteni, 16.

ylizyilda yapilmis, 1894 yangininda biiylik zarar gérmiis, 1914 yangininda da tamamen yok
olmustur [36].

Diyarbakir kervan yollarinin kavsaginda kuruldugundan bir¢ok sehir i¢i hanina sahiptir. Sehir
hanlari, bir orta avlu etrafinda siralanan ¢ok sayidaki odalarla alt katlarda hayvanlarin barindig:
ahirlardan olusmaktadir. Cogu XVL-XVII. ylizyillarda Osmanlilar tarafindan yapilmistir.
Suri¢i’nde Gazi Caddesi iizerinde konumlanan Hasan Pasa Hani giinlimiizde de ¢esitli islevlerle
kullanima devam eden 6nemli hanlardan biridir [37] (Gorsel 2). Diyarbakir valiligi yapan
Hasan Paga tarafindan 1572-1575 yillari arasinda yaptirilan hanin [36] kuzey ve dogu cepheleri
kuyumcular ¢arsistyla ¢evrelenmistir [38].

Gorsel 2. Hasan Pasa Ham

Diyarbakir’in ikinci Osmanli Valisi Hiisrev Pasa tarafindan 1527-1528 yilinda yaptirilan
Deliller Han1 (Hiisrev Paga Han1)1950°1i yillarda genis ¢apli bir onarim gormiis, 1982 yilinda
Vakiflar Genel Midiirliigii’niin karari ile restore edilmistir [39]. Giiniimiizde ise Kervansaray
Oteli olarak kullanilmaktadir [40] (Gorsel 3).Suri¢i’nde yer alan ve giiniimiizde kafe olarak
kullanilan hanlardan biri olan Siiliikk Han, etrafindaki demirci ve kazancilardan dolay1 Kazanci

Hani olarak da bilinmektedir. Han’1n ii¢ tarafi revaklarla cevrili olup alt tarafinda ahir1 yer
almaktadir [38] (Gorsel 4).
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Gorsel 3. Deliller Han1 (Hiisrev Pasa Hami) Gorsel 4.Siiliiklii Han (Kazanc1 Han)

Tarihi ticari mekanlarin disinda giiniimiizdeki anlamiyla agilan ilk AVM Diyar Galleria’dir.
Yenigehir ilgesi sinirlart iginde 1999 yilinda agilan Diyar Galleria, bugiinkii anlamiyla
Diyarbakir’da kurulan ilk aligveris merkezidir. Eski kent merkezi olan Suri¢i’ne yakin bir
mevkide yer alan Diyar Galleria kuruldugu ilk yillarda canli bir aligveris merkezi iken Galleria
zaman iginde bu oOzelligini kaybetmis [41] ve 2023 yilinda yasanan deprem nedeniyle
yikilmigtir. 2002 yilinda Mega Center ve 2007 yilinda Babil aligsveris merkezleri agilmig [41],
ancak sonraki yillarda kapanmistir. Alis veris merkezlerinin kent i¢inde aktif rol alabilmeleri
icin ¢esitli  kriterler tasimalar1 gerekli olup, aksi takdirde cazibesini zamanla
kaybedebilmektedirler. Aligveris merkezlerinin kurulacagi muhtemel yerlerin yakin ¢evresinde
ikamet eden niifusun fazla olmasi, goriiniirliigl, erisilebilirligi, ulasim imkanlari, alan
biiyiikliigii gibi bircok faktoriin dikkate alinmasi gereklidir. Dolayisiyla, aligveris merkezleri
genellikle erisilebilirligi yiiksek islek yollar kenarinda ya da onemli yollarin birbirine
baglandig1 kavsak noktalarinda konumlandirilmalidir.

Diyarbakir sehrinde Sanliurfa, Mardin ve Elazig yollariin kesistigi noktalar énemli kavsak
noktalarini olusturmaktadir. Bu yollar yerlesmenin de bu eksenlerde gelismesini saglamis olup
yogun olarak kullanilmaktadir. Ulasim olanaklarinin gelismis olmasi alig-veris merkezleri i¢in
daha fazla miisteri anlami tagimaktadir. Bu sebeple alig-veris merkezleri Sanliurfa Bulvari,
Diclekent Bulvari ve Turgut Ozal Bulvan iizerinde kurulmustur. Bu ana yollar, yogun
olmalarinin yaninda genis olduklar1 icin aligveris merkezlerinin goriiniirliglinii de
arttirmaktadir [29]. Modern aligveris merkezleri kurulurken goz oniinde bulundurulan birgok
faktor bulunmaktadir. Bu faktorlerden en Onemlilerinden birisi de alisveris merkezinin
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kuruldugu yerin iyi belirlenmesidir. Aligveris merkezinin konumunun belirlenmesi asamasinda
konumun etki alani, etki alani igerisinde bulunan niifus miktar1 ve niifusun gelir diizeyi goz
oniinde bulundurulur. Aligveris merkezi hitap edecegi miisteri kitlesinin en az ¢aba ile en kisa
zamanda ulasabilecegi bir mesafe dikkate alinarak kurulmalidir. Aligveris merkezinin
kuruldugu yer ile aligveris merkezine gelecek olan miisterinin isyerinden veya evinden aligveris
merkezine ulagsmasi 6zel arag ile 30 dakikay1 bulabilmektedir. Toplu tagima araglari ile merkeze
ulasmaya calisan kisilerin ise indikleri durak ile merkez arasindaki mesafenin yiirlime
mesafesinde olup 200 metreden fazla olmamasi gerekmektedir [30].

Giliniimiizde, Diyarbakir'daki alisveris merkezleri, yalnizca aligveris degil, ayn1 zamanda sosyal
etkinliklerin, kiiltirel bulugmalarin, eglencelerin merkezi haline geldigi goézlenmektedir.
Calismada, Diyarbakir kentinde bulunan dért AVM’nin kent ve kamusal mekan kavramlari
acisindan degerlendirilmesi amaciyla sorular sorulmustur. Calismaya katilan 140 6grenciden
86 kisi (%61,4) kadin, 54 kisi (%38,6) erkektir.

Ogrenciler tarafindan en ¢ok tercih edilen aligveris merkezi %64,3 orani ile Ceylan Karavil
olup, bunu sirastyla %23,6 oraniyla Forum AVM, %7,1 oraniyla Winstown AVM ve %5 orani
ile Ninova Park takip etmektedir (Gorsel 5). Aligveris merkezlerine ¢ogunlukla ayda bir ya da
haftada bir gidilmektedir. Ankete katilan 6grencilerin %35,7’si ayda bir, %35°i haftada bir,
%15,7’si haftada birden fazla, %10’u yilda birka¢ kez ve %3,6’s1 nadiren ziyaret etmektedir
(Gorsel 6).

@ Ninova Park @ Haftada birden fazla
@ Ceylan Karavil @ Haftada bir
Forum Diyarbakir Ayda bir

m @ Winstown Avm @ Yilda birkag kez

@ Nadiren / Hig

L
Gorsel 5. En Cok Gidilen Ahsveris Merkezi | Gorsel 6. Alisveris Merkezlerini Ziyaret
Etme Sikhigi

Ankete katilan 6grencilerin %73,6’s1 aligveris merkezini aligveris, yemek gibi ihtiyaglarini
karsilamak, %30,7’si yasadig1 yere yakin ve kolay ulasim saglayabildigi icin, %24,3’1i sosyal
etkinlikler, sinema, eglence, zaman gecirmek, %5°1 calisma/toplant1 gibi 6zellikleri nedeniyle
tercih etmektedir (Gorsel 7).

Algverig, Yemek gibi

%
ihtiyaglanimizi kargilayacak her... 103 (%73.6)

Sosyal Etkinlikler, Sinema,

34 (%24,3
Edlence gibi kaliteli zaman gegi... ( )

Yasadidiniz yere yakin olmasi ve

o
kolay ulagim yollanimin olmasi 43 (%30,7)

Galigma / Toplanti

Diger (Litfen belirtiniz) ll—2 (%1.4)
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Gorsel 7. Alisveris Merkezlerini Ziyaret Etme Nedeni

Ankete katilan 6grencilerin %56,1°1 toplu tasima, %29,52’si 6zel aragla, %13,7’s1 yiirliyerek
aligveris merkezlerine ulasim sagladiklarini belirtmislerdir (Gorsel 8). Ogrencilerin %81,9’u
Ceylan Karavil AVM’ye toplu tasima ile kolay ulagim saglamaktadir (Gorsel 9).

@ VYiiriiyerek @ Ninova
@ Bisiklet @ Ceylan Karavil
© Ozel Arag @ Forum Diyarbakir

@ Toplu Tagima @ Winstown Avm

@ Diger (Lutfen belirtiniz)

Gorsel 8. Aligveris Merkezine Gitmek Icin | Gorsel 9. Toplu Tasima ile Kolay Ve Rahat
Kullanilan Ulasim Araci Ulasilan Alisveris Merkezi

Ogrencilere aligveris merkezlerindeki dinlenme alanlar1 ile acgik ve yesil alanlarin yeterlilik
durumu sorulmus ve %70,7’si  “hayir” cevabii vermistir. Alisveris merkezlerinin sosyal
etkilesim ve toplumsal iligkiler iizerindeki etkisi ile ilgili soruya 6grencilerin %45°1 “etkili”,
%30 “u “ne etkili ne etkisiz”, ve %17,1’1 “¢ok etkili” cevabini vermistir (Gorsel 10). Ankete
katilan Ogrencilerin %57,2’si aligveris merkezlerinin giivenli oldugunu diisiinmektedir.
Aligveris merkezlerinin konfor diizeyi ile ilgili soruya dgrencilerin % 47,1°1 “orta” %37,9’u

[{3e 1]

iyi”, %8,6’s1 “cok iyi” cevabini vermistir (Gorsel 11).

@ Cok etkili @ Cok iyi
® Eili @y
® Orta

= @ Ne etkili ne de etkisiz \
5 @ Etkisiz ‘ 7 " @ Koti
s @ Cok etkisiz . @ Cok ktii

Gorsel 10. Alsveris Merkezlerinin Sosyal | Gorsel 11. Alisveris Merkezlerinin Konfor
Etkilesim ve Toplumsal iligkiler Uzerindeki | Diizeyi

Etkisi
Aligveris merkezlerinin mimari tasarim 6zelliklerinin degerlendirildigi soruya 6grencilerin
%60°1 “orta”, %22,1°1 “iyi”, %8,6’s1 “¢cok iyi”, %7,9’u “kotli” cevabini vermistir (Gorsel 12).
Aligveris merkezlerinin i¢ mekan diizenlemeleri ve dekorasyon 6zelliklerinin degerlendirildigi
soruya ogrencilerin %61,4’1 “orta”, %26,40 “iyi”, %6,4’1 “cok iyi” ve %5,7°si “kotii”
cevabini vermistir (Gorsel 13).
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@ Cok iyi

2 @ Cok iyi
® g' @ lyi
rta
Orta
@ Kot @ Kot
@ Cok kéti @ Cok kétil

P
|

26,4%

Gorsel 12. Ahsveris Merkezlerinin Mimari Gorsel 13. Alisveris Merkezlerinin ic Mekan

Tasarim Ozellikleri

Diizenlemeleri ve Dekorasyon Ozellikleri

Aligveris merkezlerinin ¢evre dostu uygulamalarinin ve siirdiiriilebilirlik c¢abalarinin
sorgulandigi soruya 6grencilerin %52,1°1 “orta”, %22,9’u “koti”, %13,67s1 “iyi”, %6,4’1 “cok
iyi”, %5’ “cok kotii” cevabini vermistir (Gorsel 14). Ogrencilere incelenen aligveris
merkezlerinin kent dokusu ile uyumu sorulmus, %49,3’0 “hayir”, %36,2’si “kismen” ve
%14,5°1 “evet” cevabini vermistir.

@ Cok iyi
@y
Orta
@ Kotu
@ Cok kétii

B
L 4

Gorsel 14. Ahsveris Merkezlerinin Cevre Dostu Uygulamalar1 Ve Siirdiiriilebilirlik Cabalari

Mimarlik 6grencilerine Diyarbakir kentindeki AVM’lerde degistirmek istedikleri 6zellikler
sorulmug ve verilen cevaplar Cizelge 4’teki gibidir:

Cizelge 4. Ahsveris merkezlerine iliskin olumsuz yonler

Kategori Olumsuz Yonler
Trafik, Ulasim ve - Forum ve Winston AVM'lerine ulasimin zor olmasi.
Erisilebilirlik -Ceylan AVM ¢evresindeki trafik yogunlugu.

- Otopark alanlarinin yetersiz olmasi.

Sosyal ve Eglence
Alanlari

- Sosyal alanlarin kiiciik, islevsiz ve yetersiz olmasi.
- Forum AVM'de dinlenme alanlarinin yetersizligi.
- Agik alanlarin az olmasi.

- Eglence alanlariin eksikligi.

Mimari Tasarim,
Estetik ve Konfor

- Winstown AVM'in {ist ortiisiiniin uygun olmamasi ve yazin sicaklardan
dolayi kullanilamamasi.

- D1s cephelerin duragan olmas.

- Ic mekan diizenlemelerinin yetersiz, giiriiltiilii ve kalabalik olmast.

Sehir Dokusu ve
Uyumu

- Tasarimlarin kentin kimligiyle ve dokusuyla uyumsuz olmasi.
-AVM'lerin dis cephe tasarimlariin kenti yansitmamasi.
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Iklim, Cevre Dostu - Winstown AVM’nin Diyarbakir iklimine uygun olmamasi.
Tasarimlar ve - Havalandirma sistemlerinin, ses akustigi ve 1giklandirmanin yetersiz

Cevresel Faktorler olmasi, giiriiltii seviyesinin yliksek olmasi.

- Aligveris merkezlerinin ¢evre dostu olmamasi ve doga ile uyumsuz
olmalari.

-Yapilardaki teraslarin uygun olmamasi.
Hijyen ve Temizlik | - Hijyen sorunlar1 ve temizlik eksikliklerinin bulunmasi.
- Tuvalet say1s1 yetersiz olmasi.

Diger - Kullanicilar igin yeterli oturma alanlarinin bulunmamas.
- Sirkiilasyon alanlarinin yetersiz olmasi.
-Giivenlik ve konfor eksiklikleri.

Ogrencilerin verdigi yanitlara gore en ¢ok tercih edilen alisveris merkezi Ceylan Karavil’dir.
Bunun sebebi, yapiin 6nemli ulagim akslar1 iizerinde konumlanmasi ve grencilerin kolay
erisebilmesidir. Bunun aksine Forum ve Winstown AVM’ne 6grencilerin ulagimi kisithdir.
Diyarbakir’da en son agilan Winstown AVM, geleneksel mimariye uygun olmasi agisindan
yart acgik sekilde tasarlanmis ancak yazin sicaktan kisin ise yagislardan dolayr AVM’de
gezerken gerekli konforun saglanmadigi ve Ogrencilerin bundan memnun olmadigi
gorilmustiir.

3. SONUCLAR

Toplumun ihtiyaglarini tek bir yap1 i¢cinde karsilayabildigi 6nemli mekéanlardan olan aligveris
merkezleri, bircok fonksiyonu bir arada barindirarak cazibe merkezi niteligi tagimaktadir.
Aligveris merkezlerinin kolay ve rahat ulasilabilir, konforlu, estetik, esnek ve siirdiiriilebilir
yapilar olmalar1 kullanici tizerinde olumlu etki birakarak ziyaret¢i sayisinin artmasina yol
acmaktadir. Bu baglamda, alisveris merkezlerinin bulundugu kentin dogal, kiiltiirel, tarihi
dokusuna uyumlu tasarlanmalari, dogal ¢evrenin korunmasini ve siirdiiriilebilirligi onceleyen,
yerel ve ulusal ekonominin yararim1 diisiinen insan odakli mekanlar olmasi gereklidir.
Diyarbakir ornekleminde olumsuz yonlerin azaltilmasi ve sorunlarin 6nlenmesi amaciyla
Cizelge 5°te belirtilen hususlara dikkat edilmelidir.

Cizelge 5. Ahgveris Merkezlerine Iliskin Oneriler

Kategori Oneriler

Trafik, Ulasim ve -Ulasim aglar iyilestirilmeli.

Erisilebilirlik -Aligveris merkezlerinin oldugu akslarda toplu tasima sistemi gelistirilmeli.
- Yeni aligveris merkezleri i¢in kolay ulasilabilir lokasyonlar segilmeli.

- Otopark alanlar1 genisletilmeli ve arttirilmali.

Sosyal ve Eglence - Sosyal alanlar daha genis ve konforlu hale getirilmeli.

Alanlari - Acik ve yesil alanlar, dinlenme alanlar1 artiritlmali.

- Teraslar genisletilmeli.

- Sosyal alanlar ve eglence olanaklar1 zenginlestirilmeli ve ¢esitlendirilmeli.
- Ortak alanlar daha erisilebilir ve kullanici dostu olmali.

Mimari Tasarim, - Winstown AVM'nin {ist Ortiisiiniin yerine kabuk sistemler kullanilmali.
Estetik ve Konfor | - Dis cephe tasarimlari1 daha dinamik hale getirilmeli.

- I¢ mekanlar daha genis, konforlu ve akustik agidan uygun olmali.

- Dinlenme alanlari genigletilmeli ve konforu artirilmali.

Sehir Dokusu ve - Sehir dokusuyla uyumlu, kentin kiiltiirinii yansitan tasarimlar gelistirilmeli.
Uyumu - Yerel malzemeler kullanarak sehre 6zgii estetik cepheler olusturulmali.
- Kent kiiltiirii ve ihtiyaglarina uygun yapilar tasarlanmali.
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Iklim, Cevre Dostu | -Diyarbakir iklimine uygun, ¢evre dostu ve siirdiiriilebilir tasarimlara yer
Tasarimlar ve verilmeli.

Cevresel Faktorler | - Ses yalitimi iyilestirilmeli ve giiriiltii engelleyici 6nlemler alinmali.

- Isiklandirma diizenlemeleri ile daha aydinlik ve rahat ortamlar
olusturulmali.

- Havalandirma sistemleri gelistirilmeli.

- Stirdiiriilebilir malzemeler kullanilmali.

Hijyen ve Temizlik | - Temizlik standartlar arttirilmali.
- Tuvalet sayilar1 ve hijyen seviyesi iyilestirilmeli.

Diger - Sirkiilasyon alanlarinda daha fazla oturma alan1 eklenmeli.
- Giivenli ve konforlu alanlar artirilmali.

Sonug olarak, Diyarbakir’da bulunan aligveris merkezlerinin olumsuz yanlar1 bulunmasina
ragmen, Ozellikle gen¢ niifusun sik kullandiklari alanlardir. Kentteki AVM’lerin belirli
bolgelerde yogunlagsmasi, farkli semtlerde yasayan kullanicilar igin ulagim agisindan dezavantaj
olusturmaktadir. Ayrica, ulasim sistemine bagli olarak AVM’lerin kullanim sikliklar
degiskenlik gostermektedir. Bu cercevede, siirdiirtilebilir ulasim ve mimari uygulamalarinin
aligveris merkezleri kapsaminda ele alinmasi 6nemlidir. Tasarim ve konumlandirmalarinda
yalnizca ekonomik degil, sosyo-mekansal boyutlar da ele alinmalidir. KAYNAKCA
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OZET

Bu arastirma, mikro yercekiminde egzersiz ve astronot sagligi lizerine yapilan kiiresel
caligmalar1 bibliyometrik yontemlerle incelemeyi amaglamistir. Nitel arastirma desenlerinden
dokiiman incelemesi yontemi gerg¢evesinde yiiriitiilen bu arastirmada bibliyometrik inceleme
teknigi kullanilmistir. Belirlenen arama kriterleri dogrultusunda 2015-2025 yillar1 arasindaki
ilgili veriler yalnizca “Web of Science” veri tabanindan elde edilmistir (n=446). Elde edilen
verilerin analizi “VOSviewer” yazilimi araciligiyla gerceklestirilmis ve analiz siirecinde {i¢
temel bibliyometrik inceleme gerceklestirilmistir. Ik olarak, anahtar kelime isbirligi ag
olusturularak yercekimsiz ortamda egzersiz arastirmalarindaki tematik odaklar ve egilimler
belirlenmistir. Ikinci olarak, kurumsal isbirligi ag1 incelenerek bu alanda 6ne ¢ikan iiniversite
ve arastirma merkezlerinin goriiniirliigii ile aralarindaki isbirlikleri degerlendirilmistir. Ugiincii
olarak ise, yazar isbirligi ag1 analiz edilerek bireysel arastirmacilarin bilimsel iiretkenlik
diizeyleri ve igbirligi iliskileri ortaya konmustur. Bulgular, alanin bugiin biiyiik 6lciide
fizyolojik etkiler ve egzersiz temelli karsi-onlemler etrafinda yogunlastigini, ancak ufukta yeni
arastirma damarlarinin  belirmekte oldugunu gostermektedir. Ozellikle biyoteknoloji ve
miihendislik yaklagimlarinin agin ¢evresinde yer almasi, gelecekte alanin yoniini
degistirebilecek bir potansiyeli isaret etmektedir. Sonug olarak, 2015-2025 doneminde egzersiz
temelli mikro yercekimi arastirmalarinin fizyolojik etkiler ve egzersiz karsi-onlemleri etrafinda
yogunlastigini; ancak biyoteknoloji, miihendislik ve kiiresel isbirliklerinin gelecekte alanin
yoniinii  ¢esitlendirecek potansiyele sahip oldugunu ortaya koymaktadir. Ydntemsel
siirliliklara ragmen, daha kapsamli veri tabanlari, ¢ok dilli igerikler ve disiplinler arasi
isbirlikleriyle desteklenecek arastirmalar, alanin bilimsel ve stratejik katkilarini
giiclendirecektir.

Anahtar Kelimeler: Mikro yercekimi arastirmalari, Fizyolojik etkiler, Egzersiz karsi-
onlemleri, Uluslararasi igbirligi, Disiplinler arasi biitiinlesme
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1. GIRIS

Insanli uzay uguslari, mikro yergekimine uzun siireli maruziyet nedeniyle ortaya ¢ikan 6zgiin
fizyolojik zorluklar barindirmaktadir (Greenleaf vd., 1989). Diinya’nin yercekim kuvvetri
ortadan kalktiginda, viicuttaki bir¢ok sistem hizli ve belirgin degisimler gecirmektedir (Fitts
vd., 2000). Uygun kars1 onlemler alinmadiginda bu degisimler astronotlarin sagligini ve gorev
performansini olumsuz etkileyebilir. Bu baglamda kemik yogunlugu ve kas kiitlesi azalir
(Bonanni vd., 2023); kardiyovaskiiler sistem kondisyon kaybina ugrar ve viicut sivilari yeniden
dagilir (Shen & Frishman, 2019); norovestibiiler sistemdeki uyum siirecleri ise denge ve
koordinasyonu degistirir (Bonanni vd., 2023). Bu tepkiler, uzay ortamina uyum saglama
acisindan anlamli olsa da, gorev sirasinda giivenlik riskleri yaratmakta ve Diinya’ya doniiste
iyilesme siirecini zorlastirmaktadir. Uluslararas1 uzay ajanslar1 ve 6zel sektor, Uluslararasi
Uzay Istasyonunda (ISS) uzun siireli gorevler ile gelecekteki Ay ve Mars kesiflerine
hazirlanirken, bu riskleri anlamak ve azaltmak uzay tibbinin temel 6nceliklerinden biri haline
gelmistir.

Egzersiz tabanli kars1 onlemler, mikrogravitede astronot sagligini korumada en ¢ok arastirilan
ve uygulanan yontemlerdir. ISS’teki ucus programlarinda, Gelismis Direng Egzersiz Cihazi
(ARED) gibi diren¢ antrenman sistemleri, kosu bantlar1 ve bisiklet ergometreleri temel
araglardir (Shen & Frishman, 2019). Bu cihazlar, kas-iskelet ve kardiyovaskiiler sistemleri
uyararak yercekimi yiikiinii taklit eder, boylece kondisyon kaybini1 yavaslatir veya tersine
cevirir. Son yillarda kisa yaricapl santrifiij ile yapay yercekimi, titresim antrenmani ve hibrit
egzersiz protokolleri gibi yeni yontemler de arastirma giindemine girmistir (Bosutti vd., 2025;
Convertino, 1996). Ayrica, egzersiz programlarinin yogunlugu, siiresi ve siklig1 gibi unsurlari
en iyi sekilde belirlemeye ve biyomedikal izleme ile kisisellestirmeye yonelik caligmalar
artmistir (English vd., 2020; Loehr vd., 2015; Smith vd., 2012).

20152025 arasinda, mikrogravitede egzersiz konusundaki bilimsel ¢caligmalar hizla artmis ve
bu artista teknolojik gelismeler, uluslararasi is birlikleri ve uzay kesiflerinde insan
performansinin stratejik oneminin etkili oldugu diistiniilmektedir. Literatiir; ISS miirettebatiyla
yapilan deneylerden (Trappe vd., 2009), Diinya’daki yatak istirahati ¢aligmalarima (Winnard
vd., 2019), parabolik ucus deneylerinden (Iwase vd., 1999) bilgisayar modellerine (Liu vd.,
2022) kadar genis bir yelpazeyi kapsamaktadir. Bu cesitlilik, konunun egzersiz fizyolojisi,
biyomekanik, havacilik tibbi, rehabilitasyon bilimi ve miihendislik gibi farkli disiplinleri bir
araya getirdigini ve kiiresel Olcekte karst onlemlerin gelistirilmesine yonelik yogun cabay1
gostermektedir. Bu ¢ok yonlii literatiirii anlamak i¢in bibliyometrik analiz, arastirma alanini
haritalamak, egilimleri gormek ve is birligi aglarini1 ortaya ¢ikarmak agisindan giiclii bir teknik
olarak kullanilabilir. Bu baglamda bu arastirma, 2015-2025 arasinda mikro yergekiminde
egzersiz ve astronot sagligi lizerine yapilan kiiresel ¢aligmalari bibliyometrik yontemlerle
incelemeyi amaglamaktadir.

Bu aragtirmadan elde edilecek bulgular, hem mevcut bilgi birikiminin durumunu hem de
gelecekteki aragtirma yonelimlerini anlamaya yardimer olacaktir. Bulgular, politika yapicilar
ve fon saglayicilar i¢in Oncelikli kurumlar1 belirlemede, uluslararasi is birliklerini
giiclendirmede ve heniiz yeterince arastirilmamis alanlara dikkat cekmede yol gosterici olabilir.
Uzay tibb1 uygulayicilar1 ve miihendisler iginse, literatliriin evrimi ve i¢ baglantilarinin
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anlasilmasi, karst Onlem sistemlerinin gorev gereksinimleriyle uyumlu sekilde gelismesini
saglayacaktir.

2. YONTEM
Arastirma Modeli

Bu arastirma, nitel aragtirma desenlerinden biri olan dokiiman incelemesi yontemi ¢er¢evesinde
yuriitiilmustiir. Calismada, yercekimsiz ortamda egzersiz ve astronot saglig1 konusuna iligkin
literatiirdeki mevcut bilimsel {iretimin sistematik bir bi¢imde degerlendirilmesini amaglayan
bibliyometrik inceleme teknigi kullanilmistir. Aragtirma siirecinde yalnizca Web of Science
(WoS) veri tabani kullanilmig ve belirlenen arama kriterleri dogrultusunda 2015-2025 yillari
arasindaki ilgili veriler bu veri tabanindan elde edilmistir. Web of Science, bilimsel yayinlarin
yiiksek giivenilirlikle indekslendigi uluslararasi bir kaynak olmasi nedeniyle tercih edilmistir.
Veri toplama asamasinin ardindan, diga aktarilan bibliyografik veriler VOSviewer (versiyon
1.6.17) yazilim1 aracilifiyla analiz edilmistir. Analiz siirecinde {i¢ temel bibliyometrik inceleme
gerceklestirilmistir. Ik olarak, anahtar kelime esbirligi ag1 olusturularak yercekimsiz ortamda
egzersiz arastirmalarindaki tematik odaklar ve egilimler belirlenmistir. ikinci olarak, kurumsal
isbirligi ag1 incelenerek bu alanda 6ne ¢ikan {iniversite ve aragtirma merkezlerinin goriniirliigii
ile aralarindaki isbirlikleri degerlendirilmistir. Ugiincii olarak ise, yazar isbirligi ag1 analiz
edilerek bireysel arastirmacilarin bilimsel tiretkenlik diizeyleri ve isbirligi iliskileri ortaya
konmustur.

Arastirma Verilerinin Toplanmasi

Arastirmanin veri toplama siireci, 10 Agustos 2025 tarihinde WoS veri tabaninda yer alan
“detayli arama” sekmesi kullanilarak gergeklestirilmistir. Arama islemi, yer¢ekimsiz ortamda
egzersiz ve astronot sagligi konusuna odaklanan bilimsel yaymnlar1 belirlemek amaciyla
olusturulan Ingilizce anahtar kelimeler aracihifiyla yiiriitiilmiis ve konuya 6zgii ¢alismalar:
kapsayacak sekilde ¢esitli filtreleme Olgiitleri uygulanmistir. Bu kapsamda kullanilan filtreleme
kriterleri Cizelge 1°de ayrintili olarak sunulmustur.

Cizelge 1. Arastirma Verilerinin Toplanmasi Siirecinde Kullanilan Filtreleme Kriterleri

Kriter Aciklama

Anahtar Kelimeler (“microgravity” OR “spaceflight” OR “International Space
Station” OR “ISS”) AND (“exercise” OR “countermeasure” OR
“treadmill” OR “resistance training”) AND (““astronaut health”
OR “muscle” OR “bone” OR “cardiovascular’)

Alan Kategorileri Tiim alanlar (no category restriction)
Belge Tiirii Arastirma makalesi

Zaman Araligi 2015-2025

Indeksler Tiim indeksler
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Belirtilen filtreleme kriterlerinin uygulanmasi sonucunda toplam 446 adet arastirma makalesine
ulasilmistir. Elde edilen kayitlarin disa aktarim siirecinde, WOS arayiiziinde “Export” sekmesi
iizerinden “Tab Delimited File” formati tercih edilmistir. Agilan pencerede “All records on
page” secenegi isaretlenmis; “Record Content” bdliimiinde ise “Full Record and Cited
References” tercihi yapilmistir. Tiim se¢imler tamamlandiktan sonra “Export” komutu verilerek
ilgili bibliyografik kayitlar indirilmis ve bibliyometrik analiz siirecinde kullanilmak {izere
hazirlanmistir. Elde edilen veriler, sonraki asamada VOSviewer (versiyon 1.6.17) yazilimi ile
analiz edilerek anahtar kelime esbirligi, kurumsal isbirligi ve yazar igbirligi aglarinin
gorsellestirilmesi saglanmistir.

Veri Analizi

Bu arastirmanin veri analizi siirecinde, bibliyometrik iligkilerin gorsellestirilmesine olanak
saglayan VOSviewer (version 1.6.17) yazilim1 kullanilmigtir. WOS veri tabanindan elde edilen
veriler analiz silirecinde, VOSviewer arayiiziinde su adimlar izlenmistir: Yazilimin giris
ekraninda “File” meniisii altindan “Create” segenegi secilmis, ardindan agilan pencerede
“Create a map based on bibliographic data” komutu ile devam edilmistir. Sonraki asamada veri
kaynag1 olarak “Web of Science” belirlenmis ve arastirmaya dahil edilen ¢alismalardan elde
edilen Tab Delimited formatindaki veri dosyalar1 programa yiliklenmistir. Caligmanin amacina
uygun olarak ii¢c temel bibliyometrik analiz gerceklestirilmistir. Ilk olarak, anahtar kelime
esbirligi ag1 (co-occurrence of keywords) olusturularak yercekimsiz ortamda egzersiz
arastirmalarindaki tematik odaklar ve egilimler belirlenmistir. ikinci olarak, kurumsal isbirligi
ag1 (co-authorship by organization) analiz edilerek bu alanda 6ne ¢ikan kurumlar ile kurumlar
aras! isbirlikleri degerlendirilmistir. Ugiincii olarak ise, yazar isbirligi ag1 (co-authorship by
author) incelenerek bireysel arastirmacilarin yayin iiretkenlikleri ve isbirligi diizeyleri ortaya
konmustur. Her analiz tiirii i¢in, “type of analysis” ve “unit of analysis” bilesenleri Cizelge 2’de
gosterildigi sekilde yapilandirilmistir.

Cizelge 2. VOSviewer Analiz Tiirii ve Birimleri

Analiz Tiirii Analiz edilen Sayim Yontemi Esik Degeri
parametreler
Anahtar Kelime Tiim anahtar Tam sayim 2
Esgoriiniimii kelimeler
Ortak Yazarlik Kurum Tam sayim 2
(Kurumlar)
Ortak Yazarlik Yazar Tam sayim 2
(Yazarlar)

Her analizde esik degeri olarak minimum 2 kez goriinme kosulu uygulanmis; gorsellestirme
asamasinda ise her analiz birimi i¢in ele alinacak 6ge sayisi, VOSviewer tarafindan otomatik
olarak belirlenen maksimum deger ile sinirlandirilmistir. Bu silire¢ sonunda, literatiirdeki
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tematik kiimelenmeler ile yazar ve kurumlar arasi isbirlikleri gorsellestirilmis ve yergekimsiz
ortamda egzersiz ve astronot sagligi alaninin yapisal 6zellikleri ortaya konmustur.

3. BULGULAR

Bu calismada elde edilen verilere dayanarak, ii¢ farkl igbirligi agina iliskin gorsellestirmeler
olusturulmustur. Gorsel 1, arastirma alanindaki temel kavramlar arasindaki iliskileri ortaya
koyan Anahtar Kelime Eggoriinim Ag1 Gorsellestirmesini sunmaktadir. Bu ag, literatiirde
hangi anahtar kelimelerin 6ne ¢iktigin1 ve aralarindaki baglantilarin giiclinii gostermekte,
boylece alandaki tematik yogunlagmalar1 vurgulamaktadir. Gorsel 2, farkli kurumlar tarafindan
yiiriitiilen ortak aragtirmalari inceleyen ve isbirli§i acisindan hangi kurumlarin merkezi
konumda oldugunu belirleyen Kurumsal Isbirligi Ag1 Gérsellestirmesini gdstermektedir. Son
olarak, Gorsel 3, bireysel arastirmacilar arasindaki ortakliklar1 ele alan ve akademik
isbirliklerinin en yogunlastig1 odak noktalarini belirleyen Yazar Isbirligi Ag1 Gorsellestirmesini
sunmaktadir. Bu ii¢ gorsellestirme birlikte degerlendirildiginde, arastirma egilimleri, isbirligi
yapilar1 ve bilgi paylagiminin yonelimi tizerine kapsamli bir bakis agis1 saglamaktadir.
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countermeasures

locomotion

musculoskeletal
moderate ercise test "
spaceflight . cardiorespiratory regulation i, i
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tail suspension este ’
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Gorsel 1. Anahtar Kelime Esgoriiniim Gorsellestirmesi

Gorsel 1’de ki ag gorsellestirmesi, egzersizle iligkili mikro yercekimi arastirmalarinda 6ne
cikan kavramlarin birbirleriyle olan iliskilerini gostermekte ve literatiirdeki tematik
yogunlagmalart ac¢iga ¢ikarmaktadir. Gorselin  merkezinde yer alan “microgravity
(mikroyer¢ekimi)” terimi en gii¢lii ve en sik baglantilariyla arastirma alaninin ¢ekirdegini
olustururken, etrafinda kiimelenen diger kavramlar bu merkezle kurduklar iliskiler {izerinden
kendi alt temalarini sekillendirmektedir. “Exercise (egzersiz)” ve “muscle loading (kas
yiklenmesi)” gibi terimlerin mikroyercekimi ile kardiyovaskiiler (cardiovascular) ve iskelet
sistemi (bone, musculoskeletal) kavramlar1 arasinda koprii kurmasi, egzersiz temelli karsi-
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3

onlemlerin (countermeasures) literatiirde merkezi bir rol oynadigini gostermektedir. Ozellikle
“bone (kemik)”, “bone mineral density (kemik mineral yogunlugu)” ve “cardiovascular
(kardiyovaskiiler)” diigimleri kirmiz1 alt kiimede yogunlasarak mikroyercekiminin fizyolojik
etkilerini O6ne c¢ikarirken, bu diiglimlerin egzersizle giiclii baglar kurmasi, karsi-onlem
caligmalarinin temel dayanagini ortaya koymaktadir. Bununla birlikte “astronaut (astronot)”,
“motion sickness (hareket hastaligi/uzay yolculugu kaynakl rahatsizlik)” ve “deconditioning
(dekondisyon, kondisyon kaybi1)” gibi kavramlarin ayri bir kiimelenme gdstermesi, operasyonel
faktorlerin ve insan performansina iliskin sorunlarin literatiirde bagimsiz ama iligkili bir
aragtirma hatt1 olarak ele alindigin1 diislindiirmektedir. Diger yandan “rehabilitation
(rehabilitasyon)”, “exercise therapy (egzersiz tedavisi)” ve “astronaut reconditioning
(astronotun yeniden kondisyon kazanmasi)” gibi terimler, ugus sonrasi toparlanmaya odaklanan
caligmalarin varligimi isaret ederken, “low back pain (bel agrisi)” gibi Klinik sorunlarla
dogrudan baglar kurarak literatiirdeki uygulamali yonii giiclendirmektedir. Daha periferik
konumda bulunan “biomechanics (biyomekanik)”, “constant force mechanism (sabit kuvvet
mekanizmasi)” ve “3D bioprinting (3 boyutlu biyoyazici/biyobaski)” gibi diiglimler ise
miihendislik (engineering) ve biyoteknolojiye (biotechnology) dayali yenilik¢i yaklagimlar
temsil etmekte, alanin heniiz ikincil ama gelismekte olan damarlarini gostermektedir. Biitiin bu
iligkiler bir arada degerlendirildiginde, mikroyer¢ekimi arastirmalarinda fizyolojik etkiler,
egzersiz tabanl karsi-Onlemler ve ucus sonrasi rehabilitasyon ekseninde yogunlasan iiclii bir
yap1 ortaya ¢ikmakta; bunun yani sira miihendislik ¢oziimleri ve biyoteknolojik yeniliklerin
gelecekte literatiirde daha merkezi bir rol iistlenme potansiyeli tasidigi goriilmektedir.
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Gorsel 2. Kurumsal Isbirligi A1 Gorsellestirmesi

Gorsel 2’de ki ag gorsellestirmesi, kurumlar arasi isbirligi agimi gostermekte ve uzay
arastirmalart baglaminda hangi kurumlarin merkezi bir konuma sahip oldugunu ortaya
koymaktadir. Gorselde en belirgin diigiim “NASA (Amerikan Ulusal Havacilik ve Uzay
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Dairesi)” olup, hem biiyiikliigii hem de diger kurumlarla olan ¢oklu baglantilari sayesinde agin
merkezinde konumlanmaktadir. Ozellikle “NASA Johnson Space Center (NASA Johnson Uzay
Merkezi)” ile giiglii bir i¢ baglanti ag1 olusturarak ABD merkezli arastirma isbirliklerinin
yogunlugunu gostermektedir. Bununla birlikte “Florida State Universty (Florida Eyalet
Universitesi)” de NASA ile yakin baglar kurmus ve akademik diizeyde katki saglayan dnemli
bir ortak olarak gériinmektedir. Avrupa tarafinda ise “European Space Agency — ESA (Avrupa
Uzay Ajansi)” bagimsiz fakat gii¢lii bir diiglim olarak yer almakta, NASA ile baglanti kurarak
transatlantik igbirligini gostermektedir. Avrupa igerisindeki baglantilar daha ¢ok Almanya
merkezli yogunlasmistir; “German Aerospace Center — DLR (Alman Havacilik ve Uzay
Merkezi)”, “Univ. Hosp. Cologne (K6Iln Universitesi Hastanesi)” ve “Berlin Inst. Hlth. (Berlin
Saglik Enstitiisii)” arasinda kuvvetli bir isbirligi hatt1 goriilmekte, bu durum o&zellikle
biyomedikal ve insan saglig1 odakli uzay arastirmalarinda Almanya’nin merkezi roliine isaret
etmektedir. Genel yapi incelendiginde, agin ABD ve Avrupa eksenli iki kutup {izerinden
sekillendigi, NASA’nin kiiresel dlgekte isbirliklerinde belirleyici bir merkez konumunda
oldugu ve ESA ile birlikte Almanya’daki akademik-tibbi kurumlarin Avrupa ayagini
giiclendirdigi anlagilmaktadir. Bu dagilim, uzay arastirmalarinda hem kurumsal hem de cografi
igbirligi dinamiklerinin disiplinler aras1 yoniiyle birlikte degerlendirildiginde, transatlantik
ortakliklarin alanin ilerleyisinde kritik bir rol oynadigini gostermektedir.
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Gorsel 3. Yazar isbirligi Ag1 Gorsellestirmesi

Gorsel 3’de ki ag gorsellestirmesi, arastirmacilar arasindaki isbirligi agini ortaya koymakta ve
alanda hangi yazarlarin merkezi konumda oldugunu gostermektedir. En biiyilik diiglimlerden
biri olan Lori L. Ploutz-Snyder, agin sol kisminda yogun sekilde kiimelenmis arastirmaci
grubunun merkezinde yer almakta, ozellikle Kirk L. English, Jeffrey W. Ryder, Meghan
Downs, Jessica M. Scott, Elizabeth Goetchius ve Robert Ploutz-Snyder ile gii¢lii baglantilar
kurmaktadir. Bu durum, ABD merkezli ekiplerin 6zellikle egzersiz ve karsi-onlemler iizerine
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yiiriittiigli yogun igbirligini yansitmaktadir. Agin ortasinda bulunan Stuart M. C. Lee ise koprii
rolilyle 6ne ¢ikmakta, Alan H. Feiveson, Jacob J. Bloomberg, Ajitkumar P. Mulavara ve
Michael B. Stenger gibi arastirmacilarla birlikte hem metodolojik hem de biyomedikal
arastirmalarda farkli kiimeler arasinda baglant1 saglamaktadir. Sag tarafta ise Jean D. Sibonga,
Sara R. Zwart ve Martina Heer’in yer aldig1 daha kii¢iik fakat kendi i¢inde giiclii sekilde
orglitlenmis bir grup goriilmektedir; bu kiime 6zellikle iskelet sagligi, kemik metabolizmasi ve
beslenme temal1 ¢aligmalarla iligkilendirilebilir. Genel ag yapisi incelendiginde, literatiirde ii¢
temel eksen One ¢ikmaktadir: Ploutz-Snyder etrafinda sekillenen egzersiz ve karsi-onlem odakli
grup, Lee ve ekibinin temsil ettigi metodolojik-fizyolojik kdprii grubu ve Avrupa merkezli
olarak konumlanan, daha uzmanlasmis ve odakli isbirligi agi. Bu yapi, alandaki bilimsel
iretimin belirli merkezlerde yogunlasmakla birlikte farkli uzmanlk alanlarini birbirine
baglayan ¢ok katmanli bir isbirligi agina dayandigin1 gostermektedir.

4. SONUCLAR VE DEGERLENDIRME

Bu c¢alisma, mikro yercekimi arastirmalarinin 2015-2025 déneminde nasil sekillendigine dair
biitiinciil bir tablo sunmaktadir. Bulgular, alanin bugiin biiyiik dl¢iide fizyolojik etkiler ve
egzersiz temelli karsi-onlemler etrafinda yogunlastigini, ancak ufukta yeni arastirma
damarlarinin belirmekte oldugunu gostermektedir. Ozellikle biyoteknoloji ve miihendislik
yaklagimlarinin agin g¢evresinde yer almasi, gelecekte alanin yoniinli degistirebilecek bir
potansiyeli isaret etmektedir.

Isbirligi aglar1 agistndan NASA’nin belirleyici merkezi konumu dikkat cekicidir. Bununla
birlikte Avrupa’daki kurumlarin giiclii varligi, transatlantik hattin bilimsel tiretimi domine
ettigini ortaya koymaktadir. Bu yap1, simdilik sinurlt bir cografi yogunlagsmaya isaret etse de,
Asya ve diger bolgelerden aktorlerin katilimiyla ¢ok merkezli bir evrimin miimkiin oldugu
sezilmektedir. BOyle bir genisleme, sadece cografi cesitliligi artirmakla kalmayip, bilgi
iretiminde yeni denge ve acilimlar da saglayacaktir.

Yazar igbirlikleri ise alanin yalnizca birkag¢ biiylik merkezin iirlinii olmadigini, aksine farkl
uzmanliklarin birbirine eklemlendigi ¢ok katmanli bir yapmin sekillendigini gostermektedir.
Ancak bu ¢ekirdek gruplar arasindaki baglarin smirliligi, disiplinler arasi etkilesimin heniiz
olgunlagmadigin1 diisiindiirmektedir. Gelecekte bu kopriilerin giliglenmesi, alanin daha
biitiinlesik ve yenilik¢i yaklagimlar gelistirmesini miimkiin kilacaktir.

Arastirmanin yontemsel tercihleri, elde edilen sonuglarin yorumlanmasinda bazi siirliliklar
dogurmaktadir. Oncelikle yalnizca Web of Science veri tabaninin kullanilmasi, Scopus,
PubMed veya Google Scholar gibi farkli veri tabanlarinda yer alan ¢alismalar1 kapsam dis1
birakmustir. Ayrica aramalarin yalnizca Ingilizce anahtar kelimeler iizerinden yapilmasi, farkli
dillerde yayimlanmis potansiyel katkilarin analize dahil edilmemesine yol a¢mustir.
Arastirmanin 2015-2025 yillart ile sinirlandirilmasi, alanin tarihsel gelisim ¢izgisini biitiinciil
olarak yansitmay1 zorlastirmistir. Yontemsel olarak bibliyometrik analizler yayin sayilari, atif
yogunluklar1 ve esgoriiniim iligkileri iizerinden c¢alistigindan, literatiiriin igeriksel derinligini
tam olarak ortaya koyamamaktadir. Son olarak, analizlerde kullanilan VOSviewer yaziliminin
parametrik sinirhiliklari, elde edilen gorsellestirmelerin alternatif araglarla yapilabilecek farkli
coziimlemelerle karsilastirilmasini engellemistir.
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Arastirmanin sinirhiliklart dikkate alindiginda, gelecekte yapilacak ¢alismalarin daha kapsamli
ve dengeli bir ¢ergevede ilerlemesi gerekmektedir. Ozellikle birden fazla veri tabaninin ve farkli
dillerde yayimlanmis ¢alismalarin dahil edilmesi, mikro yergekimi arastirmalarinin gériinmez
kalan boyutlarin1 ortaya cikararak daha kapsayici sonuglar saglayacaktir. Tarihsel zaman
araliginin genisletilmesi, alanin evrimini uzun vadeli bir perspektifle degerlendirmeye imkan
tantyacak; igcerik analizleriyle desteklenecek bibliyometrik yaklagimlar ise yayinlarin niceliksel
verilerinin Otesine gegerek daha derinlemesine bir kavrayis sunacaktir. Ayrica farkli
yazilimlarin ve analitik araglarin karsilastirmali olarak kullanilmasi, ag yapilarini ve tematik
yonelimleri daha esnek ve ¢cok boyutlu bigimde gorsellestirmeyi miimkiin kilacaktir. Tiim bu
yontemsel iyilestirmelerle birlikte, disiplinler arasi isbirliklerinin giiclendirilmesi ve kiiresel
katilimin genisletilmesi, mikro yer¢ekimi arastirmalarinin yalnizca bilimsel bilgi iiretiminde
degil, ayn1 zamanda uzay gorevlerinin stratejik planlanmasinda da daha etkili bir rol
iistlenmesini saglayacaktir.
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OZET

Bu arastirma, elektriksel kas stimiilasyonu (Electrical Muscle Stimulation, EMS) ile spor
performansi iligkisine yonelik bilimsel {iretimi bibliyometrik yontemlerle incelemeyi
amaclamaktadir. Calisma, nitel arastirma desenlerinden dokiiman incelemesi kapsaminda
yuriitiilmiis ve yalnizca Web of Science veri tabanindaki 2000-2025 yillar1 arasina ait 399
makale tizerinden gergeklestirilmistir. Elde edilen veriler VOSviewer yazilimi ile analiz edilmis
ve li¢ temel bibliyometrik inceleme yapilmistir: anahtar kelime esgoériinim agi, kurumsal
isbirligi ag1 ve yazar isbirligi agi. Bulgular, EMS literatiiriiniin {i¢ ana eksen etrafinda
sekillendigini gostermektedir. ilk eksen klinik uygulamalar, kas atrofisi ve fonksiyonel
iyilesmeye odaklanmaktadir. Ikinci eksen spor bilimleri baglaminda egzersiz, kuvvet gelisimi
ve noromiiskiiler aktivasyona y&nelmistir. Uciincii eksen ise multidisipliner tedavi
yaklagimlarin1 ve teknolojik optimizasyon arastirmalarini kapsamaktadir. Kurumsal igbirligi
aglari ¢aligmalarin belirli merkezlerde yogunlastigin1 ve bu merkezlerin klinik uygulamalar ile
spor bilimlerini birbirine bagladigini ortaya koymaktadir. Yazar isbirligi analizleri ise ii¢
aragtirma hattin1 6ne ¢ikarmaktadir: ndromiiskiiler fizyoloji ve performans gelistirme odakl
iretimler, klinik uygulamalar ile performans ¢alismalar1 arasinda koprii kuran arastirmalar ve
rehabilitasyon temelli katkilar. Sonug¢ olarak EMS arastirmalart spor bilimleri ile klinik
rehabilitasyon arasinda stratejik bir arayiiz olusturmakta ve egzersiz-benzeri bir uyaran olarak
giderek daha merkezi bir konuma yerlesmektedir. Alan giiclii bir akademik ¢ekirdege sahip
olmakla birlikte gelecekte disiplinler arasi ve uluslararasi igbirlikleriyle daha genis bir bilimsel
goriiniirlik ve uygulama ¢esitliligi kazanma potansiyeline sahiptir. Yontemsel sinirliliklara
ragmen farkli veri tabanlar1 ve ¢ok dilli igeriklerle desteklenecek ileri ¢alismalar EMS nin spor
bilimleri ve rehabilitasyon alanlarina yonelik katkilarini gii¢lendirecektir.

Anahtar Kelimeler: Elektriksel kas stimiilasyonu, Spor performansi, Egzersiz fizyolojisi,
Rehabilitasyon
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1. GIRIS

Son yillarda yenilik¢i antrenman yontemleri ile sportif performans arasindaki iliski, egzersiz
fizyolojisi ve spor teknolojilerindeki ilerlemelerin etkisiyle giderek hiz kazanmistir. Bu
yontemler arasinda Elektriksel Kas Uyarimi (Electrical Muscle Stimulation, EMS)
rehabilitasyon, sakatliklarin 6nlenmesi, performans gelistirme ve iyilesme siireclerinde genis
bir kullanim alanina sahip olmas1 nedeniyle dikkat ¢ekici bir teknik olarak 6ne ¢ikmaktadir.

EMS, yiizey elektrotlar1 araciligiyla uygulanan elektriksel impulslarla istemsiz kas
kasilmalarin1 uyararak c¢alismaktadir. Bu kasilmalar, istemli hareket sirasinda olusan
kasilmalara benzer oOzellikler gostermekte; dolayisiyla EMS, hem geleneksel egzersizi
destekleyici bir unsur olarak hem de istemli kasilmanin sinirli ya da miimkiin olmadig:
durumlarda bir alternatif olarak kullanilabilmektedir (Kemmler vd., 2012; Siff, 1990). Spor
bilimleri alaninda EMS, farkli perspektiflerden incelenmistir. Klinik ve rehabilitasyon odakl
caligmalar (Enoka vd., 2020; Nishida vd., 2016; Rushton, 2003), sakatlik veya uzun siireli
immobilizasyon sonrasinda kas giicii ve fonksiyonlarinin yeniden kazandirilmasinda EMS’in
etkinligini vurgulamaktadir (Doucet vd., 2012; Karatzanos vd., 2012). Performans odakl
aragtirmalar ise EMS’in kuvvet antrenman protokollerine katki potansiyelini (Dehail vd., 2008;
[lbak & Acak, 2022), yorgunlugun geciktirilmesindeki roliinii ve egzersiz sonrasi1 toparlanmayi
hizlandirici etkilerini incelemistir (Pinar vd., 2014). Bu ¢ift yonlii uygulama alani, EMS’1i tibbi
rehabilitasyon ile yliksek performans sporlari arasinda kdprii kuran benzersiz bir yontem olarak
one cikarmaktadir. EMS ve spor performansi iligskisine yonelik akademik yazin oldukca
cesitlilik gostermekte ve hizla gelismektedir. Kiigiik 6lgekli klinik deneylerden elit sporcularla
yiirlitiilen uygulamali aragtirmalara kadar farkli kapsamda calismalar gerceklestirilmis, ancak
siklikla heterojen bulgular elde edilmistir. Baz1 aragtirmalar kas hipertrofisi, anaerobik kapasite
veya toparlanma siirelerinde kayda deger gelismeler bildirirken, digerleri onemsiz ya da tutarsiz
sonuglara ulasmistir (ilbak, 2021; Millis & Levine, 2013; Parry vd., 2013). Bu farkliliklar,
alandaki genel egilimleri belirlemenin ve mevcut aragtirma ¢abalarini sekillendiren entelektiiel
yapiy1 ortaya koymanin énemini gostermektedir. Geleneksel literatiir incelemeleri bulgularin
sentezlenmesinde degerli katkilar sunsa da, bilimsel bir disiplinin ilerlemesini yonlendiren bilgi
tretim ve igbirligi kaliplarin1 kapsamli bigimde yansitmakta yetersiz kalabilmektedir. Bu
noktada bibliyometrik analiz gii¢lii bir yontemsel yaklagim olarak 6ne ¢ikmaktadir.

Yayimlanmig literatiiriin nicel olarak incelenmesine olanak taniyan bibliyometrik teknikler,
anahtar kelime esgoriintimleri, kurumsal isbirlikleri ve yazar aglar1 gibi yapisal oriintiileri
ortaya koymaktadir (Passas, 2024; Wallin, 2005). Bu baglamda bu teknik spor fizyolojisi,
rehabilitasyon, biyomedikal miihendislik ve sinirbilim gibi disiplinler arasi kesisimlerle
karakterize edilen bu aragtirma alani i¢in 6zellikle uygundur. Bu arastirmadan elde edilecek
bulgular, yalnizca akademik topluluk icin degil, ayn1 zamanda uygulayicilar ve politika
yapicilar i¢cin de EMS’in spor ve rehabilitasyon baglamlarinda kanita dayali olarak
entegrasyonuna rehberlik saglayabilir. Bu baglamda bu ¢aligma, alandaki bilgi yapisini ve
isbirligi aglarini sistematik bigimde haritalandirarak EMS aragtirmalarinin tarihsel gelisimini,
mevcut durumunu ve gelecekteki olast yonelimlerini kapsamli bir sekilde ortaya koymayi
amaclamaktadir. Boylelikle EMS’in spor bilimi i¢indeki bilimsel temelleri daha net anlasilacak;
ayn1 zamanda daha biitiinlesik ve isbirligine dayali arastirma yollari i¢in bir zemin hazirlanarak,
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gelecekteki calismalarin uygulamalart daha etkin bigimde bilgilendirmesi, performansi en tist
diizeye ¢ikarmasi ve sporcu sagligini desteklemesi miimkiin olacaktir.

2. YONTEM
Arastirma Modeli

Bu arastirma, nitel aragtirma desenlerinden biri olan dokiiman incelemesi yontemi ¢ergevesinde
yuriitiilmustiir. Calismada, Elektriksel Kas Stimiilasyonu (EMS) ve spor performansi
konusundaki bilimsel {iretimin sistematik olarak degerlendirilmesi amaciyla bibliyometrik
inceleme teknigi kullanilmistir. Arastirma siirecinde yalnizca Web of Science (WoS) veri tabani
tercih edilmis ve belirlenen arama kriterleri dogrultusunda 2000-2025 yillart arasindaki
yayinlar incelenmistir. WoS un uluslararasi diizeyde yiiksek giivenilirlige sahip bir indeksleme
sistemi sunmasi, bu veri tabaninin secilmesinde temel gerekce olmustur. Elde edilen
bibliyografik veriler disa aktarildiktan sonra VOSviewer (v.1.6.17) yazilimi kullanilarak analiz
edilmistir. Analiz siirecinde ii¢ temel bibliyometrik yaklasim benimsenmistir. ilk olarak,
anahtar kelime esbirligi ag1 olusturularak EMS ve spor performansi konusundaki tematik odak
noktalar1 ile arastirma egilimleri belirlenmistir. ikinci olarak, kurumsal isbirligi ag1 incelenerek
one ¢ikan tniversiteler ve arastirma merkezlerinin goriiniirliigii ile aralarindaki ortakliklar
degerlendirilmistir. Uciincii olarak ise yazar isbirligi ag1 analiz edilerek arastirmacilarin
iiretkenlik diizeyleri ve bilimsel isbirligi yapilar1 ortaya konmustur. Bu yontemsel yaklagim
sayesinde, EMS’nin spor bilimleri alanindaki arastirma yonelimleri, isbirligi aglar1 ve bilimsel
tiretim trendleri biitiinciil bir bakis agisiyla degerlendirilmistir.

Arastirma Verilerinin Toplanmasi

Arastirmanin veri toplama siireci 31 Agustos 2025 tarihinde Web of Science (WoS) veri
tabaninda bulunan “advanced search” sekmesi araciligiyla yiiriitiilmiistiir. Bu kapsamda EMS
ve spor performansi konusuna iliskin ¢alismalarin belirlenebilmesi i¢in Ingilizce anahtar
kelimelerden yararlanilmis ve yalnizca ilgili yayinlarin se¢ilmesini saglamak amaciyla g¢esitli
filtreleme oOl¢iitleri uygulanmistir. Kullanilan kriterler ¢izelge 1’de gosterilmektedir.

Cizelge 1. Arastirma Verilerinin Toplanmasinda Uygulanan WoS Arama ve Filtreleme Olgiitleri

Kriter Aciklama

Anahtar Kelimeler “electrical muscle stimulation” OR “neuromuscular electrical
stimulation” AND “sports performance”

Alan Kategorileri Tiim alanlar

Belge Tiirti Arastirma makalesi
Zaman Araligi 2000-2025
Indeksler Tiim indeksler
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Uygulanan arama ve filtreleme adimlarinin ardindan toplam 399 makale tespit edilmistir. Bu
caligmalarin bibliyografik bilgileri, WoS un “Export” arayiizii iizerinden disa aktarilmistir.
Cikt1 alinirken dosya formati1 “Tab Delimited File” olarak belirlenmis, kayit segeneginde “All
records on page” isaretlenmis ve igerik tiirii olarak “Full Record and Cited References” tercih
edilmistir. Bu islemler tamamlandiktan sonra veriler indirilmis ve bibliyometrik degerlendirme
siirecinde kullanilmak iizere diizenlenmistir. Ardindan kayitlar VOSviewer (v.1.6.17)
yazilimina aktarilmis; burada anahtar kelimelerin esgériiniim iliskileri, kurumlar arasi
igbirlikleri ve yazar aglar1 ¢cozlimlemeye tabi tutulmus ve gorsel haritalar olusturulmustur.

Veri Analizi

Bu aragtirmanin veri analizinde, bibliyometrik iliskilerin gorsellestirilmesine imkan taniyan
VOSviewer (v.1.6.17) yazilimi kullanilmistir. Web of Science veri tabanindan elde edilen
bibliyografik kayitlar, yazilimin arayiiziinde su adimlar izlenerek islenmistir: “File” mentisii
altindan “Create” secenegi ile yeni bir analiz baslatilmis, ardindan “Create a map based on
bibliographic data” komutu secilmistir. Veri kaynagi olarak “Web of Science” belirlenmis ve
aragtirmaya dahil edilen ¢alismalardan disa aktarilan Tab Delimited formatindaki dosyalar
programa yiiklenmistir. Arastirma kapsaminda {i¢ temel bibliyometrik analiz
gerceklestirilmistir. I1k olarak anahtar kelime esgoriiniimii analizi (co-occurrence of keywords)
uygulanarak EMS ve spor performansi literatiiriinde 6ne ¢ikan kavramsal odaklar ile arastirma
egilimleri belirlenmistir. ikinci olarak kurumsal isbirligi analizi (co-authorship by organization)
yapilmis ve EMS ¢aligmalarinda 6ne ¢ikan {niversiteler ile kurumlar arasi ortaklik yapilar
degerlendirilmistir. Uglincii olarak ise yazar isbirligi analizi (co-authorship by author)
gerceklestirilmis ve arastirmacilarin bireysel iiretkenlik diizeyleri ile aralarindaki bilimsel
igbirlikleri ortaya konmustur. Her analiz i¢in kullanilan parametreler ve yapilandirmalar
Cizelge 2°de 6zetlenmistir.

Cizelge 2. VOSviewer analiz tiirleri ve uygulanan élciitler

Analiz Tiiri Analiz Edilen | Sayim Yontemi Esik Degeri
Parametreler

Anahtar Kelime | Tim anahtar | Tam sayim 2

Esgoriiniimii kelimeler

Ortak Yazarlik | Kurum Tam sayimm 2

(Kurumlar)

Ortak Yazarlik | Yazar Tam sayimm 2

(Yazarlar)

Tiim analizlerde esik degeri olarak minimum iki tekrar kosulu uygulanmistir. Gorsellestirme
asamasinda ise her analiz birimi i¢in degerlendirilecek 6ge sayisi, VOSviewer yaziliminin
belirledigi maksimum sinir dogrultusunda sinirlandirilmistir. Bu siire¢ sonucunda EMS ve spor
performansi literatiiriinde tematik kiimelenmeler ile yazarlar ve kurumlar arasindaki igbirligi
yapilar ortaya ¢ikarilmig, alanin bilimsel iiretim dinamikleri gorsellestirilmistir.
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3. BULGULAR

Bu aragtirmadan elde edilen veriler 1s181nda, ti¢ farkl isbirligi agina iliskin gorsellestirmeler
olusturulmustur. Cizelge 1, arastirma alanindaki temel kavramlar arasindaki iliskileri ortaya
koyan Anahtar Kelime Esgoriiniim Agin1 gostermektedir. Bu ag, literatiirde 6ne ¢ikan anahtar
kavramlar1 ve aralarindaki baglantilarin giiciinii ortaya c¢ikararak, alandaki tematik
odaklanmalar1 daha goriiniir hale getirmektedir. Cizelge 2, farkli kurumlar tarafindan ytiriitiilen
ortak arastirmalar1 inceleyen Kurumsal Isbirligi Agmna yer vermektedir. Bu gorsellestirme,
isbirligi dinamikleri icerisinde hangi kurumlarin merkezi bir konuma sahip oldugunu
belirlemeye olanak saglamaktadir. Son olarak, Cizelge 3, bireysel arastirmacilar arasindaki
ortakliklar1 yansitan Yazar Isbirligi Agimi sunmaktadir. Bu ag, akademik isbirliklerinin en
yogun bigimde kiimelendigi noktalar1 ortaya koymaktadir. Ug gorsellestirme birlikte
degerlendirildiginde, arastirma egilimleri, igbirligi yapilarmin isleyisi ve bilgi paylasiminin
yonelimi hakkinda biitiinciil ve kapsamli bir bakis acis1 saglanmaktadir.

electricalstimulation

fast-twitchimotor units ?g
functional recovery
denervated muscle augmentdigexperience
muscle atrophy wrtigatear
. ' »
lectrical muscle stinulati o
electrical muscle sti ation g Rt conirive
/Ny R @i
Y

muscle training exercisgitherapy L

agig

backtracking searth optimization

saréopef chrofipain

ipusness disturbance

electrical muscl%imulation (ems) electrode-motoneuron position

alzhein‘h‘sease

f vosviewer I

Gorsel 1. Anahtar Kelime Esgoriiniim Ag1 Gorsellestirmesi

Sekil 1’de sunulan ag gorsellestirmesi, “electrical muscle stimulation (EMS)” kavraminin
literatiirdeki diger anahtar terimlerle olan iligkilerini ortaya koymaktadir. Gorselin merkezinde
yer alan bu kavram, en yogun ve gii¢lii baglantilariyla arastirma alaninin ¢ekirdegini temsil
etmekte; ¢evresinde kiimelenen kavramlar araciligiyla farkli alt tematik yonelimler
belirginlesmektedir. Merkezin hemen yakininda yogun baglantilar kuran “muscle atrophy (kas
atrofisi)”, “sarcopenia (sarkopeni)” ve “functional recovery (fonksiyonel iyilesme)” terimleri,
EMS’nin 6zellikle kas kaybi ve yaslanmaya bagl islevsel gerilemelerin dnlenmesi veya
rehabilitasyonu kapsaminda one ¢ikan bir arastirma ekseni oldugunu gostermektedir. Bu

kiimelenme, ayn1 zamanda “denervated muscle (denervasyonlu kas)” ile giiclii baglar kurarak
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yontemin klinik rehabilitasyon siireglerindeki yerini vurgulamaktadir. Buna paralel olarak, agin
sag tarafinda yogunlasan “exercise (egzersiz)”, “strength conditioning (kuvvetlendirme
caligmalar1)” ve “fast-twitch motor units (hizli kasilan motor iiniteler)” diigtimleri, EMS nin
yalnizca klinik baglamda degil, aynm1 zamanda spor performansi ve antrenman bilimleri
kapsaminda da degerlendirildigini ortaya koymaktadir. Bu yapi, EMS’nin noéromiiskiiler
aktivasyon, kuvvet gelisimi ve yiliksek yogunluklu kas lifi uyarimi gibi performans artirici
islevlere sahip oldugunu gdstermektedir. Daha periferik diizeyde yer alan “chronic pain (kronik
agr1)”, “critical care (yogun bakim)” ve “electrode—motoneuron position (elektrot-motonéron
konumu)” gibi kavramlar, EMS’nin multidisipliner kullanim alanlarin1 (agr1 yonetimi, yogun
bakim rehabilitasyonu, uygulama parametrelerinin optimizasyonu) temsil etmektedir. Ote
yandan, “electrical muscle stimulation” ve ‘“Alzheimer’s disease (Alzheimer hastaligi)”
arasinda kurulan baglar, yontemin nérodejeneratif hastaliklarin rehabilitasyonuna yonelik yeni
arastirma damarlarini isaret etmektedir.

niigata univ hith & welf

hyogo univ hlth sci

j &6 teishi kyato univ chukyo univ
japan post ky@to teishin hosp Yy o toyama univ

kyoto univ hosp

A9 p
{;ﬁb VOSviewer

Gorsel 2. Kurumsal Isbirligi Ag1 Gorsellestirmesi

Sekil 2’de sunulan ag gorsellestirmesi, EMS ve spor performansi alaninda yiiriitiilen
arastirmalara katki saglayan kurumlar arasindaki isbirligi iliskilerini gostermektedir. Agin
merkezinde yer alan Kyoto University, en yogun baglantilarla diger kurumlara baglanarak
arastirma alaninin kurumsal diizeydeki ¢ekirdegini olusturmaktadir. Kyoto University’nin hem
Kyoto University Hospital hem de Japan Post Kyoto Teishin Hospital ile kurdugu isbirligi
hatlari, arasgtirmalarin klinik uygulamalarla giicli bir sekilde iliskili oldugunu ortaya
koymaktadir. Ayrica, Niigata University of Health and Welfare ile kurulan baglanti, bu alanin
saglik ve rehabilitasyon bilimleri perspektifinden de desteklendigini gostermektedir. Agin sag
tarafinda ise Chukyo University merkezli bir kiimelenme dikkat c¢ekmektedir. Chukyo
University’nin Hyogo University of Health Sciences ve Toyama University ile kurdugu yogun
baglar, EMS arastirmalarinin spor bilimleri ve saglik bilimleri ekseninde farkli kurumsal
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isbirlikleriyle giiclendigini gostermektedir. Bu kiimelenme, 6zellikle spor performansi, egzersiz
fizyolojisi ve klinik rehabilitasyon alanlarinda ortak arastirma iiretiminin yogunlastigini isaret
etmektedir.
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Gorsel 3. Yazar Isbirligi Ag1 Gorsellestirmesi

Gorsel 3’te sunulan ag gorsellestirmesi, EMS ve spor performansi arastirmalarinda 6ne ¢ikan
yazarlar arasindaki igbirligi dinamiklerini ortaya koymaktadir. Gorselde ii¢ ana kiimelenme
belirginlesmektedir. Ilk kiime (yesil alt grup), Moritani, Toshio etrafinda yogunlagsmaktadir.
Moritani, EMS arastirmalarinda en merkezi isim olarak dikkat ¢cekmekte; Miyamoto, Toshiaki,
Matsubara, Yasushi, Kimura, Tetsuya ve Watanabe, Kohei gibi yazarlarla kurdugu giiglii baglar
aracilifiyla Japonya merkezli arastirma hattin1 temsil etmektedir. Bu kiime, ozellikle
noromiiskiiler fizyoloji, kas aktivasyonu ve performans gelistirme konularinda
yogunlagmaktadir. Ikinci kiime (mavi alt grup), Hasegawa, Satoshi merkezinde
sekillenmektedir. Tamaki, Akira, Arai, Ryuzo ve Kobayashi, Masahiko gibi isimlerle birlikte
bu grup, Moritani ekibiyle de baglantilar kurarak koprii islevi gérmektedir. Bu yapi, EMS’nin
klinik uygulamalar ile performans odakli ¢aligmalar arasinda ara gecis alan1 olusturmaktadir.
Ugiincii kiime (kirmiz1 alt grup), Ichihashi, Noriaki, Nakamura, Masatoshi, Yanase, Ko, Ibuki,
Satoko ve Fujita, Kosuke gibi yazarlar etrafinda yogunlagsmaktadir. Bu grubun i¢ baglarinin
giiclii olmasi, EMS alaninda 6zellikle rehabilitasyon, klinik egzersiz terapileri ve uygulamali
saglik bilimleri odakli bir aragtirma damarini isaret etmektedir.

4. SONUCLAR VE DEGERLENDIRME

Bu calisma, electrical muscle stimulation (EMS) ve spor performansi alanindaki literatiiriin
bilgi yapisimi ve isbirligi dinamiklerini bibliyometrik bir bakis acisiyla ortaya koymustur. Ug
farkli ag gorsellestirmesinden elde edilen bulgular, arastirma alaninin kavramsal, kurumsal ve
yazarsal diizeyde nasil bicimlendigini biitiinciil bir sekilde gostermektedir.
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Anahtar kelime esgoriiniim aginda EMS’nin ii¢ ana eksen etrafinda yogunlastig1 goriilmiistiir.
Birinci eksen, kas atrofisi, sarkopeni ve fonksiyonel iyilesmeye odaklanan klinik
uygulamalardan olusmaktadir. Ikinci eksen, egzersiz ve performans gelistirme yaklasimlarini
icermekte; {ligiincli eksen ise multidisipliner tedavi ve teknolojik optimizasyon c¢alismalarini
temsil etmektedir. Bu yapi, EMS’nin yalnizca klinik baglamda degil, aym1 zamanda spor
bilimlerinde de giderek artan bigimde “egzersiz-benzeri bir uyaran” olarak ele alindigini ortaya
koymaktadir. Ozellikle yiiklenmenin sinirlandign ya da miimkiin olmadigi durumlarda,
EMS’nin spor performansi agisindan tamamlayici bir strateji olarak degerlendirilebilecegi
yoniinde giiclii ipuglart bulunmaktadir. Kurumsal isbirligi aglari, EMS arastirmalarinin biiytik
olglide Japonya merkezli gelistigini gostermektedir. Kyoto University’nin merkezde
konumlanarak hem klinik kurumlar hem de spor bilimleri odakli iiniversitelerle giiclii baglar
kurmasi, bu alanin klinik uygulamalar ile performans arastirmalarini bir araya getiren bir
cekirdek etrafinda gelistigini ortaya koymaktadir. Chukyo University’nin etrafinda sekillenen
ag ise spor bilimleri ve saglik bilimleri perspektifinden alternatif bir {iretim damar1 sunmaktadir.
Bu durum, EMS’nin yalnizca teorik bir arastirma alan1 olmadigini, ayn1 zamanda klinik ve
sportif sahalara entegre edilebilen uygulamali bir yon kazandigini gostermektedir. Yazar
isbirligi aglar1 ise literatiirde ii¢ belirgin arastirma hattini ortaya ¢ikarmigtir. Moritani grubunun
onciilik ettigi noéromiiskiiler fizyoloji ve performans odakli caligmalar alanin bilimsel
cekirdegini olustururken, Hasegawa grubunun katkilar1 klinik uygulamalar ile performans
arastirmalar1 arasinda koprii islevi gérmektedir. Ichihashi grubunun yogun rehabilitasyon
temelli tiretimleri ise EMS nin saglik bilimleriyle biitiinlesmesini saglamaktadir. Bu yap1, EMS
aragtirmalarinin hem spor performansini gelistirmeye hem de klinik rehabilitasyona hizmet
eden disiplinlerarasi bir alan olarak gelistigini teyit etmektedir.

Arastirmanin bulgular ¢ercevesinde, EMS’nin spor bilimlerinde yalnizca yardimci bir teknik
olarak degil, egzersiz bilimleri ile klinik rehabilitasyonu birbirine baglayan stratejik bir
aragtirma alan1 olarak giderek daha merkezi bir konum kazandigi sOylenebilir. Arastirma
alaninin mevcut yapist, bir yandan sporcularin performansini korumaya ve gelistirmeye yonelik
uygulamalara isaret ederken, diger yandan klinik rehabilitasyon siire¢lerine sagladig: katkilarla
disiplinleraras1 bir koprii islevi listlenmektedir. Ayrica aragtirmalarin biiyiik 6lciide Japonya
merkezli yiiriitiilmesi, alanda giiclii bir akademik ¢ekirdek olusturmus olsa da, gelecekte kiiresel
Olcekte daha genis ve gesitlenmis igbirliklerinin gelistirilmesi, EMS nin bilimsel gériiniirliiglinii
ve uygulama ¢esitliligini artirma potansiyeline sahiptir. Bu baglamda EMS arastirmalar1 hem
akademik hem de pratik diizeyde giderek giiclenen bir literatiir damar1 haline gelmektedir. Spor
performansinin korunmasi ve gelistirilmesi ile klinik rehabilitasyonun desteklenmesi arasinda
stratejik bir konumda yer alan bu alan, gelecekte disiplinlerarasi bir paradigma olarak daha da
onem kazanacaktir.
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Ozet

Bu c¢alismada, Avrupa melezi (Larix decidua Mill.) odununda tek (oksalik asit) ve ¢ift
komponentli (sodyum hidroksit ve hidrojen peroksit) agartma kimyasallarinin kullanilmasi ile
yapilan agartma islemleri sonarinda ki meydana gelen bazi optik 6zelliklerindeki degisimler
incelenmistir. Sonuclara gore, parlaklik testlerinin hepsinde her iki kimyasal uygulamalari ile
azaliglar elde edilmistir. Tek komponentli kimyasalin uygulamasi sonrasinda L*, b* ve h°
degerlerinde azaliglar goriiliirken, a* ve C* degerlerinde artislar tespit edilmistir. Cift
komponentli kimyasalin uygulamasi sonrasinda ise L* ve h°® degerlerinde artislar belirlenirken,
b*, a* ve C* degerlerinde azalislar bulunmustur. Buna ek olarak WI* degerlerinde her iki yonde
tek komponentli ile azalislar ve ¢ift komponentli ile artiglar belirlenmistir. Yapilan agartma
uygulamalar ile AE* degerleri tek komponentli kimyasal tarafindan 2.10 ve ¢ift komponentli
kimyasal tarafindan 3.04 olarak bulunmustur.

Anahtar kelimeler: Avrupa melezi, beyazlik indeksi, agartma, parlaklik degerleri, renk
parametreleri

Bleaching Applications on European Larch Wood
Abstract

In this study, the changes in some optical properties produced by the use of single (oxalic acid)
and double component (sodium hydroxite and hydrogen peroxide) bleaching chemistries in
European malaria (Larix decidua Mill.) wood are subtle changes in some optical properties.
Finally, in all of the brightness tests, reductions were obtained with both chemical alignments.
After the fitting of the single-component chemistry, decreases in the values of L*, b* and h°
were observed, while increases in the values of a* and C* were observed. After the fitting of
the pair-component chemical formula, there were increases in the values of L* and h°, while
decreases in the values of b*, a* and C*. Therefore, single-component decreases and double-
component increases are determined in both directions in the WI* values. According to the
bleaching matches, the AE* values were 2.10 for single-component chemistry and 3.04 for
double-component chemistry.

Keywords: European larch, whiteness index, bleaching, brightness values, color parameters

103


mailto:g.ulay@yyu.edu.tr

o S

0,

0

BINGOL 5% INTERNATIONAL CONFERENCE ON APPLIED SCIENCES
September 12-14, 2025 - BINGOL
ISBN NR. : 978-625-5694-34-8

ACADE,

My P

LY
onees

1. Giris

Larix cinsi, Kuzey Yarimkiire’nin daha serin bolgelerine yaygin olarak dagilmis yaklasik 15
yaprak doken agag tiiriinii icermektedir. Orta ve Kuzey Avrupa’da, Kuzey Amerika’da ve
Asya’da, Himalayalar’dan Sibirya ve Japonya’ya kadar yetigirler. Larix’in rakim aralig1 deniz
seviyesinden daglardaki {ist aga¢ sinirina kadar uzanmaktadir. Bir¢ok melez tiirii, ekonomik
acidan en Onemli tiirler arasinda yer aldiklar1 Asya’nin serin bolgelerinde yetismektedir
(Kriissmann, 1979; Horsman, 1988; Chalupa, 1991).

Avrupa melezi Larix decidua’nin (Miller) dogal yayilis alani, Larix europaea (De Candolle)
olarak da bilinmektedir ve siirekli olmayan bir dagilima sahiptir ve cografi olarak izole edilmis
dort irk tarafindan temsil etmektedir (McComb, 1955; Genys, 1960; Boyle ve ark., 1989;
Gilmore, 1992).

Avrupa melezi (Larix decidua Mill.), Avrupa’nin orta ve dogu daglarinda yetisen, agag
sinirlarmin list kisimlarinda agik ormanlar veya mera ormanlar1 olusturan, oncii, ¢cok uzun
omiirlii, hizl biiyliyen bir igne yaprakli agactir. Bu agag, Avrupa’da karasal alpin iklimlerine
uyum saglayan tek yaprak doken igne yaprakli agactir. Kisin ¢ok diisiik sicakliklara
dayanabilmektedir ve ignelerini dokerek yapraklarimin kurumasini Onlemektedir. Dogal
bozulmalardan sonra agik arazilerde kolonilesen bir gecis tiirlidiir. Saf ormanlar
olusturmaktadir, ancak daha ¢ok bagka bozulmalar olmadiginda onun yerini alan diger alpin
agag tiirleriyle birlikte bulunmaktadir. Uyum yetenegi ve ahsabinin dayaniklilig1 sayesinde bu
agag, dogal yayilis alanlarinin disinda bile dikilen alpin bolgelerde 6nemli bir ormancilik agaci
turtinii temsil etmektedir (Da Ronch ve ark., 2016).

Bu agag tiirii dogal olarak Siidetler, Alpler, Karpatlar’da (6zellikle Algak ve Yiiksek Tatra’da)
ve Polonya genelinde daginik popiilasyonlarda bulunmaktadir. Orman yonetimi sayesinde,
dagilim alanm tarih boyunca 6nemli Ol¢lide genislemistir. Antik caglarda bu agacin yalnizca
kerestesi i¢in degil, ayn1 zamanda terebentin iiretimi i¢in de degerli bir orman agaci oldugu
bildirilmistir (Qyen, 2006; Jansen ve Geburek, 2016).

Bu agacin bir diger 6zelligi de hem uzun hem de kisa siirgiinlii igne yaprakli olmasidir.
Fenolojileri farkli goriinmektedir. Kisa siirglinlerdeki igne yapraklhilar 20-40 igne yaprakli
kiiciik kiimeler halinde, uzun siirglinlerdeki igne yapraklilar ise doniislimlii olarak
dizilmektedir. Igne yapraklilar sonbaharda dokiilmektedir ve bu, Avrupa kozalakli agaglari
arasinda benzersizdir (Geburek, 2002; Fellner ve ark., 2016).

Bu agag tiirii az sayidaki yaprak doken igne yaprakli agaglardan biridir. Tek evcikli olup
riizgarla tozlagmaktadir. Bu agacin poleni kiigiik ve yuvarlaktir, hava kesecikleri igermez. Bu
nedenle riizgarla yalnizca 300 metreye kadar nispeten kisa mesafelerde tasinmaktadir. Bu
agaclar agik alanlarda 15 yasinda, kapali alanlarda ise 35-40 yasinda olgunluga ulagsmaktadir.
Bu agag ortalama 3-4 yilda bir tohum iiretmektedir. Bu agacin tohumlarinin %50’sinden fazlasi
bos olabilmektedir. Bu agag, Japon melezi (Larix kaempferi (Lamb.) Carr.) gibi diger bazi
melez tiirleriyle kolayca ¢aprazlanabilmektedir ve bunlarla cok degerli melezler tiretmektedir.
Bu agag, yeni bozulmus topraklarda acik arazilere yerlesen tipik bir dnciidiir. Isik talep eden bir
tiir olan bu agag, diger agaclarla 1yi rekabet etmez. Bu tiirler, yalnizca iklim kosullar1 rakiplerini
ortadan kaldirdiginda, 6rnegin daglarda, kalic1 ve sik ormanlar olusturmaktadir (Paques ve ark.,
2013).

Bu agaca ait odununda elastikiyet modiilii degeri 9045 MPa ve egilme direnci degeri ise 69.62
MPa (Chui ve MacKinnon-Peters, 1995) olarak belirlenirken, baska bir arastirmada ise
elastikiyet modiili degeri 6964 MPa ve egilme direnci degeri ise 58.60 MPa olarak (Olson ve
ark., 1947) bulunmustur.
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Bu calismada, farkli ozelliklerdeki agartma kimyasallarmin [tek (oksalik asit) ve gift
komponentli (sodyum hidroksit ve hidrojen peroksit)] kullanilmasi ile agartma islemlerine
maruz kalmis Avrupa melezi (Larix decidua Mill.) odunu yiizeylerinde meydana gelen bazi
optik ozelliklerindeki degisimler aragtirilmistir.

2. Materyal ve Metot

Arastirmada Avrupa melezi (Larix decidua Mill.) odunu deney 6rnekleri (100 mm x 100 mm x
10 mm boyutlarinda) ve agartma kimyasallar1 olarak su bazli tek komponentli (oksalik asit) ve
¢ift komponentli (sodyum hidroksit ve hidrojen peroksit) kullanilmistir. Bu kimyasallar ahsap
malzeme yiizeylerine bir fir¢a kullanilarak uygulanmistir.

Bu ¢alismada, beyazlik indeksi (WI*) degerleri (ASTM E313-15¢el, 2015), parlaklik testleri
(1ISO 2813, 1994) ve renk parametreleri (ASTM D 2244-3, 2007) belirlenmistir. Asagidaki
formiiller ile toplam renk farkliliklar1 belirlenmistir.

C* = [(@*)? + ()]’ &)
he = arctan (b*/a*) (2)
AC* = (C*agartma islemi gérmiis deney 6megi) - (C*kontrol) (3)
Aa* = (a*agartma islemi gormiis deney 6megi) - (a* kontrol) (4)
AL* = (L*agartma islemi g6érmiis deney 6megi) - (L* kontrol) (5)
Ab* = (b*agartma islemi gormiis deney 6megi) - (b* kontrol) (6)
AH* = [(AE¥)? - (AL*) - (AC*)°° (")
AE* = [(AL*)Z + (Aa*)z + (Ab*)z]o.s (8)

AC*, AH*, Aa*, Ab* ve AL* degerleri i¢in gesitli agiklamalar agagida verilmistir (Lange, 1999):
AC*: kroma kismi veya doygunluk farki, pozitif numune referanstan daha net, daha parlak,
negatif ornek mat, referanstan daha bulanik, Aa*: pozitif 6rnek referanstan daha kirmizi ve
negatif 0rnek referanstan daha yesil, AL*: pozitif 6rnek referanstan daha agik ve negatif 6rnek
referanstan daha koyu, Ab*: pozitif numune referanstan daha sar1 ve negatif numune referanstan

daha mavi ve AH*: ton boliimii veya gdlge farki. AE* i¢in kriterler (DIN 5033, 1979) Cizelge
1’de verilmistir.

Cizelge 1. AE* icin kriterler (DIN 5033, 1979)

Toplam farki (AE*) Gorsel fark Toplam farki (AE*) Gorsel fark
<0.2 Algilanamaz 3.0ila6.0 Cok belirgin
0.2ila0.5 Cok zayif 6.0ila12.0 Giiglii
05ilal5 Zayif >12.0 Cok giiclii
15ila3.0 Belirgin

(Calismada kullanilan cihazlara ait goriintiiler Sekil 1°de verilmektedir.
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3

Sekil 1. Calismada kullanilan cihazlar (A: beyazlik indeksi 6l¢iim cihazi, B: renk 6l¢tim cihazi
ve C: parlaklik 6l¢iim cihaz1)

3. Bulgular ve Tartisma

Toplam renk farkliliklarina ait sonuglar Cizelge 2°de verilmistir. AE* i¢in kriterler (DIN 5033,
1979) bakildiginda her iki grup kimyasallarinin “belirgin (1.5 ila 3.0)” kriterini verdigi tespit
dilmistir. AE* degerleri tek komponentli kimyasal tarafindan 2.10 ve ¢ift komponentli kimyasal
tarafindan 3.04 olarak elde edilmistir. AL* degerleri tek komponentli ile negatif (negatif 6rnek
referanstan daha koyu) olarak tespit edilirken, ¢ift komponentli ile pozitif (6rnek referanstan
daha agik) olarak belirlenmistir. Ab* degerleri her iki kimyasal uygulamasi ile negatif
(referanstan daha mavi) olarak bulunmustur. Aa* ve AC* degerleri tek komponentli ile pozitif
(siras1 ile Ornek referanstan daha kirmizi ve referanstan daha net, daha parlak) olarak elde
edilirken, ¢ift komponentli ile negatif (siras1 ile drnek referanstan daha yesil ve 6rnek mat,
referanstan daha bulanik) olarak bulunmustur (Cizelge 2).

Cizelge 2. Toplam renk farkliliklarina ait sonuglar
Uygulama AL* | Aa* Ab* | AC* | AH* | AE* | Renk Kriteri (DIN 5033, 1979)
Tek Komponentli | -1.71 | 1.22 | -0.09 | 037 | 1.17 | 2.10 Belirgin (L5 ila 3.0)
Cift Komponentli | 1.39 | 257 | -0.88 | -1.61 | 2.18 | 3.04 me

Cizelge 3’de, varyans analizi sonuglar1 sunulmaktadir. Biitiin testler iizerinde agartma
kimyasali tiirii anlamli olarak tespit edilmistir (Cizelge 3).

Cizelge 3. Varyans analizi sonuglari

Varyans Kareler Serbestlik Ortalama F “52'_05
Kaynag 1 Toplam Derecesi Kare Degeri G
Anlaml)
L* 47.975 2 23.988 241.852 0.000*
a* 74.680 2 37.340 657.420 0.000*
Z b 4671 2 2.336 15.365 0.000*
= C* 22.205 2 11.103 69.860 0.000*
E h° 319.129 2 159.564 555.678 0.000*
g 120° parlakhk 0.131 2 0.065 73.500 0.000*
E 160° parlaklik 16.261 2 8.130 307.450 0.000*
% 185° parlakhik 19.723 2 9.861 792.429 0.000*
E 20° parlakhk 0.323 2 0.161 77.786 0.000*
5 60° parlakhk 19.185 2 9.592 389.463 0.000*
)21” 85 parlakhik 103.491 2 51.745 718.685 0.000*
WI* (1) 133.704 2 66.852 158.556 0.000*
wi* (D 181.266 2 90.633 529.559 0.000*
L* 2.678 27 0.099
a* 1534 27 0.057
b* 4.104 27 0.152
C* 4.291 27 0.159
h° 7.753 27 0.287
© 120° parlakhk 0.024 27 0.001
£ 160° parlaklik 0.714 27 0.026
185° parlakhk 0.336 27 0.012
20° parlakhk 0.056 27 0.002
60° parlakhk 0.665 27 0.025
85 parlakhk 1.944 27 0.072
WI* (1) 11.384 27 0.422
wi* (D 4621 27 0.171
L* 162544.733 30
c a* 2073.292 30
% b* 16016.613 30
L c* 18092.844 30
h° 149949.476 30
120° parlakhik 12.700 30
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160° parlaklik 206.480 30
185° parlakhk 33.660 30
20° parlakhk 13.980 30
60° parlakhk 290.450 30
85 parlakhk 165.360 30
WI* (1) 34784.300 30
wi= ([ 20325.730 30
L* 50.653 29
a* 76.213 29
b* 8.775 29
E c* 26.496 29
= h° 326.882 29
= 120° parlakhik 0.155 29
£ 160° parlaklik 16.975 29
= 185° parlakhk 20.059 29
?q; 20° parlakhk 0.379 29
a 60° parlakhik 19.850 29
85 parlakhik 105.435 29
WI* (1) 145.088 29
wi* (|h 185.887 29

Biitiin testlere ait 6l¢iim sonuglar1 Cizelge 4’de gosterilmistir. L* degerlerinin tek komponentli
ile azaldig1 (%2.31) ve ¢ift komponentli ile arttig1 (%1.89) goriilmiistiir. a* degerlerinin tek
komponentli ile artis (%14.17) ve ¢ift komponentli ile azalis (%29.85) elde edilmistir. b*
degerlerinin tek komponentli (%0.38) ve ¢ift komponentli (%3.76) ile azalislarin elde edildigi
goriilmiistiir. C* degerlerinin tek komponentli ile arttig1 (%1.44) ve ¢ift komponentli ile azaldig1
(%6.49) sonucuna varilmistir. h® degerlerinde ise tek komponentli ile azalis (%3.69) ve gift
komponentli ile artis (%7.56) tespit edilmistir. Parlaklik testleri {izerinde her iki kimyasal
uygulamalar ile azalislar bulunmustur. Buna ek olarak WI* degerlerinde her iki yonde tek
komponentli ile azalislar (L i¢in %11.31 ve || icin %4.72) ve ¢ift komponentli ile artiglar (L
icin %2.57 ve || icin %18.27) tespit edilmistir (Cizelge 4).

Cizelge 4. Test sonuglari

T A‘gartma Orta- | Degisim '.*°”!°' Standart | Mini- | Maksi- | Varyasyon
est Kimyasali | & jenlik
2 ama (%) Sapma mum mum Katsayisi
Tiirii Grubu

Agartma islemi yok | 73.70 - B 0.38 73.21 74.23 0.52
L* Tek Komponentli 72.00 12.31 C** 0.36 71.43 72.40 0.50
Cift Komponentli 75.09 11.89 A* 0.14 74.87 75.34 0.19
Agartma islemi yok | 8.61 - B 0.27 8.17 8.92 3.09
a* Tek Komponentli 9.83 114.17 A* 0.29 9.17 10.14 2.97
Cift Komponentli 6.04 129.85 C** 0.12 5.86 6.19 1.97
Agartma islemi yok | 23.42 - A* 0.39 22.91 24.14 1.65
b* Tek Komponentli 23.33 10.38 A 0.43 22.81 23.96 1.86
Cift Komponentli 22.54 13.76 B** 0.34 22.08 23.15 1.53
Agartma islemi yok | 24.96 - B 0.43 24.33 25.70 1.73
C* Tek Komponentli 25.32 11.44 A* 0.42 24.79 25.84 1.65
Cift Komponentli 23.34 16.49 C** 0.34 22.92 23.92 1.45
Agartma islemi yok | 69.72 - B 0.50 68.89 70.39 0.72
h° Tek Komponentli 67.15 13.69 C** 0.71 66.47 69.06 1.05
Cift Komponentli 74.99 17.56 A* 0.33 74.42 75.39 0.45
Agartma islemi yok | 0.74 - A* 0.05 0.70 0.80 6.98
120° Tek Komponentli 0.60 118.92 B** 0.00 0.60 0.60 0.00
Cift Komponentli 0.60 118.92 B** 0.00 0.60 0.60 0.00
Agartma islemi yok | 3.54 - A* 0.21 3.20 3.80 5.84
160° Tek Komponentli 1.85 147.74 C** 0.14 1.70 2.00 7.32
Cift Komponentli 2.15 139.27 B 0.14 2.00 2.30 6.30
Agartma islemi yok | 1.82 - A* 0.19 1.60 2.00 10.62
185° Tek Komponentli 0.10 194.51 B** 0.00 0.10 0.10 0.00
Cift Komponentli 0.10 194.51 B** 0.00 0.10 0.10 0.00
Agartma islemi yok | 0.82 - A* 0.08 0.70 0.90 9.62
[|[20° | Tek Komponentli | 0.60 | |26.83 B** 0.00 0.60 | 0.60 0.00
Cift Komponentli 0.60 126.83 B** 0.00 0.60 0.60 0.00
" 60° Agartma islemi yok | 4.12 - A* 0.24 3.80 4.40 5.92
Tek Komponentli 2.29 144.42 C** 0.09 2.20 2.40 3.82
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Cift Komponentli 2.60 136.89 B 0.08 2.50 2.70 3.14
Agartma islemi yok | 4.04 - A* 0.46 3.50 4.40 11.50
|85° | Tek Komponentli | 0.10 | 97.52 B** 0.00 010 | 0.0 0.00
Cift Komponentli 0.10 197.52 B** 0.00 0.10 0.10 0.00
Wi* Agartma islemi yok | 35.00 - B 112 33.10 36.00 3.20
) Tek Komponentli 31.04 11131 C** 0.05 31.00 31.10 0.17
Cift Komponentli | 35.90 12.57 A** 0.07 35.80 | 36.00 0.19
Wi Agartma islemi yok | 24.79 - B 0.09 24.70 24.90 0.35
b Tek Komponentli | 23.62 14.72 C** 0.60 23.00 | 2450 2.55
Cift Komponentli | 29.32 118.27 A* 0.38 28.90 | 29.70 1.29

Ol¢iim Sayisi: 10, Homojenlik Grubu siitunu i¢in *: En yiiksek deger, **: En diisiik deger

4. Sonuclar

Calismada kullanilan ahsap malzemede yapilan agartma uygulamalarn ile renk
parametrelerinde, WI* degerlerinde ve parlaklik degerlerinde degisimlerin oldugu sonucuna
ulasilmistir.
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Ozet

Bu ¢alismada, Amerikan cevizi (Juglans nigra L.) odununda visne agaci reginesinin, ahsap
koruyucu (mat ve yar1t mat) verniklerinin ve tik yaginin uygulanmasi sonrasinda meydana gelen
renk parametrelerindeki degisimleri arastirilmistir. Sonuglara gore, AE* degerleri yar1 mat
koruyucu ile 8.92 visne agaci recinesi ile 9.45, mat koruyucu ile 10.52 ve tik yagi ile 16.08
olarak elde edilmistir. Yapilan uygulamalar sonrasinda h® ve L* parametrelerinde azalislar elde
edilmigtir. C*ve a* parametrelerinde artiglar belirlenmistir. b* parametresinde tik yagi
uygulamasi ile azalis tespit edilirken, diger kimyasallara ait uygulamalar ile artiglar
goriilmiistiir. AL* degerleri negatif olarak tespit edilirken, Aa* ve AC* degerleri ise pozitif
olarak bulunmustur. Ab* degerleri ise farkli durumlar sergilemistir. Calismada Amerikan cevizi
odunu yiizeylerinde kullanilan yiizey koruyucular ile farkli renk parametrelerini elde dildigi
gorilmiistiir.

Anahtar Kelimeler: Renk parametreleri, Amerikan cevizi, tik yagi, mat ve yart mat, visne
agaci reginesi

Application of Cherry Tree Resin, Wood Preservative (Matte and Semi-Matte)
Varnishes and Teak Oil on American Walnut Wood

Abstract

This study investigated the changes in color parameters of American walnut (Juglans nigra L.)
wood following the application of cherry resin, wood preservatives (matte and semi-matte), and
teak oil. The results showed that AE* values were 8.92 with semi-matte preservative, 9.45 with
cherry resin, 10.52 with matte preservative, and 16.08 with teak oil. Following these treatments,
decreases were observed in the h° and L* parameters. Increases were observed in the C* and
a* parameters. A decrease in the b* parameter was observed with the application of teak oil,
while increases were observed with the application of other chemicals. AL* values were
negative, while Aa* and AC* values were positive. Ab* values, however, exhibited varying
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patterns. The study observed that surface preservatives used on American walnut wood surfaces
produced different color parameters.

Keywords: Color parameters, American walnut, teak oil, matt and semi-matte, cherry tree resin
1. Giris

Karaceviz (Juglans nigra L.), Kuzey Amerika’nin dogusundaki yaprak doken ormanlarda
yaygin olarak bulunmaktadir. Kanada’nin Ontario eyaletine kadar kuzeyde, Kansas ve New
Jersey’e kadar bat1 ve doguda (Vermont’a kadar daginik olarak bulunmaktadir) ve giineyde
Kuzey Florida’ya kadar elverisli alanlarda daginik ceplerde yetismektedir (Williams, 1990;
Victory ve ark., 2006).

Kuzey Amerika’nin en saygin kaliteli sert agaclarindan biri olarak kabul edilen ve diinya
capinda kaliteli sert agaclarin aristokrati (Anonim, 1998; Nicolescu ve ark., 2020) olarak
taninan karaceviz, Amerika Birlesik Devletleri'nin orta ve dogu kesimlerinde ve Kanada’nin
giiney Ontario bolgesinde bulunmaktadir (Rink, 1985; Nicolescu ve ark., 2020).

Yiiksek kaliteli kereste iireten karaceviz ormanlarinin kurulmasi, yalnizca yeterli neme, iyi
havalandirilmis ve tercihen hafif, besin ve humus acisindan zengin topraklara sahip alanlarda
miimkiindiir. Sik tohum {iretimi ve nispeten yiiksek verim potansiyeline sahip, hizli biiyiiyen
bir tiirdiir. Bircok amag i¢in kullanilan dayanikli ve yiiksek kaliteli bir ahsaba sahiptir (Fiihrer
ve ark., 2008; Rédei ve Antal, 2017; Rédei ve ark., 2019).

Juglandaceae familyas: icerisinde kara ceviz, ekonomik agidan en degerli tiir olup, USDA
dayaniklilik bolgelerinin dort ila dokuzunda yetisebilmektedir (Dirr, 1998; Stevens, 2016).
Verimli alanlarda yetisen olgun agaclar 30-46 m yiikseklige ve gogiis hizasinda 183 cm ¢apa
ulagsabilmektedir (Schlesinger ve Funk, 1977; Stevens, 2016).

Agacin hemen hemen her bdliimii insanlarin ge¢imini saglamada degerli bir rol oynamustir.
Bunlar arasinda findiklarin tiiketilmesi ve findik kabuklarinin boya amagli kullanilmasi,
ahsabin ¢it, demiryolu traversleri, yakacak odun, tiifek dip¢igi ve kaliteli mobilyalarda
kullanilmasi yer almaktadir. Karaceviz ayrica orman hayvanlari i¢in énemli bir agactir ve
ozellikle sincaplar i¢in barinak ve yem saglamaktadir. 20. yiizyilda, karaceviz arastirmacilari
bu degerli tiiriin ekolojisini, lireme biyolojisini ve fenotipik ¢esitliligini incelemeye basladiklari
bildirilmistir (Victory ve ark., 2004).

Ceviz agaclari, yliksek kaliteli keresteleri nedeniyle Avrupa'da yiiksek bir pazarlama talebine
sahiptir. Ceviz agaci, daha agik tag, ge¢ yapraklanma ve erken yaprak dokiimii gibi 6zellikleri
sayesinde mahsullerle 151k rekabetinin nispeten diisiik olmasi nedeniyle tarimsal ormancilik
sistemleri i¢in miikemmel bir sekilde uygundur. Ayrica, ceviz agaci yapraklar1 besin dongiisiinii
hizlandiran 1yi bir altlik olusturmaktadir (Pardon ve ark., 2020; Heim ve ark., 2022).
Karaceviz, allogam, monoik ve anemofil odunsu bir tiirdiir. Erkek ve disi ¢igekler ayn1 agacta
yetigse de, dikogamdir: ayni1 agacin disi ¢igekleri alict oldugunda erkek ¢icekler genellikle polen
dokmez. Polen dokiilmesi, disi ¢igekler alict hale gelmeden 6nce gergeklesirse protandri, disi
cicekler alic1 hale geldikten sonra gerceklesirse protojini olarak adlandirilmaktadir (Cecich,
1998; Pang, 2014).

Ahsabin rengi, fiziksel bir 6zelligidir. Dogal ahsap rengi, tiire ve kimyasal bilesime, yani tanen
ve flavonoid pigmentlerin varligina baghdir. Habitat kosullar1 da ahsap rengi iizerinde 6nemli
bir etkiye sahiptir (Stachowiak-Wencek ve ark., 2015).

Bu calismada, Amerikan cevizi (Juglans nigra L.) odununda visne agaci reginesinin, ahsap
koruyucu (mat ve yari mat) verniklerinin ve tik yaginin uygulanmasi sonrasinda meydana gelen
renk degisimleri arastirilmistir.

2. Materyal ve Metot
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Bu ¢alismada, Amerikan cevizi (Juglans nigra L.) odunu kullanilmistir. Odun 6rnekleri 100
mm x 100 mm x 20 mm boyutlarinda hazirlanmistir. Ornekler iizerinde iklimlendirme islemleri
gergeklestirilmistir (ISO 554, 1976).

Calismaya ait deneysel tasarim asagida verilen sekilde olusturulmustur:

Kontrol grubu: Herhangi bir uygulama yapilmamis deney orneklerini belirtmektedir.

Mat ahsap vernigi: Alkid esasli ve seffaf yapidadir. 24 saat arayla iki kat olarak uygulanmais,
tek katta 1 litre ile 10-28 m? alan kaplanmustir.

Yar1 mat ahsap vernigi: Alkid esash ve seffaftir. 24 saat arayla iki kat uygulanmis, tek katta 1
litre ile 12-18 m? alan kaplanmustir.

Tik yag1: Tek bilesenli, seffaf ve sentetik recine esaslidir. Tek katta 1 litre ile 16-88 m? alan
kaplanmustir.

Vigne agaci recinesine ait koruyucu sivi: Vigne agaci reginesi sicak suda kaynatilarak elde
edilmistir. Ahsap yiizeylere fir¢ca yardimiyla tek kat olarak uygulanmistir. Devaminda oda
kosullar1 ortaminda 24 saat siireyle kurutulmustur.

Vernikleme islemleri, ASTM D3023-98 (2017) standardina uygun olarak gerceklestirilmistir.
Uygulama 0ncesi ve sonralarina ait ylizeyler {izerinde renk parametreleri CS-10 cihazi (ASTM
D 2244-3, 2007) ile belirlenmistir. Asagidaki formiiller ile toplam renk farkliliklart
hesaplanmastir.

AH* = [(AE*)? - (AL*)2 - (AC*)]°S (1)
Aa* = (a* islem gérmﬁ§) - (a* islem gérmemis) (2)
AL* = (L* islem gérmiis) - (L* islem gérmemis) (3)
C* = [(@*) + (b*)1°° (4
AE* = [(AL%)? + (A2%)? + (AD*)]°° (5)
AC* = (C* islem gérmﬁ$) - (C* islem g('irmemis) (6)
h® = arctan (b*/a*) @)
Ab* = (b* islem gérmﬁ@) - (b* islem gérmemis) (8)

AC*: kroma kismu veya doygunluk farki ve AH*: ton boliimii veya golge farki olarak
tanimlanmistir (Lange, 1999). Renk parametreleri hakkinda bazi 6nemli bilgiler [AL*, Aa*, Ab*
ve AC* degerlerine ait tanimlamalar (Lange, 1999) ve AE* kiyaslama kriterleri (DIN 5033,
1979)] Cizelge 1’de verilmistir.

Cizelge 1. Renk parametreleri hakkinda bazi 6nemli bilgiler

AL*, Aa*, Ab* ve AC* degerlerine ait tammlamalar (Lange, 1999)
Parametre Pozitif durumda Negatif durumda
AC* Referansa gore, daha net ve daha parlak Mat, referansa gore daha bulanik
Aa* Referansa gore daha kirmizi Referansa gore daha yesil
Ab* Referansa gore daha sari Referansa gére daha mavi
AL* Referansa gore daha acik Referansa gore daha koyu
AE¥* i¢in kriterler (DIN 5033, 1979)
AE* degeri Gorsel fark AE* degeri Gorsel fark
<0.20 Algilanamaz 3.00 ila 6.00 Cok belirgin
0.20ila 0.50 Cok zayif 6.00ila 12.00 Giiglii
0.50ila 1.50 Zayif >12.00 Cok giiclii
1.50ila 3.00 Belirgin

Bir istatistik programi ile varyans analizleri, en diisiik ve en yiliksek Ol¢limlere ait veriler,
ortalamalar, standart sapma, % degisim oranlar1 ve homojenlik gruplar1 hesaplanmistir.

3. Bulgular ve Tartisma
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Renk parametrelerine ait SPSS sonuglar1 ve toplam renk farkliliklarina ait sonuglar1 Cizelge
2’de sunulmustur.

Cizelge 2. Renk parametrelerine SPSS sonuglart

Olgiim sonuclari
Test Koruyucu Orta- | Degisim | Homojenlik Standart Mini- | Maksi-| Varyasyon
Kimyasal Tiirii lama (%) Grubu Sapma mum mum Katsayisi
Kontrol 52.43 - A* 0.46 51.93 53.10 0.87
Mat koruyucu 42.79 118.39 D 0.37 42.12 43.38 0.86
L* Yar1 mat Koruyucu | 44.10 115.89 B 0.22 43.81 44.48 0.51
Tik yagi 3741 128.65 E** 0.25 37.11 37.87 0.66
Visne agaci recinesi | 43.81 116.44 C 0.18 4351 44.07 0.42
Kontrol 6.11 - E** 0.15 5.91 6.39 2.42
Mat koruyucu 10.25 167.76 B 0.37 9.85 10.75 3.59
a* Yar1 mat koruyucu 9.16 149.92 D 0.26 8.72 9.47 2.82
Tik yagi 11.68 191.16 A* 0.29 11.26 12.09 2.51
Visne agaci recinesi 9.92 162.36 C 0.27 9.23 10.19 2.70
Kontrol 13.94 - B 0.20 13.74 14.20 1.42
Mat koruyucu 14.63 14.95 A 0.32 14.12 15.25 2.20
b* Yari mat koruyucu | 14.77 15.95 A* 0.46 14.17 15.46 3.13
Tik yagi 12.55 19.97 C** 0.26 12.21 12.97 2.06
Visne agaci recinesi 14.62 14.88 A 0.26 14.04 1491 1.79
Kontrol 15.22 - B** 0.19 14.97 15.51 1.25
Mat koruyucu 17.46 114.72 A 1.17 14.36 18.63 6.67
Cc* Yari mat koruyucu | 17.39 114.26 A 0.40 17.05 18.12 2.28
Tik yag1 17.15 112.68 A 0.36 16.61 17.66 2.09
Visne agaci recinesi 17.67 116.10 A* 0.20 17.35 17.90 1.16
Kontrol 66.31 - A* 0.59 65.58 67.06 0.89
Mat koruyucu 54.99 117.07 D 0.65 54.14 55.90 1.17
he Yar1 mat koruyucu | 58.18 112.26 B 1.15 56.25 59.86 1.98
Tik yagi 47.06 129.03 E** 0.53 46.40 48.19 1.13
Visne agaci recinesi | 55.94 115.64 C 0.99 54.02 57.91 1.77
Olciim Sayisi: 10, Homojenlik siitunu icin *: En yiiksek sonuc, En diisiik sonuc
Varyans analizi sonuglari (p<0.05 icin *: anlamlr)
< Kareler Serbestlik Ortalama F
Test Varyans Kaynagi Toplam Derecesi Kare Degeri p<0.05
Vernik Tiirii 1159.870 4 289.967 2971.417 0.000*
L Hata 4.391 45 0.098
Toplam 98435.633 50
Diizeltilmis Toplam 1164.261 49
Vernik Tiirii 170.517 4 42.629 557.410 0.000*
a* Hata 3.441 45 0.076
Toplam 4615.113 50
Diizeltilmis Toplam 173.959 49
Vernik Tiirii 34.110 4 8.527 86.690 0.000*
b* Hata 4.427 45 0.098
Toplam 9981.575 50
Diizeltilmis Toplam 38.536 49
Vernik Tiirii 39.887 4 9.972 28.965 0.000*
c* Hata 15.492 45 0.344
Toplam 14467.324 50
Diizeltilmis Toplam 55.379 49
Vernik Tiirii 1908.776 4 477.194 711.199 0.000*
ho Hata 30.194 45 0.671
Toplam 161526.611 50
Diizeltilmis Toplam 1938.970 49
Toplam renk farkhhklarina ait sonuglar
Vernik Tiirii AL* Aa* Ab* AC* AH* | AE* Renk Kriteri (DIN 5033, 1979)
Yar1 mat koruyucu -8.34 3.05 0.83 2.16 230 | 8.92
Visne agaci recinesi -8.63 3.80 0.68 2.44 2.99 | 945 Giiglii (6.00 ila 12.00)
Mat koruyucu -9.65 4.13 0.69 2.24 3.54 | 10.52
Tik yag -15.02 | 557 -1.39 1.93 541 | 16.08 Cok giiclii (> 12.00)
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Yapilan uygulamalar sonrasinda L* parametresinde azalislar (mat koruyucu ile %18.39, yar1
mat koruyucu ile %15.89, tik yag1 ile %28.65 ve vigne agaci reginesi ile %16.44) elde edilmistir.
En yiiksek L* degeri kontrol deney 6rneklerinde bulunmustur (Cizelge 2).

Biitlin uygulamalar ile a* parametresinde artislar (mat koruyucu ile %67.76, yart mat koruyucu
ile %49.92, tik yag1 ile %91.16 ve visne agaci recinesi ile %62.36) tespit edilmistir. En diisiik
a* degeri kontrol deney drneklerinde belirlenmistir (Cizelge 2).

b* parametresinde tik yagi uygulamasi ile azalis (%9.97) elde edilirken, diger kimyasallara ait
uygulamalar ile artislar (mat koruyucu ile %4.95, yar1 mat koruyucu ile %5.95, visne agaci
recinesi ile %4.88) tespit edilmistir (Cizelge 2).

Biitiin uygulamalar ile C* degerinde artiglar (mat koruyucu ile %14.72, yar1 mat koruyucu ile
%14.26, tik yag1 ile %12.68 ve visne agaci reginesi ile %16.10) elde edilmistir. En diisiikk C*
degeri kontrol deney orneklerinde goriilmiistiir (Cizelge 2).

Yapilan uygulamalar ile h° parametresinde azaliglar (mat koruyucu ile %17.07, yart mat
koruyucu ile %12.26, tik yagi ile %29.03 ve visne agaci reginesi ile %15.64) goriilmiistiir. En
yiiksek h° parametresi sonucu kontrol deney 6rneklerinde belirlenmistir (Cizelge 2).

Renk parametrelerine ait varyans analizi sonuglar1 gore, biitiin parametreler {izerinde vernik
tiirii anlamli olarak tespit edilmistir (Cizelge 2).

Toplam renk farkliliklarina ait sonuglarina bakildiginda yapilan biitiin vernik tiirlerine ait
uygulamalar ile AL* degerleri negatif (referansa gére daha koyu) olarak tespit edilirken, Aa*
ve AC* degerleri ise pozitif (sirasi ile referansa gore daha kirmizi ve referansa gore, daha net
ve daha parlak) olarak bulunmustur. Ab* degerleri ise farkli durumlar sergilemistir. Yar1t mat
koruyucu, vigne agaci recinesi ve mat koruyucu kimyasallar tarafindan pozitif (referansa gore
daha sar1) olarak sonug¢ bulunurken, tik yagi uygulamasi ile negatif (referansa gore daha mavi)
sonug elde edilmistir. Hesaplanmis olan AH* degerleri yar1 mat koruyucu ile 2.30, visne agaci
recinesi ile 2.99, mat koruyucu ile 3.54 ve tik yagi ile 5.41 olarak elde edilmistir. AE* degerleri
yar1 mat koruyucu ile 8.92 visne agaci reginesi ile 9.45, mat koruyucu ile 10.52 ve tik yagi ile
16.08 olarak bulunmustur. Renk kriterlerine (DIN 5033, 1979) ait sonugclarla karsilastirildiginda
yar1 mat koruyucu, visne agaci reginesi ve mat koruyucu kimyasallarina uygulamalar ile “gliclii
(6.00 ila 12.00)” kriteri elde edilirken, tik yagi kimyasalina ait uygulama ile “cok giicli (>
12.00)” krtieri seklinde bulundugu goriilmiistiir (Cizelge 2).

4. Sonuclar

Elde edilen bulgulara gore ¢alismada kullanilan kimyasallar ile ahsap malzemenin renginde
farkli sonuglarin elde edildigi goriilmiistiir.
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EVCIL HAYVANLARDA AKCiGER TUBERKULOZIiSIN PATOMORFOLOJIK
DEGERLENDIRILMESI

Dr. NIHAT YUMUSAK
Harran Universitesi, nihatyumusak@harran.edu.tr - 0000-0002-9299-2902
OZET

Tiiberkiilozis insan ve hayvanlarda ciddi saglik problemlerine neden olan bakteriyel kronik bir
hastaliktir. Diinyanin bir¢ok bdlgesinde evcil hayvanlarda, yaban hayvanlarinda ve insanlarda
hastalik sekillenir. Zoonoz olmasi nedeniyle halk saglig1 agicindan da 6nem arz eder. Hastalik
etkeni Mycobacterium spp. bakteri tiirleridir. Farkli tlirlerde farkli alt tipleri enfeksiyon
kaynagidir. Hastalik bireyler arasinda solunum yoluyla olmakla birlikte kontamine olan su ve
yem gibi gidalarin alinmasiyla sindirim yoluyla da sekillenebilir. Etken yillarca klinik semptom
gostermeden viicutta kalabilir. Stres gibi sebeplerle viicut direncinin diismesiyle hastalik
semptom gdstermeye baslar. Baslica klinik bulgular, ates, kilo kaybi, istahsizlik ve aralikli
oOksiiriiktiir. Patolojik olarak basta akcigerlerde, lenf yumrularinda, karacigerde, serozalarda ve
dalakta kronik granulomatoz tiiberkiiller goriliir. Histopatolojik olarak bu yapilarda,
kazeifikasyon nekrozunun g¢evresinde yangisal hiicre infiltrasyonlar1 goriiliir. Bu hiicrelerin
arasinda hastalik i¢in patognomik olan ¢ok ¢ekirdekli dev hiicreleri goriiliir. Tiim bu yapilar
kalin bir bag dokusuyla ¢evrelenmistir. Bu ¢alismanin amaci bir¢ok tlirde 6nemli ekonomik
kayiplara neden olan tiiberkiilozisin patomorfolojisinin degerlendirilmesi amaglanmaistir.

Anahtar Kelimeler: Tiiberkiiloz, Patoloji, Evcil Hayvan, Histopatoloji
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Tiiberkiilozis kronik seyirli hayvan ve insanda goriilen Mycobacterium tiirii bakteriler
tarafindan olusturulan graniilomat6z hastaliktir. Hastalik etkenleri baslica insan ve memeli
hayvanlarda M. tuberculosis iken kanatli hayvanlarda ise M. Avium alt tiirleridir. Cogunlukla
kronik seyretse de zaman zaman akut olgularla da karsilagilir. Hastalik etkenleri olan
mikobakteriumlar bircok antibakteriyel ilaca karsi dayaniklidirlar. Bu bakteriler kendi ana
konaklariyla birlikte bir¢ok farkli konakta da enfeksiyona neden olabilirler. M.bovis baglica
sigirlarda enfeksiyon olustururken ayrica insan dahil bir cok memelide hastaliga neden olabilir.
Benzer sekilde ana konakgisi kanatlilar olan M avium avium birgok evcil ve yaban hayvan
tiiriinde hastaliga neden olur. Hastalik baz1 bolgelerde eradike edilmis olsa da hala birgok
iilkede yaygin olarak goriilmektedir. Basta M. bovis olmak tizere bircogu zoonotik 6zelliklere
sahip olup insanlar igin énemli risk olusturmaktadirlar. insanlarda diinya ¢apinda dliimlerin
baslica sebepleri arasinda tiiberkiiloz hastaligi yer almaktadir (1-9, 26).

BULASMA

Hastalikta baslica bulagsma solunum ve temas yoluyla olmaktadir. Hasta hayvanlarin solunum
damlaciklar ile kontamine yem, su ve siit gibi tiriinlerin agiz yoluyla alinmasi ile enfeksiyon
olusabilir. Buzagilar hastaligi enfekte annelerin siitleriyle alabilirler. Genital akint1 ve idrar ile
bulasma nadirdir. Hayvanlardan insanlara bulagsma benzer sekilde olmaktadir. Enfekte
hayvanlarla ve bu hayvanlara ait {iriinlerle fiziki temas sonucu olusur. Yine aygin olarak
solunum yoluyla insanlar hastalig: alabilirler. Ozellikle az pisirilmis et ve siit gibi hayvansal
driinlerin tiiketilmesi de 6nemli bulagsma kaynagidir. Hastalik kronik seyretmesi nedeniyle
bir¢ok hasta hayvanda klinik semptom gdstermeyebilir. Bu hayvanlar hastaligin yayilmasinda
oldukc¢a 6nemli bir yere sahiptirler. Viicuda giren etkenler ilk girig bolgesinde ve en yakin lenf
yumrusuna yerleserek burda ilk lezyonlar1 olustururlar. Daha sonra kan ve lenf dolagimi ile
akcigerler basta olmak iizere viicudun tamamina yayilirlar (1-5, 10-14, 20).

KLINiK BULGULAR

Hastalik cogunlukla yillarca herhangi bir semptom goéstermeden kronik seyrederken bazi
hayvanlarda birkag ay icerisinde siddetli klinik belirtiler gosterebilir. Baslica klinik bulgular ise
istahsizlik, kilo kaybi, solunum gii¢liigii, zayiflama, lenf yumrularinda siskinlik ve okstirtik gibi
tanimlayict olmayan bulgulardir. Akciger formu kronik seyreder ve Oksiiriige neden olur.
Granulomatoz lezyonlar bronkopnémoniye neden olur (11, 12, 15-19).

MAKROSKOBIK BULGULAR

Hastalikta goriilen lezyonlar hastaligin erken doneminde veya ge¢ doneminde (kronik
tiiberkiiloz) farkli tablo sergiler. Ayrica hastalifa direngli hayvanlarda hastalik lezyonlar
akcigerde kronik tiiberkiiloz seklinde kalirken direngsiz hayvanlarda hastalik viicudun
tamamina yayilarak milier tiiberkiiloza neden olurlar. Hastaligin erken doneminde makroskobik
lezyonlar gozden kacabilir. Kronik olgularda ise hastalik i¢in tipik tiiberkiil lezyonlarina
akcigerler basta olmak {iizere viicudun birgok bolgesinde rastlanir. Bu lezyonlar 2-20 cm
boyutlarinda tek ya da bitisik sekilde goriiliir. Sert kivamli olan lezyonlar genellikle kalin
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bagdokusu ile ¢evrelenmistir. Lezyonlarin kesit ylizlerinde genis kazeifikasyon nekrozunun
kalin bag dokusu ile ¢evrelendigi goriliir. Kronik tliberkiillerde beyaz renkte sert
mineralizasyon vardir (15-23).

MIKROSKOBIK BULGULAR

Mikroskobik olarak tiiberkiillerin incelenmesinde genis nekrotik alanlarin merkezinde mavi-
mor renkli distrofik kire¢lenme goriiliir. Bu alanlarin ¢evresinde ¢ok ¢ekirdekli (Langhans tipi)
dev hiicreleri patognomiktir. Ayrica epiteloid hiicreler yaygindir. Bu hiicrelerin arasinda ¢ok
sayida mononiiklear yangisal hiicre infiltrasyonlar1 vardir. Tiim bu yapilar bagdokusu ile

cevrelenmistir. Hastaligin erken asamasinda ise nekroz ve minerilizasyon goriilmeyebilir (15-
23).

TANI

Hastaligin erken tanist olduk¢a 6nemlidir. Biiyiik siirii isletmelerinde diizenli olarak taramalarin
yapilmasi hastaligin yayilmasinin 6niine geger. Bu amagla tiiberkiilin testi, bateri izolasyonu,
PCR, nekropsi, histopatoloji, radyografi ve seolojik testlerden yararlanilir (24-29).

KONTROL

Hastaliktan korunmanin baslica yolu diizenli olarak yapilacak taramalar ile tespit edilen
hayvanlarin siiriiden ayrilmasi ve kesime yonlendirilmesidir. Yine ciftliklerin yaban
hayvanlarin temasindan korunmasi gereklidir. Hasta hayvanlarin etlerini tliketen etgiller
hastaligin yayilmasina neden olur. Bu nedenle hasta hayvanlara ait atiklarin dikkatli sekilde
imhasi saglanmalidir. Yine hijyenik kosullara 6zen gosterilmelidir (24-29).

TEDAVIi

Hastaligin tedavisi uzun bir siire¢ gerektirir. Rifampicin, isoniazid, ethambutol ve pyrazinamide
gibi ilaclar kullanilabilir (30).
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KOYUNLARDA MiKOPLAZMA PNOMONILERINDE PATOMORFOLOJI

Dr. Nihat YUMUSAK

Harran Universitesi, nihatyumusak@harran.edu.tr - 0000-0002-9299-2902

OZET

Koyunlarda akciger hastaliklar1 ani 6liimlere ve verim kaybina neden olmasiyla ciddi ekonomik
kayiplara sebep olur. Koyunlarda akciger hastaliklarinin etiyolojisi oldukca genistir. Fakat
yaygin olarak Haemophilus spp., Pasteurella spp., ve Mycoplasma spp. bakteri tiirlerinin
akciger hastaliklarina sebep oldugu tespit edilmistir. Bu bakterilerden Mycoplasmalar saglikli
koyun ve kegilerin iist solunum yollarinda bulunurlar. Viicut direncinin diismesiyle patojenik
ozellikler kazanan etkenler alt solunum yollarindan akcigerlere yayilarak pnémoniye neden
olurlar. Ayrica hayvanlar arasinda solunum yoluyla hastalik yayilabilmektedir. Hafif seyreden
hastaliklarda birka¢ hafta icinde iyilesme goriiliir. Buna karsilik bagisiklik sisteminin diisiik
oldugu siiriilerde hastalik fibrinli pndmoniye doniiserek Sliimlere neden olur. Bu hayvanlarda
burun akintisi, 6ksiirlik, solunumda artis, ates ve istahsizlik goriiliir. Makroskobik olarak, gogiis
boslugu acildiginda kanli ve fibrinli igerik vardir. Plorada ve akciger loplarinda yogun fibrin
goriiliir. Akciger paransiminde farkli biiytlikliiklerde apse odaklar1 gozlenir. Histopatolojik
olarak, brons, alveol ve brongiol limenlerinde yogun yangi ile bakteriler goriilebilir. Bu
calismada koyunlarda yaygin olarak goriilen mikoplazma etkenlerine bagli olusan
pnomonilerin patolojik incelenmesi amaglanmustir.

Anahtar Kelimeler: Mikoplazma, Koyun, Patoloji
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Mikoplazma bakterilerine bagli olusan pndmoniler koyunlarda yaygin olarak goriilen énemli
solunum sistemi hastaliklarindandir. Mikoplazmalar hiicre duvar1 olmayan prokaryodik, kiigiik
bakterilerdir. Mycoplasma ovipneumoniae tarafindan olusturulan enfeksiyon yetiskin
hayvanlarda siit veriminde azalma, kilo kayb1 ve yavru atma, kuzularda ise solunum giicliigiine
bagli 6liimlere neden olur. Hastaligin siddeti etkenin virulansina ve konak¢inin yanitina bagl
olarak farkli siddetlerde seyreder. Etken Mycoplasma ovipneumoniae normal koyunlarin {ist
solunum yollarinda bulunur. Hayvanin direncinin diigmesine neden olan stres faktorlerine bagh
olarak etken patojenik karakter kazanarak alt solunum sistemi organlarina gecer ve enfeksiyona
neden olur. Enfeksiyona yakalanan hayvanlar pasterellozis ve viral pndmonilere karst duyarli
hale gelir. Bulasma hayvanlar arasinda solunum yoluyla olur (1-9).

KLIiNiK BULGULAR

Hayvanlara goriilen klinik bulgular hastaligin siddetine gore farklilik gosterebilir. En 6nemli
klinik bulgu ise siddetli 6ksiiriik, solunum sayisinda artis, siddetli atestir. Ayrica burun akinti,
istahsizlik ve verim kayb1 goriilebilir (10-13).

MAKROSKOBIK BULGULAR

Genellikle lezyonlar akcigerlerin kranioventral loblarina yerlesse de biitiin loplarda lezyonlarla
karsilagilabilir. Bu alanlar griden koyu kirmizi renkte konsolidedir. Plora kalinlasmis, mat ve
fibrinlidir. Kesit yapildiginda akcigerlerden ve trakheadan kopiiklii icerigin geldigi goriiliir.
Brong ve bronsiol duvarlar1 kalinlasmistir. Akcigerlerde farkli biiyiikliiklerde apse odaklari
gortilebilir (13-19).

MIKROSKOBIK BULGULAR

Histopatolojik olarak akcigerlerde goriilen en 6nemli patognomik lezyon fibrinli nekrotik
pnomonidir. Alveoler liimende, bronslarda, bronsiolerde ve intersitisyel alanlarda yogun
miktarda fibrin birikimi goriliir. Bu alanlarda 6zellikle fibrin goriilen alanlarda siddetli
notrofillerden olusan yangisal hiicre infiltrasyonlar: vardir. Alveoler duvarda hastaligin
stiresine bagli olarak hyalinlesme goriilebilir. Alveoler makrofaj ve sinsityal hiicrelerde artis
gozlenir. Brons epitelinde hiperplazi dikkati ¢eker. Broslarin ¢evresinde bulunan peribronsial
lenf yumrularinda hiperplazi goriiliir. Siddetli olgularda yine damarlarda tromboz ve
intersitisyel alanlarda fibrozis goriilebilir (13-19).

TANI
Hastaligin tanisinda, kiiltiir, kan testleri ve PCR yontemleri kullanilir (18-21).

KORUNMA

Hastaliktan korunmak amaciyla herhangi bir ag1 bulunmamaktadir. Hastaliktan korunmanin en
onemli yolu hayvan hareketlerinin kontrol edilmesi gerekir. Yeni hayvanlarin siiriiye
kattimindan once kontrol ve karantina uygulanmalidir. Yine siirliye katilmadan once gerekli
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testlerin yapilmasi pozitif hayvanlarin ayrilmasi gerekir. Siirtide tespit edilen hasta hayvanlar
ivedilikle stiriiden ayrilmadir (22-23).

TEDAVi

Hastaligin tedavisinde antimikrobial ilaglardan yararlanilir. Bu amagla tilmikosin, florfenikol,
klortetrasiklin, oksitetrasiklin ve doksosiklin tiirii antibiyotikler hastaligin tedavisinde basari
saglar (24).
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OZET

Toprag ¢esitli sekillerde etkileyen faktorler arasinda trafik, karayollar1 ve tarimsal faaliyetler
bulunmaktadir. Toprak kalitesi ve verimliligi, insanoglunun gida ihtiyacinin karsilanmasi gibi
bircok acidan biiyiikk 6nem tagimaktadir. Kiziltepe ile Nusaybin il¢elerinden (Mardin) gecen
Ipek Yolu etrafinda bulunan tarimsal alanlarda on yillardir yogun bir sekilde tarimsal faaliyetler
yapilmakta bu alanlarin, ayn1 zamanda yogun bir sekilde isleyen trafikten etkilendigi
diisiiniilmektedir. Konu olan topraklarinin etkilenme durumu ve derecesinin bilinmesi hayati
onem tasgimaktadir. Bu ¢ercevede, mevcut ¢alismanin amaci Kiziltepe ve Nusaybin ilgeleri
arasindaki Ipek Yolu gevresindeki tarim arazilerinde yetisen kiiltiir bitkilerinin biinyesinde
biriken bazi bilesenlerin (N, P, K, Zn, Pb, Cd, Ni, Fe, Mn ve Cu) belirlenmesidir. Calisma, 2025
yilinda kiiltiir bitkilerinin sapa kalkma doneminde gerceklestirilmistir. Bu dogrultuda, yolun her
iki yanindan 10 Km’lik araliklarla, yola 5 m ve 50 m uzakliktan olmak {izere kiiltiir bitkileri
(N=20) toplanmistir. Toplanan kiiltiir bitkileri Bugday (7riticum aestivum) ve Nohut (Cicer
arietinum L.) tlrleridir. Yapilan analizlerde, en yiiksek degerlerin Pb, Cd, Ni, Zn, Cu ve Fe
elementleri i¢in sirastyla 0.372, 0.374, 0.489, 3.577, 3.848 ve 4.505 mg/kg oldugu bulunmustur.
Bu degerlerin hem Birlesmis Milletler Gida ve Tarim Orgiitiiniin (FAO) ve hem de Diinya
Saglik Orgiitiiniin (WHO) bitkilerde kabul ettigi siir degerlerin altinda oldugu belirlenmistir.
Bu sonuglar, ¢alisma alanindaki topraklarda agir metal birikiminin ¢evresel ve tarimsal a¢idan
belirgin bir risk olusturmadigini gostermektedir. Ayrica yol mesafesi arttik¢a topraklardaki Pb,
Ni, Zn, Cu ve N (%) iceriklerinde genel bir azalma egilimi gozlenmistir. Bu bulgular, yol
kenara yakin alanlarda birikimin daha yogun ve uzaklastik¢a etkinin zayifladigini ortaya

koymaktadir.
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Anahtar Kelimeler: Cevre kirliligi, Surdiiriilebilirlik, Kiiltiir bitkisi, ICP-OES

INVESTIGATION OF POLLUTION LEVELS IN AGRICULTURAL LANDS DUE TO
AGRICULTURAL AND TRAFFIC ACTIVITIES THROUGH PLANT SAMPLING: A
CASE STUDY OF THE MARDIN SILK ROAD

ABSTRACT

Among the factors that affect soil in various ways are traffic, highways, and agricultural
activities. Soil quality and fertility are of great importance in many aspects, such as meeting
human food needs. Agricultural areas around the Silk Road, which passes through the districts
of Kiziltepe and Nusaybin (Mardin), have been subjected to intense agricultural activities for
decades, and it is believed that these areas are also significantly affected by the heavy traffic.
Understanding the extent and degree of the impact on these soils is crucial. In this context, the
aim of the present study is to determine the accumulation of certain components (N, P, K, Zn,
Pb, Cd, Ni, Fe, Mn, and Cu) in the cultivated plants grown in the agricultural lands surrounding
the Silk Road between the districts of Kiziltepe and Nusaybin. The study was conducted in
2025 during the tillering stage of the cultivated plants. Accordingly, plant samples (N=20) were
collected at 10 km intervals from both sides of the road, at distances of 5 m and 50 m from the
road. The collected plant samples include Wheat (Triticum aestivum) and Chickpea (Cicer
arietinum L.). The analyses revealed that the highest concentrations for the elements Pb, Cd,
Ni, Zn, Cu, and Fe were found to be 0.372, 0.374, 0.489, 3.577, 3.848, and 4.505 mg/kg,
respectively. It has been determined that these values are below the threshold limits accepted
by both the Food and Agriculture Organization (FAO) and the World Health Organization
(WHO) for plants. These results indicate that the accumulation of heavy metals in the soils of
the study area does not pose a significant risk from an environmental and agricultural
perspective. Additionally, a general decreasing trend was observed in the contents of Pb, Ni,
Zn, Cu, and N (%) in the soils as the distance from the road increased. These findings reveal
that the accumulation is more intense in areas close to the roadside and that the effect diminishes

with increasing distance.

Keywords: Environmental pollution, Sustainability, Cultivated plants, ICP-OES
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ABSTRACT

Climate change is increasing the frequency and intensity of floods by causing significant
changes in global temperature and precipitation patterns. Flood stress negatively impacts plant
growth by reducing stomatal conductance, photosynthesis, nitrogen fixation, shoot and root
development, and nutrient uptake, ultimately leading to significant yield losses. At the soil level,
flooding alters the nitrogen cycle by increasing denitrification and nitrate leaching, disrupting
microbial activity and causing nutrient deficiencies. To cope with these adverse conditions,
plants develop various adaptation mechanisms, such as adventitious root formation,
aerenchyma tissue development, and metabolic adjustments to tolerate oxygen deficiency. A
deeper understanding of these mechanisms is crucial for developing flood-resistant varieties
and ensuring food security under climate change conditions.

This study addresses the root causes of floods, including heavy rainfall, inadequate drainage,
soil compaction, soil type, snowmelt, over-irrigation, and ionic toxicity. It also examines the
physiological, morphological, and biochemical responses of plants to flood stress.

Keywords: Climate change, Flood, Flood stress, Morphological adaptation
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1. INTRODUCTION

Climate change—induced irregularities in temperature and precipitation pose a serious
threat to global agricultural production. Crop production is highly sensitive to climatic
conditions, and the impacts of climate change are being felt globally across the agricultural
sector (Aderonmu, 2015). Seasonal precipitation levels, along with the frequency and
distribution of rainfall events, have changed significantly; over the past fifty years, the
occurrence of extreme water-related events such as droughts and floods has increased in
agricultural lands worldwide (Aderonmu, 2015; Bailey-Serres et al., 2012). Such stress
conditions markedly reduce stomatal conductance, photosynthesis, nitrogen fixation, shoot
development, root formation, and nutrient uptake, ultimately leading to significant yield losses.

To ensure food security and safeguard agricultural production under changing climatic
conditions, it is critically important to deepen current knowledge of flooding stress and to
understand the adaptive capacities of plants (Aslam et al., 2023). Both temporary and prolonged
flooding events exert severe negative effects on plant growth and survival.

Flooding occurs when an entire plant or part of it becomes submerged in water, and this
process may manifest in two distinct forms submergence or waterlogging (Figure 1) (Bailey-
Serres et al., 2012; Sullivan et al., 2001).

Figure 1. Flooding (Striker, 2012)

FLOODING

Partial Submergence Complete submergence
Waterloggi
ateriogging All roots are immersed in | All plant is under the water
) water while just a portion level. Water depth and
Only the root system is . o .
. g of the shoot (which turbidity are important
under unaerobic conitions . .
depends on the water factors defining this
depht) is covered by water scenario

Flooding conditions affect not only plant physiology but also soil processes. In
particular, soil nitrogen losses increase through denitrification, nitrate leaching, and surface
runoff, while nitrogen mineralization rates decline (Kopyra & Gwo6 d, 2004). Since nitrogen is
the most limiting nutrient in most cropping systems, these losses have a direct impact on yield
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(Halvorson et al., 2014). Therefore, nitrogen fertilization emerges as an important practice for
enhancing agricultural productivity and economic returns (Robertson & Vitousek, 2009).

Ensuring sustainable productivity in agriculture is not limited to nutrient
supplementation; the adaptive mechanisms that plants exhibit against environmental stresses
also play a critical role. Indeed, plants develop various physiological, morphological, and
biochemical strategies to cope with flooding stress. These strategies depend on the
reorganization of root architecture, gas exchange mechanisms, and metabolic pathways. For
example, species that are more tolerant to hypoxic environments adopt morphological
adaptations to compensate for oxygen deficiency in root tissues. In addition, structural
modifications such as adventitious root formation and aerenchyma development facilitate
internal gas transport, support nutrient and water uptake, and thereby enhance plant survival
and yield potential (Aslam et al., 2023).

In recent years, the increasing frequency and intensity of flooding events have adversely
affected not only human life but also plant development. Therefore, the development of flood-
tolerant plant varieties is considered one of the fundamental strategies for reducing yield and
quality losses and ensuring agricultural sustainability (Dal et al., 2023).

2. CAUSES OF FLOODING
2.1 Intense Precipitation

Plants face complex physiological and morphological challenges under flooding stress.
The primary cause of floods is increased rainfall, and the rise in heavy precipitation
significantly reduces the productivity of arable lands (Kundzewicz et al., 2018). Sudden and
unpredictable rainfall events exert profound and multifaceted impacts on soil quality, saturation
status, root morphology, nutrient uptake, and overall crop yield (Bailey-Serres et al., 2012;
Setter & Waters, 2003). Extreme climatic conditions, land cover changes, and sea level rise are
among the main drivers of heavy rainfall and flooding (Roy et al., 2023). Global warming
accelerates the occurrence of intense rainfall by increasing the water-holding capacity of the
atmosphere (Westra et al., 2014). Such intense rainfall events (Figure 2) exceed the soil’s water-
holding capacity, leading to surface water accumulation (Milly et al., 2002). Soil saturation, in
turn, decreases oxygen availability in the root zone, thereby inducing flooding stress in plants
(Shabala et al., 2014).

Figure 2. Intense Precipitation (Anonimc), 2025).

2.2. Poor Drainage System
High groundwater levels, excessive irrigation, rainfall following irrigation, and
inadequate drainage (Figure 3) exacerbate flooding stress (Kaur et al., 2020). An improper
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drainage system prevents the removal of excess water from fields, while high groundwater
levels further intensify flooding conditions (Smith et al., 2023). Upward-sloping topography,
combined with inefficient irrigation practices in lowland areas, also increases the likelihood of
flooding (Kaur et al., 2020). Therefore, the establishment of an improved drainage system can
significantly reduce the risk of flooding in agricultural lands (Blann et al., 2009; Kumar et al.,
2019).

Figure 3. Inadequate Drainage Systems (Anonim(d), 2025).

77 AV

2.3. Soil Compaction

Soil compaction adversely affects nearly all physical, chemical, and biological
properties and functions of soil (Hakansson et al., 1988; Whalley et al., 1995). These alterations
lead to reduced water and air permeability, increased surface runoff, erosion, flooding, and
decreased groundwater recharge (Hamza & Anderson, 2005).
2.4. Soil Type

Clay soils are highly susceptible to waterlogging under conditions of heavy rainfall and
poorly managed irrigation systems (Blessitt, 2007; Han et al., 2007). Blessitt (2007) reported
that clay particles exhibit high water-holding capacity due to their swelling properties. This
further impedes water infiltration within the soil profile, thereby inducing flooding stress in
plants (Kaur et al., 2020). In addition, natural soil horizons (Figure 4), particularly the presence
of a clay layer, restrict the free drainage of water in deeper soil layers, which further reduces
infiltration (Dedk et al., 2017; Jiang et al., 2007). During the rainy season, intense precipitation
events cause water to accumulate in the upper soil profile, forming a surface water layer
(Motavalli et al., 2003). These accumulated layers of water lead to short-term flooding stress in

areas where water readily infiltrates sandy soil but accumulates above compacted clay subsoils
(Kaur et al., 2020).
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Figure 4. Soil Types (Anonim(a), 2025).
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2.5. Snowmelt

Snowmelt also contributes significantly to the development of flooding stress. Flooding
stress induced by snowmelt is primarily associated with elevated temperatures. The extent of
the relationship between temperature fluctuations, snow accumulation, and melting is of critical
importance for the magnitude of flooding stress (Barnett, 2005). Climate change accelerates the

snowmelt process (Figure 5), thereby triggering waterlogging or flooding stress in crops (Green
etal., 2011).

Figure 5. Flooding Caused by Snowmelt (Anonim(b), 2025)

2.6. Excessive Irrigation

Excessive irrigation can be a major cause of flooding stress. Excess water in the root
zone prevents gas exchange with the atmosphere and creates an anoxic environment for the root
system (Jafari et al., 2021). Overirrigation also promotes water infiltration and raises the
groundwater table, thereby exposing the soil to flooding stress. Moreover, excessive irrigation
saturates the soil above field capacity in the root zone, depriving plants of both oxygen and
nitrogen. In addition, overirrigation exacerbates soil salinity, which negatively affects plant
growth and development (Liu et al., 2020).
2.7. Ionic Toxicity

Flooding stress (Figure 6) causes a sharp decline in soil redox potential, thereby altering
the chemical profile of the soil (Herzog et al., 2016). This shift affects the availability of mineral
nutrients, leading to reduced accessibility of manganese (Mn*"), iron (Fe**), and sulfate (SO+*"),
while simultaneously increasing the presence of potentially toxic elements (Shabala, 2011).
3. EFFECTS OF FLOODING STRESS ON PLANTS
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Flooding imposes various adverse effects on plants at different stages of development.
Table 1 summarizes the major impacts of flooding observed during key developmental stages.
Accordingly, oxygen deficiency restricts seed germination, root and shoot development weaken
in seedlings and saplings, flowering and fertilization are negatively affected during the
reproductive stage, and yield losses of up to 70% may occur in the final production stage. This
table clearly demonstrates the multifaceted impacts of flooding on plant growth and
productivity (Table 1).

3.1. Seed Germination

Seed germination is one of the most critical stages in the plant life cycle and is regulated
not only by genetic factors but also by various environmental signals (Shu et al., 2016). During
this process, the metabolic reactivation of the embryo and the breakdown of stored reserves into
energy and structural components are of great importance. Oxygen availability, in particular, is
a decisive factor; under optimal conditions, stored starch is converted into sucrose, which is
further metabolized through glycolysis and mitochondrial respiration to generate ATP. The
energy produced is then utilized for cell division and elongation (Christianson et al., 2009;
Loreti et al., 2016). However, under hypoxic conditions such as flooding, mitochondrial
respiration cannot function efficiently, ATP production is drastically reduced, and this energy
deficit restricts embryonic development (Zhou et al., 2020). In such cases, seeds rely on
anaerobic metabolism for short-term survival, however, the accumulation of fermentation
products (e.g., ethanol, lactate) exerts toxic effects that further reduce germination rates (Shu et
al., 2016; Zhou et al., 2020). Therefore, oxygen availability, energy production, and metabolic
balance are fundamental determinants of successful seed germination, all of which are severely
disrupted under flooding conditions.

3.2. Seedling and Sapling Growth

The second most critical stage in the plant life cycle is seedling and sapling
development, which is highly affected by flooding stress (Zhou et al., 2019). Roots, being the
first organs to develop, are directly exposed to oxygen deficiency and undergo various
phenotypic alterations that severely impact plant growth and shoot development during
flooding (Eysholdt-Derzs6 & Sauter, 2019; Panozzo et al., 2019). Agronomically, the
application of calcium peroxide enhances both root and shoot length as well as plant biomass,
thereby promoting seed formation. Exogenously applied calcium peroxide significantly reduces
enzymatic reactions by increasing the concentration of dissolved O: in water under flooding
conditions (Mei et al., 2017). Although calcium peroxide treatment improves oxygen
availability in plants under flooding stress, it remains necessary to determine the negative
impacts of flooding stress on early plant development (Aslam et al., 2023).
3.3. Reproductive Stage

Crop quality and final yield are largely determined by the successful completion of the
reproductive stage (Aslam et al., 2023). Under flooding stress, flower and bud initiation as well
as fertilization are adversely affected, leading to reductions in starch content, grain number,
size, and weight (Zhou et al., 2018). During this process, the regulation of enzymes involved in
starch metabolism plays a critical role. In particular, soluble starch synthase, which is
responsible for amylopectin synthesis, is downregulated under flooding conditions, resulting in
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decreased activity. This reduction leads to lower levels of amylopectin, one of the structural
components of starch (Zhou et al., 2020). In contrast, the key enzyme responsible for amylose
synthesis, granule-bound starch synthase-I, is upregulated in response to flooding stress,
resulting in increased activity (Zhou et al., 2018). Consequently, starch accumulation is altered
in both quantity and composition under flooding conditions, directly impairing crop quality and
yield.

3.4. Crop Yield

Flooding is one of the most severe abiotic stress factors for plants and, if appropriate
measures are not taken, can cause yield losses of up to 70% (Bailey-Serres et al., 2012).
However, the extent of these losses depends not only on the duration and intensity of flooding
but also on the developmental stage of the plant; stress encountered during early growth stages
and that occurring during the reproductive phase may result in different levels of yield reduction
(Morton et al., 2015).

In addition, flooding affects not only physiological processes but also the morphological
and structural integrity of plants (Table 1). Floodwaters, through strong currents and transported
debris, cause abrasions on plant leaves and stems, while mechanical injuries on leaf surfaces
limit photosynthetic efficiency (Jackson & Colmer, 2005). Moreover, high soil moisture and a
persistently humid microclimate create favorable conditions for pathogen development, thereby
increasing plant susceptibility to diseases and infections (Urban et al., 2015). Thus, flooding
stress restricts plant development both directly, by impairing physiological mechanisms, and
indirectly, by elevating the risk of diseases and infections.

Table 1. Major Effects of Flooding Stress on Plants According to Developmental Stages

Developmental Stage Major Effect

Seed Germination Oxygen deficiency reduces germination rate
Seedling/Sapling Growth Root and shoot development weakens
Reproductive Stage Flowering and fertilization are adversely affected
Crop Yield Yield losses up to 70% may occur

4. PLANT ADAPTATIONS TO FLOODING STRESS
4.1. Morphological and Anatomical Adaptations in Plants

Plants develop various morphological and anatomical adaptations to counteract the toxic
effects of flooding stress. For instance, apart from species such as rice that produce adventitious
roots to tolerate hypoxic conditions, low diffusion of oxygen (O2) and carbon dioxide (CO2) in
plant stems leads to reduced rates of photosynthesis and respiration. Other plants, in order to
maintain energy balance disrupted by limited oxygen diffusion in the root respiration system,
exhibit specific morphological modifications (Pan et al., 2021). These adaptations include the
formation of adventitious roots, elongation of the apical meristem, the development of an air
film on the upper cuticle, and the establishment of a barrier against radial oxygen loss (ROL)
(Hattori et al., 2009; Pedersen et al., 2021; Qi et al., 2019; Yamauchi et al., 2015).
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Flooding-induced oxygen deficiency disrupts cortical cells and triggers programmed cell
death, while under stress conditions, intercellular spaces and aerenchyma cells responsible for
root respiration are formed (Evans, 2004). Yamauchi et al. (2015) reported that plants are able
to maintain physiological and metabolic processes under waterlogged conditions. However,
during oxygen transfer in root respiration via aerenchyma cells, substantial radial oxygen loss
(ROL) occurs within intercellular spaces. To regulate ROL, plants also develop specialized
barriers that direct O molecules toward root tips and surrounding tissues (Pedersen et al., 2021).

Low oxygen escape syndrome is another important adaptation that occurs through the
apical meristem during flooding stress. This elongation of delicate stems enables plants to
escape from anoxic conditions and maintain contact with the atmosphere for optimal O uptake.
Under flooding conditions, ethylene production triggers gibberellic acid synthesis in some
species, thereby enhancing apical growth and increasing interspecific spacing (Kuroha et al.,
2018). In addition, the formation of gas films protects plants from oxygen deficiency during
flooding by facilitating O: uptake at night and CO: entry during the day, thus sustaining both
respiratory and photosynthetic processes (Kuroha et al., 2018; Pedersen et al., 2009; Winkel et
al., 2016).

4.2. Photosynthetic Adaptation

Flooding stress adversely affects photosynthesis in plants through multiple mechanisms.
Reduced stomatal conductance and increased stomatal resistance limit CO: uptake in leaves,
directly causing a decline in photosynthetic rate (Li et al., 2010). Prolonged submergence
decreases enzymatic activity and chlorophyll biosynthesis, leading to premature leaf senescence
and a reduction in overall crop productivity (Voesenek et al., 2006; Wu & Yang, 2016). In
addition, the decline in chlorophyll a, chlorophyll b, and carotenoid pigments weakens the
capacity of photosystem II to convert light energy. Under flooding conditions, the expression
of RuBisCo, one of the key enzymes in photosynthesis, is also downregulated, thereby
negatively affecting carbon fixation and photorespiration. Furthermore, the transport of
sucrose—the primary product of photosynthesis—from source to sink tissues is substantially
restricted, disturbing the plant’s energy distribution (Anee et al., 2019). As a consequence of
these adverse effects, plant growth and development are suppressed; however, plants exhibit
metabolic adjustments under flooding by enhancing the secretion of sucrose synthase, an
enzyme responsible for breaking down sucrose to support cellulose biosynthesis (Kuai et al.,
2014).
4.3. Respiratory Adaptations

During flooding stress, reduced oxygen availability leads to a significant decline in root
respiration (Loreti et al., 2016). It has been observed that the concentration of dissolved O: in
waterlogged soil is less than 0.05 mmol m™ compared to 0.23 mol m™ in well-aerated soils
(Limami et al., 2014). Oxygen (O2) functions as the terminal electron acceptor in the electron
transport chain (ETC), and a reduction in its availability decreases adenosine triphosphate
(ATP) production, thereby causing a decline in mitochondrial respiration (Bailey-Serres &
Voesenek, 2008; Limami et al., 2014). In this context, glycolysis and ethanol fermentation
pathways can be employed as alternative energy sources to sustain plant functioning under
severe water stress (Baxter-Burrell et al., 2002). Thus, plants must reinforce these processes
during flooding stress to meet their energy requirements for normal functioning (Pan et al.,
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2021). Nonetheless, glycolysis and ethanol fermentation have been observed to serve only as
temporary energy sources for root respiration during short-term flooding stress (Tamang et al.,
2014). Meanwhile, the accumulation of alcohols, aldehydes, lactic acid, and other anaerobic
metabolites under prolonged flooding stress has been shown to induce cell death (Figure 6)
(Pan et al., 2021; Tamang et al., 2014).

Figure 6. Respiratory Adaptations in Plants under Flooding Stress
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4.4. Activation of Antioxidant Defense Systems and Osmolyte Accumulation

Flooding stress triggers the production of reactive oxygen species (ROS), which disrupt
ionic homeostasis, membranes, DNA, proteins, and lipids (Pottosin et al., 2018; Zheng et al.,
2009). However, plants can overcome flooding stress by activating antioxidant defense systems
and enhancing the accumulation of potential osmolytes (Li et al., 2011). By activating
superoxide dismutase, catalase, glutathione reductase, and ascorbate peroxidase, plants
scavenge ROS generated by flooding, thereby ensuring their survival under such stress
conditions (Sharma et al., 2018). In addition, plants activate non-enzymatic antioxidants such
as glutathione, ascorbic acid, carotenoids, and tocopherols, which inhibit ROS production and
protect membranes and the photosynthetic apparatus. Moreover, plants accumulate proline,
sugars, soluble proteins, and free amino acids to counteract the toxic effects of flooding stress
(Alizadeh-Vaskasi et al., 2018).
4.5. Genetic Adaptation to Flooding Stress

Plants adapt to the toxic effects of flooding stress by activating various genes and
proteins (Table 2) (Wu et al., 2022). During this process, some genes are either downregulated
or upregulated. For instance, photosynthesis-related genes and genes encoding the light-
harvesting chlorophyll protein complex are downregulated under flooding stress, thereby
contributing to energy conservation (Wei et al., 2021). Flood tolerance is a complex quantitative
trait that varies depending on the intensity and duration of stress, ambient temperature, and the
developmental stage of the plant (Zhou, 2011).

During flooding stress, Ethylene Response Factor (ERF) transcription factors play a
crucial role. For instance, the SUBIA gene is one of the best-characterized genes conferring
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flood tolerance in rice (Oryza sativa). SUB1A regulates the ethylene signaling pathway, thereby
suppressing metabolic activity, reducing energy consumption, and enabling the plant to
withstand prolonged submergence (Xu et al., 2006). In addition, the SNORKEL1 (SK1) and
SNORKEL2 (SK2) genes promote stem elongation in rice, allowing plants to reach above the
water surface and thereby enhancing oxygen acquisition (Hattori et al., 2009).

In addition, genes belonging to the AP2/ERF family, such as RAP2.12, RAP2.2 and
HRE2, are activated during flood stress in Arabidopsis and contribute to the reorganization of
the root system under hypoxia conditions, especially adventitious root formation. However,
genes related to anaerobic metabolism, such as ADHI1 (Alcohol Dehydrogenase 1) and PDCI1
(Pyruvate Decarboxylase 1), allow the maintenance of energy production under oxygen
deficiency. In addition, genes belonging to the AP2/ERF family, such as RAP2.12, RAP2.2,
and HRE2, are activated in Arabidopsis during flooding stress and contribute to the
reorganization of the root system under hypoxic conditions, particularly by promoting
adventitious root formation (Licausi et al., 2010). Furthermore, anaerobic metabolism-related
genes such as ADH1 (Alcohol Dehydrogenase 1) and PDC1 (Pyruvate Decarboxylase 1) enable
the continuation of energy production under oxygen-deficient conditions (Ismond et al., 2003).

In conclusion, flooding tolerance in plants depends on the interaction of multiple genes.
SUBI1A ensures energy conservation, while the SNORKEL genes support the escape strategy;
the ERF family regulates hypoxia adaptation, and genes such as ADHI and PDC1 activate
alternative energy production pathways.

Table 2. Genes and Proteins Involved in Flooding Tolerance

Gene/Protein Function

SUB1A Energy conservation and suppression of metabolic activity
SNORKEL1/2 Enhancement of oxygen uptake through stem elongation
RAP2.12 Regulation of adventitious root formation
ADH1/PDC1 Energy production via anaerobic metabolism
5. RESULTS

This study reveals the multifaceted impacts of climate change—induced flooding on
plants. These impacts manifest as disruptions in photosynthetic and respiratory processes due
to oxygen deficiency, restrictions in energy production, reductions in nutrient uptake,
retardation of root and shoot development, and imbalances in the soil nitrogen cycle. Moreover,
flooding forces plants at the morphological level to develop adventitious roots and aerenchyma
tissue, while at the biochemical level it leads to the accumulation of toxic metabolites.
Ultimately, these responses result in yield losses that restrict agricultural productivity and pose
a serious threat to food security.

One of the most critical challenges under flooding conditions is oxygen deficiency. In
hypoxic environments, photosynthesis and respiration processes are disrupted, energy
production decreases, and cellular metabolism becomes impaired. The accumulation of toxic
metabolites during this process reduces plant survival, while simultaneously enhancing
denitrification and nitrate leaching in the soil, leading to nutrient losses. As a result, crop
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productivity is constrained, with losses becoming particularly pronounced in agricultural areas
exposed to heavy rainfall or inadequate drainage.

The adaptive mechanisms developed by plants against flooding stress vary at different
levels. Morphologically, adventitious root formation and aerenchyma development are key
strategies; physiologically, regulation of stomatal movements and photosynthetic adjustments
play an important role; biochemically, the activation of antioxidant defense systems and
osmolyte accumulation are central responses. From a genetic perspective, genes such as SUB1A
and SNORKEL in rice, as well as ethylene response factors in Arabidopsis, are critical for flood
tolerance. While these adaptations support plant survival during short-term submergence, they
are insufficient to fully prevent the collapse of physiological functions under prolonged stress
conditions.

Another important finding of the study is that the development of flood-tolerant varieties
is a fundamental necessity for agricultural sustainability. Transferring the genetic traits
identified in naturally tolerant species to other crops through modern biotechnological
approaches will contribute to the establishment of more climate-resilient agricultural systems
in the future. However, agronomic practices are equally important as genetic improvements. In
particular, strengthening drainage systems, preventing over-irrigation, reducing soil
compaction, and optimizing nutrient management are critical practices to mitigate the adverse
effects of flooding.

In conclusion, a comprehensive assessment of the causes and impacts of flooding on
plants is essential to ensure the sustainability of agricultural production under climate change
conditions. Future research should not only focus on enhancing genetic resilience but also
prioritize the improvement of agronomic practices and the development of ecosystem-based
strategies. Such integrative approaches are expected to minimize the losses caused by flooding
and make a significant contribution to safeguarding food security.
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Ozet

Bu calismada, bagimli degiskenin tahmini igin Lineer, Kuadratik, Kiibik, Logaritmik ve Ustel
regresyon modelleri uygulanmistir. Uyum 1yiligi kriterleri incelendiginde, Kiibik model R? =
0,721 ve diizeltilmis R* = 0,693 ile en yiiksek aciklayic1 giice sahip olup, Hata Kareler
Ortalamas1 (HKO) degeri en diisiik (=13,8%10?) olarak bulunmustur. F testi sonuclar1 da Kiibik
modelin istatistiksel olarak anlamli ve gii¢lii bir uyum sagladigini gostermektedir (F = 25,799,
p < 0,001). Katsay1 analizinde t, t* ve t* degiskenlerinin tiimii anlamli bulunmus, modelin
bagiml degisken iizerindeki etkilerini istatistiksel olarak dogrulamistir. Diger modellerde ise
Lineer ve Ustel modeller orta seviyede uyum saglar iken, Logaritmik model ise hem uyum hem
de anlamlilik agisindan diisiik performans gostermistir. Genel olarak, regresyon analizleri
Kiibik modelin veri setini en 1y1 agikladigini ve gelecege yonelik tahminlerde en giivenilir
secenek oldugunu ortaya koymaktadir.

Anahtar Kelimeler: Regresyon, Uyum lyiligi, Koyun Siitii.
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Abstract

In this study, Linear, Quadratic, Cubic, Logarithmic, and Exponential regression models were
applied to prediction the dependent variable. When the goodness of fit criteria were examined,
the Cubic model had the highest explanatory power with R* = 0.721 and adjusted R? = 0.693,
and the Mean Square Error (MSE) value was found to be the lowest (=13.8x10°). F test results
also show that the Cubic model provides a statistically significant and strong fit (F = 25.799, p
< 0.001). In the coefficient analysis, all variables t, t* and t* were found to be significant,
statistically confirming the effects of the model on the dependent variable. In other models,
while the Linear and Exponential models provided moderate fit, the Logarithmic model showed
low performance in terms of both fit and significance. In general, the regression analyses reveal

that the Cubic model best explains the dataset and is the most reliable option for future
predictions.

Keywords: Regression, Goodness of Fit, Sheep Milk.
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FONKSIYONLARINDA YAPAY SiNiR AGLARI iLE MODELLENMESI
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Ozet

Bu ¢aligmanin amaci, farkli aktivasyon fonksiyonlari kullanilarak yapay sinir ag1 modellerinin
kegi siitii verilerinin tahminindeki performansini degerlendirmektir. Bu kapsamda yari-lineer,
sigmoid, bipolar sigmoid ve hiperbolik tanjant aktivasyon fonksiyonlari, 33 gézlemden olusan
veri seti lizerinde uygulanmistir. Model performansi Hata, Hata Kareler Ortalamas1 (HKO) ve
Ortalama Mutlak Hata (OMH) kriterleri ile 6l¢iilmiistiir. Elde edilen sonuglara gore, en diisiik
hata degeri yari-lineer fonksiyonla (0,0623) elde edilirken, en uygun HKO (= 8,80x10%) ve
OMH (= 25095) degerleri hiperbolik tanjant fonksiyonunda goriilmiistiir. Buna karsilik,
sigmoid fonksiyonu tiim Olgiitlerde en yiiksek hata degerlerini vermistir. Genel olarak
hiperbolik tanjant fonksiyonu diger fonksiyonlara gére daha basarili bulunmus, ancak tiim
modellerde hata diizeylerinin yiiksek olmasi tahmin giiciiniin sinirli kaldigin1 géstermektedir.
Bu nedenle daha genis veri setleri, ek bagimsiz degiskenler ve optimize edilmis a§ mimarileri
ile modelin gelistirilmesi 6nerilmektedir. Hiperbolik tanjant fonksiyonu ile yapilan tahminler
2025-2030 doneminde artan bir trend gostermektedir. Tablo ve grafik, tahmin degerleri ile
tahmin £+ OMH araligin1 sunarak belirsizligi gorsel olarak gostermektedir. 2025 yilinda en
diisik tahmin degeri (=511293) ve 2030 yilinda en yiiksek tahmin degeri (=550143)
goriilmektedir. Bu sonuglar, mevcut veri seti ve model yapisina gore gelecekteki degerlerin
kademeli olarak artacagini gostermektedir.

Anahtar Kelimeler: Yapay Sinir Aglar1, Aktivasyon Fonksiyonu, Ongérii, Kegi Siitii.
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Abstract

The aim of this study was to evaluate the performance of artificial neural network models in
predicting goat milk data using different activation functions. In this context, semi-linear,
sigmoid, bipolar sigmoid, and hyperbolic tangent activation functions were applied on the
dataset consisting of 33 observations. Model performance was measured by Error, Mean Square
Error (MSE), and Mean Absolute Error (MAE) criteria. According to the results obtained, the
lowest error value was obtained with the semi-linear function (0.0623), while the most suitable
MSE (= 8.80x10%) and MAE (= 25095) values were seen in the hyperbolic tangent function. In
contrast, the sigmoid function gave the highest error values in all criteria. In general, the
hyperbolic tangent function was found to be more successful than other functions, but the high
error levels in all models indicate that the prediction power is limited. Therefore, it is
recommended to develop the model with larger datasets, additional independent variables, and
optimized network architectures. Predictions made with the hyperbolic tangent function show
an increasing trend in the period 2025-2030. The table and graph visually illustrate the
uncertainty by presenting the prediction values and the prediction £ MAE range. The lowest
prediction value (=511293) is seen in 2025 and the highest prediction value (=550143) is seen
in 2030. These results indicate that future values will increase gradually according to the current
dataset and model structure.

Keywords: Artificial Neural Networks, Activation Function, Prediction, Goat Milk.
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PERFORMANCE ENHANCEMENT OF MEMBRANE DISTILLATION PROCESS IN
FRUIT JUICE CONCENTRATION BY MEMBRANE SURFACE MODIFICATION

Samir K. Deshmukh, Mayur M. Tajane

Jawaharlal Darda Institute of Engineering and Technology, Yavatmal, Maharashtra State,
445001, India. He is now with the Department of Chemical Engineering, affiliated to, Sant
Gadge Baba Amravati University, Amravati

Abstract:

In this work Membrane Distillation is applied to concentrate orange Juice. Clarified orange
juice (110 Brix) obtained from fresh fruits and a sugar solution was subjected to membrane
distillation. The experiments were performed on a flat sheet module using orange juice and
sucrose solution as feeds. The concentration of a sucrose solution, used as a model fruit juice
and also orange juice, was carried out in a direct contact membrane distillation using
hydrophobic PTFE membrane of pore size 0.2 um and porosity 70%. Surface modification of
PTFE membrane has been carried out by treating membrane with alcohol and water solution to
make it hydrophilic and then hydrophobicity was regained by drying. The influences of the feed
temperature, feed concentration, flow rate, operating time on the permeate flux were studied for
treated and non treated membrane. In this work treated and non treated membrane were
compared in terms of water flux, Within the tested range, MD with surface modified membrane
the water flux has been significantly improved by treating the membrane surface.

Keywords: Membrane  Distillation, Surface ~ Modification, Orange  Juice.
Polytetrafluoroethylene.
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PRODUCTION OF APRICOT VINEGAR USING AN ISOLATED ACETOBACTER
STRAIN FROM IRANIAN APRICOT

Keivan Beheshti Maal, Rasoul Shafiei, Noushin Kabiri

Department of Microbiology, Faculty of Biological Sciences, Islamic Azad University,
Falavarjan Branch, Isfahan, Iran

Abstract:

Vinegar or sour wine is a product of alcoholic and subsequent acetous fermentation of sugary
precursors derived from several fruits or starchy substrates. This delicious food additive and
supplement contains not less than 4 grams of acetic acid in 100 cubic centimeters at 20°C.
Among the large number of bacteria that are able to produce acetic acid, only few genera are
used in vinegar industry most significant of which are Acetobacter and Gluconobacter. In this
research we isolated and identified an Acetobacter strain from Iranian apricot, a very delicious
and sensitive summer fruit to decay, we gathered from fruit's stores in Isfahan, Iran. The main
culture media we used were Carr, GYC, Frateur and an industrial medium for vinegar
production. We isolated this strain using a novel miniature fermentor we made at Pars Yeema
Biotechnologists Co., Isfahan Science and Technology Town (ISTT), Isfahan, Iran. The
microscopic examinations of isolated strain from Iranian apricot showed gram negative rods to
cocobacilli. Their catalase reaction was positive and oxidase reaction was negative and could
ferment ethanol to acetic acid. Also it showed an acceptable growth in 5%, 7% and 9% ethanol
concentrations at 30°C using modified Carr media after 24, 48 and 96 hours incubation
respectively. According to its tolerance against high concentrations of ethanol after four days
incubation and its high acetic acid production, 8.53%, after 144 hours, this strain could be
considered as a suitable industrial strain for a production of a new type of vinegar, apricot
vinegar, with a new and delicious taste. In conclusion this is the first report of isolation and
identification of an Acetobacter strain from Iranian apricot with a very good tolerance against
high ethanol concentrations as well as high acetic acid productivity in an acceptable incubation
period of time industrially. This strain could be used in vinegar industry to convert apricot
spoilage to a beneficiary product and mentioned characteristics have made it as an amenable
strain in food and agricultural biotechnology.

Keywords: Acetic Acid Bacteria, Acetobacter, Fermentation, Food and Agricultural
Biotechnology, Iranian Apricot, Vinegar.
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EFFECT OF FERMENTATION TIME ON XANTHAN GUM PRODUCTION FROM
SUGAR BEET MOLASSES

Marzieh Moosavi- Nasab, Safoora Pashangeh, Maryam Rafsanjani

Department of Food Science and Technology, College of Agriculture, Shiraz University,
Shiraz, Fars 7144165186 I.R.Iran

Abstract:

Xanthan gum is a microbial polysaccharide of great commercial significance. The purpose of
this study was to select the optimum fermentation time for xanthan gum production by
Xanthomonas campestris (NRRL-B-1459) using 10% sugar beet molasses as a carbon source.
The pre-heating of sugar beet molasses and the supplementation of the medium were
investigated in order to improve xanthan gum production. Maximum xanthan gum production
in fermentation media (9.02 g/1) was observed after 4 days shaking incubation at 25°C and 240
rpm agitation speed. A solution of 10% sucrose was used as a control medium. Results indicated
that the optimum period for xanthan gum production in this condition was 4 days.

Keywords: Biomass, Molasses, Xanthan gum, Xanthomonascampestris
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UTILIZATION JUICE WASTES AS CORN REPLACEMENT IN THE BROILER
DIET

Yose Rizal, Maria Endo Mahata, Mira Andriani, Guoyao Wu

Faculty of Animal Science, University of Andalas,Padang, West Sumatra, Indonesia

Abstract:

An experiment was conducted with 80 unsexed broilers of the Arbor Acress strain to determine
the capability of a carrot and fruit juice wastes mixture (carrot, apple, manggo, avocado, orange,
melon and Dutch egg plant) in the same proportion for replacing corn in broiler diet. This study
involved a completely randomized design (CRD) with 5 treatments (0, 5, 10, 15, and 20% of
juice wastes mixture in diets) and 4 replicates per treatment. Diets were isonitrogenous (22%
crude protein) and isocaloric (3000 kcal/kg diet). Measured variables were feed consumption,
average daily gain, feed conversion, as well as percentages of abdominal fat pad, carcass,
digestive organs (liver, pancreas and gizzard), and heart. Data were analyzed by analysis of
variance for CRD. Increasing juice wastes mixture levels in diets increased feed consumption
(P<0.05) and average daily gain (P<0.01), while improving feed utilization efficiency (P<0.05).
These treatments also affected (P<0.05) abdominal fat pad percentage but had no effect
(P>0.05) on carcass, liver, pancreas, gizzard or heart percentages. In conclusion, up to 20% of

juice wastes mixture could be included for the broiler diet to effectively replace up to 40% corn
in the diet.

Keywords: average daily gain, feed consumption, feedconversion, juice waste mixture
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SURVEY OF IMPACT OF PRODUCTION AND ADOPTION OF NANOCROPS ON
FOOD SECURITY

Sahar Dehyouri, Seyed Jamal Farajollah Hosseini

Islamic azad university of Science and research branch Tehran — Iran

Abstract:

Perspective of food security in 21 century showed shortage of food that production is faced to
vital problem. Food security strategy is applied longtime method to assess required food.
Meanwhile, nanotechnology revolution changes the world face. Nanotechnology is adequate
method utilize of its characteristics to decrease environmental problems and possible further
access to food for small farmers. This article will show impact of production and adoption of
nanocrops on food security. Population is researchers of agricultural research center of Esfahan
province. The results of study show that there was a relationship between uses, conversion,
distribution, and production of nanocrops, operative human resources, operative circumstance,
and constrains of usage of nanocrops and food security. Multivariate regression analysis by
enter model shows that operative circumstance, use, production and constrains of usage of
nanocrops had positive impact on food security and they determine in four steps 20 percent of
it.

Keywords: adoption, food safety, food security, nanocrops
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SOUS VIDE PACKAGING TECHNOLOGY APPLICATION FOR SALAD WITH
MEAT IN MAYONNAISE SHELF LIFE EXTENSION

Vita Levkane, Sandra Muizniece-Brasava, Lija Dukalska

Faculty of Food Technology, Latvia University of Agriculture, Jelgava, Latvia

Abstract:

Experiments have been carried out at the Latvia University of Agriculture Department of Food
Technology. The aim of this work was to assess the effect of sous vide packaging during the
storage time of salad with meat in mayonnaise at different storage temperature. Samples were
evaluated at 0, 1, 3, 7, 10, 15, 18, 25, 29, 42, and 52 storage days at the storage temperature of
+4+0.5 °C and +10+0.5 °C. Experimentally the quality of the salad with meat in mayonnaise
was characterized by measuring colour, pH and microbiological properties. The sous vide
packaging was effective in protecting the product from physical, chemical, and microbial
quality degradation. The sous vide packaging significantly reduces microbial growth at storage
temperature of +4+0.5 °C and +10+0.5 °C. Moreover, it is possible to extend the product shelf
life to 52 days even when stored at +10+0.5 °C.

Keywords: salad with meat in mayonnaise, shelf life, sous videpackaging.
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INVESTIGATION OF PHYSICOCHEMICAL PROPERTIES OF THE BACTERIAL
CELLULOSE PRODUCED BY GLUCONACETOBACTER XYLINUS FROM DATE
SYRUP

Marzieh Moosavi-Nasab, Ali R. Yousefi

Department of Food Science and Technology, College of Agriculture, Shiraz University,
Shiraz, 1.R.Iran

Abstract:

Bacterial cellulose, a biopolysaccharide, is produced by the bacterium, Gluconacetobacter
xylinus. Static batch fermentation for bacterial cellulose production was studied in sucrose and
date syrup solutions (Bx. 10%) at 28 °C using G. xylinus (PTCC, 1734). Results showed that
the maximum yields of bacterial cellulose (BC) were 4.35 and 1.69 g/100 ml for date syrup and
sucrose medium after 336 hours fermentation period, respectively. Comparison of FTIR
spectrum of cellulose with BC indicated appropriate coincidence which proved that the
component produced by G. xylinus was cellulose. Determination of the area under X-ray
diffractometry patterns demonstrated that the crystallinity amount of cellulose (83.61%) was
more than that for the BC (60.73%). The scanning electron microscopy imaging of BC and
cellulose were carried out in two magnifications of 1 and 6K. Results showed that the diameter

ratio of BC to cellulose was approximately 1/30 which indicated more delicacy of BC fibers
relative to cellulose.

Keywords: Gluconacetobacter xylinus, Fourier Transform Infrared spectroscopy, Scanning
Electron Microscopy, X-ray diffractometry
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COMPARISON OF PHYSICO-CHEMICAL PROPERTIES AND FATTY ACID

COMPOSTION OF ELATERIOSPERMUM TAPOS (BUAH PERAH), PALM OIL
AND SOYBEAN OIL

Siti Hamidah, Lee Nian Yian, Azizi Mohd
Faculty of Chemical and Natural Resources Engineering, Universiti Teknologi Malysia

Abstract:

Elateriospermum tapos seed (buah perah) is the one of the rich sources of polyunsaturated fatty
acids. It contains high percentage of oleic acid which is the important component to develop
nervous system and also a-linolenic acid (ALA) which is the precursor of omega-3 fatty acids
series to synthesize eicosapentaenoic acid (EPA) and docosahexaenoic acid (DHA). However,
there is less study about this valuable oilseed and exploit its potential. Therefore, this paper is
to assess the comparison of physico-chemical properties and fatty composition of perah oil to
palm oil and soybean oil. From the comparison, perah oil shows low peroxide value means it
has good oxidative stability and also high iodine values shows that it can be used in paint
industry. The study shown that perah oil is comparable to palm oil and soybean oil, so it has

high potential to be exploited in the oleochemical, pharmaceutical, cosmetics and paint
industries.

Keywords: a-linolenic acid, palm oil, perah oil, soybean oil
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PHYSICAL PROPERTIES AND STABILITY OF EMULSIONS AS AFFECTED BY
NATIVE AND MODIFIED YAM STARCHES

Nor Hayati Ibrahim, Shamini Nair Achudan

Department of Food Science, Faculty of Agrotechnology and Food Science, Universiti
Malaysia Terengganu, Terengganu, Malaysia

Abstract:

This study was conducted in order to determine the physical properties and stability of
mayonnaise-like emulsions as affected by modified yam starches. Native yam starch was
modified via pre-gelatinization and cross-linking phosphorylation procedures. The emulsions
(50% oil dispersed phase) were prepared with 0.3% native potato, native yam, pre-gelatinized
yam and cross-linking phosphorylation yam starches. The droplet size of surface weighted mean
diameter was found to be significantly (p < 0.05) lower in the sample with cross-linking
phosphorylation yam starch as compared to other samples. Moreover, the viscosity of the
sample with pregelatinized yam starch was observed to be higher than that of other samples.
The phase separation stability was low in the freshly prepared and stored (45 days, 5°C)
emulsions containing native yam starch. This study thus generally suggested that modified yam
starches were more suitable (i.e. better physical properties and stability) to be used as stabilizers
in a similar system i.e. light mayonnaises, rather than a native yam starch.

Keywords: Oil-in-water emulsions, low-fat mayonnaises, modified yam starches, droplet size
distribution, viscosity.
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OPTIMIZATION OF EXTRACTION OF PHENOLIC COMPOUNDS FROM
AVICENNIA MARINA (FORSSK.)VIERH USING RESPONSE SURFACE
METHODOLOGY

V.Bharathi, Jamila Patterson, R.Rajendiran

Suganthi Devadason Marine Research Institute, Tuticorin, TamilNadu, India

Abstract:

Optimization of extraction of phenolic compounds from Avicennia marina using response
surface methodology was carried out during the present study. Five levels, three factors
rotatable design (CCRD) was utilized to examine the optimum combination of extraction
variables based on the TPC of Avicennia marina leaves. The best combination of response
function was 78.41 °C, drying temperature; 26.18°C; extraction temperature and 36.53 minutes
of extraction time. However, the procedure can be promptly extended to the study of several
others pharmaceutical processes like purification of bioactive substances, drying of extracts and
development of the pharmaceutical dosage forms for the benefit of consumers.

Keywords: Avicennia marina, Central Composite RotatableDesign (CCRD), Response Surface
Methodology, Total Phenoliccontents (TPC)
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CHEMICAL AND BIOLOGICAL PROPERTIES OF LOCAL COWPEA SEED
PROTEIN GROWN IN GIZAN REGION

Abdelatief S. H. El-Jasser
Department of Nutrition, Riyadh 11488, P.O Box 35047, Saudi Arabia

Abstract:

The aim of the present study was to investigate the chemical and biological properties of local
cowpea seed protein cultivated in Gizan region. The results showed that the cowpea and its
products contain high level of protein (22.9-77.6%), high carbohydrates (9.4-64.3%) and low
fats (0.1-0.3%). The trypsin and chymotrypsin activities were found to be 32.2 and 15.2 units,
respectively. These activities were not affected in both defatted and protein concentrate whereas
they were significantly reduced in isolated protein and cooked samples. The phytate content of
cooked and concentrated cowpea samples varied from 0.25% -0.32%, respectively. Tannin
content was found to be 0.4% and 0.23% for cooked and raw samples, respectively. The in vitro
protein digestibility was very high in cowpea seeds (75.04-78.76%). The biological evaluation
using rats showed that the group fed with animal feed containing casein gain more weight than
those fed with that containing cowpea. However, the group fed with cooked cowpea gain more
weight than those fed with uncooked cowpea. On the other hand, in vivo digestion showed high
value (98.33%) among the group consumed casein compared to other groups those consumed
cowpea contains feed. This could be attributed to low antinutritional factors in casein contains
feed compared to those of cowpea contains feed because cooking significantly increased the
digestion rate (80.8% to 83.5%) of cowpea contains feed. Furthermore, the biological evaluation
was high (91.67%) of casein containing feed compared to that of cowpea containing feed
(80.83%-87.5%). The net protein utilization (NPU) was higher (89.67%) in the group fed with
casein containing feed than that of cowpea containing feed (56.33%-69.67%).

Keywords: Biological properties, Cowpea seed protein, Antinutritional factors, In vitro
digestibility

158



H
@\wﬂ E“*Q‘_r
& 2

.Y

ACADE Y,
PTG

BINGOL 5% INTERNATIONAL CONFERENCE ON APPLIED SCIENCES
September 12-14, 2025 - BINGOL
ISBN NR. : 978-625-5694-34-8

0

INTERACTION EFFECT OF DGAT1 AND COMPOSITE GENOTYPE OF BETA-
KAPPA CASEIN ON ECONOMIC MILK PRODUCTION TRAITS IN CROSSBRED
HOLSTEIN

A. Molee, N. Duanghaklang, P. Mernkrathoke

University of Technology, Nakhon Ratchasima Thailand
Abstract:

The objective was to determine the single gene and interaction effect of composite genotype of
beta-kappa casein and DGAT1 gene on milk yield (MY) and milk composition, content of milk
fat (%FAT), milk protein (%PRO), solid not fat (%SNF), and total solid (%TS) in crossbred
Holstein cows. Two hundred and thirty- one cows were genotyped with PCR-RFLP for DGAT 1
and composite genotype data of beta-kappa casein from previous work were used. Two model,
(1), and (2), was used to estimate single gene effect, and interaction effect on the traits,
respectively. The significance of interaction effects on all traits were detected. Most traits have
consistent pattern of significant when model (1), and (2) were compared, except the effect of
composite genotype of betakappa casein on %FAT, and the effect of DGAT1 on MY, which the
significant difference was detected in only model (1).The results suggested that when the
optimum of all traits was necessary, interaction effect should be concerned.

Keywords: composite genotype of beta-kappa casein, DGAT1gene, Milk composition, Milk
yield
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REVEA LING CASEIN MICELLE DISPERSION UNDER VARIOUS RANGES OF
NACL: EVOLUTION OF PARTICLES SIZE AND STRUCTURE

Raza Hussain, Claire Gaiani, Jo€l Scher

University of Technology, Nakhon Ratchasima Thailand

Abstract:

Dispersions of casein micelles (CM) were studied at a constant protein concentration of 5 wt %
in high NaCl environment ranging from 0% to 12% by Dynamic light scattering (DLS) and
Fourier Transform Infrared (FTIR). The rehydration profiles obtained were interpreted in term
of wetting, swelling and dispersion stages by using a turbidity method. Two behaviours were
observed depending on the salt concentration. The first behaviour (low salt concentration)
presents a typical rehydration profile with a significant change between 3 and 6% NaCl
indicating quick wetting, swelling and long dispersion stage. On the opposite, the dispersion
stage of the second behaviour (high salt concentration) was significantly shortened indicating a
strong modification of the protein backbone. A salt increase result to a destabilization of the
micelle and the formation of mini-micelles more or less aggregated indicating an average
micelles size ranging from 100 to 200 nm. For the first time, the estimations of secondary
structural elements (irregular, B-sheet, a-helix and turn) by the Amide III assignments were
correlated with results from Amide I.

Keywords: Casein, DLS, FTIR, Ionic environment.
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PROCESS DEVELOPMENT OF SAFE AND READY-TO-EAT RAW OYSTER MEAT
BY IRRADIATION TECHNOLOGY

Pattama Ratana-Arporn, Pongtep Wilaipun
Assistant Professor in Faculty of Fisheries, Kasetsart University , Thailand.

Assistant Professor in Faculty of Fisheries, Kasetsart University , Thailand

Abstract:

White scar oyster (Crassostrea belcheri) is often eaten raw and being the leading vehicle for
foodborne disease, especially Salmonella Weltevreden which exposed the prominent and most
resistant to radiation. Gamma irradiation at a low dose of 1 kGy was enough to eliminate S.
Weltevreden contaminated in oyster meat at a level up to 5 log CFU/g while it still retain the
raw characteristics and equivalent sensory quality as the non-irradiated one. Process
development of ready-to-eat chilled oyster meat was conducted by shucking the meat,
individually packed in plastic bags, subjected to 1 kGy gamma radiation at chilled condition
and then stored in 40C refrigerated temperature. Microbiological determination showed the
absence of S. Weltevreden (5 log CFU/g initial inoculated) along the whole storage time of 30
days. Sensory evaluation indicated the decreasing in sensory scores along storage time which
determining the product shelf life to be 18 days compared to 15 days of nonirradiated one. The
most advantage of developed process was to provide the safe raw oyster to consumers and in
addition sensory quality retained and 3-day extension shelf life also exist.

Keywords: decontamination, food safety, irradiation, oyster, Salmonella Weltevreden
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USING ISM TO IDENTIFY THE INTERRELATIONSHIPS AMONG CRITERIA FOR
KNOWLEDGE MANAGEMENT WITHIN MALAYSIAN ORGANIZATIONS

Phd. Reza Sigari Tabrizi, Dr. Yeap Peik Foong, Nazli Ebrahimi
Department of Management, University of Malaya, Malaysia

ABSTRACT

This study employs Interpretive Structural Modeling (ISM) to analyze and identify the complex
interrelationships among various criteria critical to effective knowledge management within
Malaysian organizations. Knowledge management is increasingly recognized as a strategic
asset, yet organizations face challenges in prioritizing and understanding how different factors
influence one another. The research begins by reviewing existing literature to compile a
comprehensive list of criteria, including organizational culture, technology infrastructure,
leadership support, and employee engagement. Using expert input and ISM methodology, the
study constructs a hierarchical model that visually represents the dependencies and driving
forces among these criteria. Findings reveal that leadership commitment and organizational
culture serve as foundational drivers that significantly impact other elements such as technology
adoption and knowledge sharing practices. The model also highlights feedback loops and
mutual influences that complicate straightforward management approaches. By clarifying these
relationships, the research provides managers with a structured framework to develop targeted
strategies for enhancing knowledge management effectiveness. The study contributes to both
theoretical understanding and practical application, offering insights relevant to organizations
in Malaysia and comparable emerging economies. Future research directions include validating
the model across different sectors and integrating quantitative data for more robust analysis.

Keywords: Knowledge management, Interpretive Structural Modeling, organizational culture,
leadership, Malaysia
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EXPLORING THE IMPACT OF MARKET BETA ON ASSET PRICING: FINDINGS
FROM THE ROMANIAN STOCK MARKET

loan Popa, Radu Lupu, Cristiana Tudor
Department of Finance, Bucharest University of Economic Studies, Romania

ABSTRACT

This paper investigates the role of market beta in asset pricing within the Romanian stock
market, aiming to understand how systematic risk influences expected returns in an emerging
market context. Market beta, a measure of an asset’s sensitivity to overall market movements,
is a fundamental concept in financial theory, yet its empirical validity can vary across markets.
The study uses historical stock price data and market indices from the Bucharest Stock
Exchange over a ten-year period. Employing regression analysis and the Capital Asset Pricing
Model (CAPM), the research tests the relationship between beta values and realized returns for
a diverse set of equities. Results indicate a positive but nonlinear association, suggesting that
while higher beta stocks generally yield higher returns, the relationship is influenced by market
volatility and investor behavior specific to Romania. The paper also explores sectoral
differences and the impact of macroeconomic factors on beta’s predictive power. These
findings contribute to a nuanced understanding of risk-return dynamics in transitional
economies and offer practical implications for portfolio management and risk assessment. The
study recommends further investigation into alternative risk measures and the integration of
behavioral finance perspectives to enhance asset pricing models in emerging markets.

Keywords: Market beta, asset pricing, Romanian stock market, CAPM, systematic risk
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ASSESSING AN OFFSHORE WIND POWER PROJECT: ECONOMIC, STRATEGIC,
AND ENVIRONMENTAL ASSESSMENT

Assis. Prof. Dr. Paula Ferreira, Filipa Vieira
Department of Finance, Bucharest University of Economic Studies, Romania

ABSTRACT

This research evaluates an offshore wind power project through a comprehensive assessment
encompassing economic viability, strategic alignment, and environmental impact. As
renewable energy gains prominence in global energy transitions, offshore wind offers
significant potential but also presents unique challenges. The study begins by analyzing project
costs, expected revenues, and financing structures to determine economic feasibility. Strategic
assessment considers alignment with national energy policies, market demand, and stakeholder
interests. Environmental evaluation focuses on potential impacts on marine ecosystems,
biodiversity, and local communities, incorporating environmental impact assessments and
stakeholder consultations. The methodology integrates cost-benefit analysis, SWOT analysis,
and ecological risk assessment to provide a holistic view. Findings demonstrate that while the
project promises substantial long-term economic and environmental benefits, initial capital
costs and ecological concerns require careful management. The research highlights the
importance of adaptive strategies to mitigate environmental risks and optimize stakeholder
engagement. The study offers valuable insights for policymakers, investors, and environmental
planners aiming to balance sustainable development with energy needs. Future work is

suggested to monitor project implementation and assess cumulative environmental effects over
time.

Keywords: Offshore wind power, economic assessment, environmental impact, renewable
energy, strategic planning
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APPLICATION OF TOPSIS APPROACH TO SOLVE SUPPLIER SELECTION
ISSUES

Dr. Omid Jadidi, Assis. Prof. Dr. Fatemeh Firouzi, Enzo Bagliery
Department of Industrial Engineering, Sharif University of Technology, Iran

ABSTRACT

Supplier selection is a critical decision-making process in supply chain management, directly
affecting operational efficiency and competitiveness. This study applies the Technique for
Order Preference by Similarity to Ideal Solution (TOPSIS) method to address supplier selection
challenges by evaluating multiple criteria simultaneously. The research identifies key criteria
such as cost, quality, delivery reliability, and sustainability performance through literature
review and expert consultations. Using a case study from the manufacturing sector, the TOPSIS
approach ranks potential suppliers based on their closeness to the ideal solution, enabling
decision-makers to identify the most suitable partner. The methodology incorporates weighting
schemes to reflect organizational priorities and sensitivity analysis to test robustness. Results
demonstrate that TOPSIS provides a transparent and systematic framework for complex
supplier evaluation, improving decision quality and stakeholder confidence. The study also
discusses practical implementation considerations and potential integration with other multi-
criteria decision-making tools. By enhancing supplier selection processes, organizations can
achieve cost savings, quality improvements, and stronger supply chain resilience. The paper
concludes by recommending further research on dynamic supplier evaluation models
incorporating real-time data and risk factors.

Keywords: Supplier selection, TOPSIS, multi-criteria decision making, supply chain
management
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CORE PRINCIPLES OF THEORY OF CONSTRAINTS: AN UP-AND-COMING
PHILOSOPHY

Ajay Gupta, Arvind Bhardwaj, Arun Kanda
Department of Operations Management, Indian Institute of Management, Ahmedabad, India

ABSTRACT

The Theory of Constraints (TOC) is an emerging management philosophy that focuses on
identifying and addressing the most critical limiting factor (constraint) that impedes
organizational performance. This paper outlines the core principles of TOC and examines its
application across various industries to improve process flow, productivity, and profitability.
The study begins by explaining the fundamental concepts, including the five focusing steps and
the importance of continuous improvement. It explores how TOC integrates with other
management approaches such as Lean and Six Sigma to create synergistic effects. Through case
studies in manufacturing, healthcare, and service sectors, the research illustrates practical
benefits such as reduced lead times, inventory optimization, and enhanced throughput. The
paper also discusses challenges in implementing TOC, including organizational resistance and
the need for cultural change. Furthermore, it highlights recent developments in TOC theory and
tools, such as the Thinking Processes and Critical Chain Project Management. The study
concludes that TOC offers a powerful framework for addressing complex operational problems
and driving sustainable competitive advantage. It encourages further empirical research to
validate TOC’s effectiveness in diverse contexts and to explore its integration with digital
transformation initiatives.

Keywords: Theory of Constraints, operational management, process improvement, continuous
improvement
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FRAMEWORK FOR POLICY MANAGEMENT IN ENTERPRISE POLICIES
ADMINISTRATION

Dahir A. Ga'al, Wardah Zainal Abidin
Department of Information Systems, Universiti Teknologi Malaysia, Malaysia

ABSTRACT

Effective policy management is essential for ensuring compliance, governance, and strategic
alignment within enterprises. This paper proposes a comprehensive framework for managing
enterprise policies, addressing challenges in policy creation, dissemination, enforcement, and
monitoring. The framework integrates technological solutions, organizational processes, and
stakeholder involvement to facilitate coherent policy administration. It emphasizes the
importance of clear policy hierarchies, version control, and audit trails to maintain transparency
and accountability. The study includes a review of existing policy management tools and
identifies gaps related to scalability, adaptability, and user engagement. Using qualitative data
from industry experts and case studies, the research validates the framework’s applicability
across different sectors. The findings suggest that adopting such a framework can reduce policy
conflicts, improve regulatory compliance, and enhance organizational agility. The paper
concludes with recommendations for implementing the framework, highlighting the role of
leadership commitment and continuous evaluation. Future research directions include
developing automated policy management systems using artificial intelligence and machine
learning to further optimize enterprise governance.

Keywords: Policy management, enterprise governance, compliance, organizational processes
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WHEN ELUCIDATIONS "INDUCE" MISTAKES: AN EXAMINATION OF
DEPICTIONS AND COMPRESSIONS

Assoc. Prof. Dr. Michael Lissack
Department of Finance, Riga Technical University, Latvia

ABSTRACT

This paper investigates the cognitive and communicative phenomena whereby attempts to
clarify or explain complex information—referred to as "elucidations"—may paradoxically lead
to misunderstandings or errors. The study focuses on the roles of depictions (visual or verbal
representations) and compressions (simplifications or abstractions) in knowledge transmission.
Through a mixed-methods approach combining theoretical analysis and empirical case studies,
the research highlights how certain modes of explanation can unintentionally distort meaning
or omit critical nuances, thereby inducing mistakes in interpretation or application. The paper
explores the balance between clarity and oversimplification, emphasizing that while
simplification aids comprehension, excessive compression risks losing essential details. It also
examines the impact of different media and cultural contexts on the effectiveness of
elucidations. Findings suggest that educators, communicators, and knowledge managers must
carefully design explanations to minimize induced errors, employing iterative feedback and
multimodal representations. The study contributes to understanding how knowledge is
constructed and shared, with implications for education, organizational communication, and
information design. Future research directions include developing frameworks to optimize
elucidation strategies and reduce cognitive biases in interpretation.

Keywords: knowledge communication, elucidation, cognitive errors, depictions, information
compression
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IMPLEMENTATION OF MICROSOFT TECHNOLOGIES IN COURSEWORK - AN
INSTANCE STUDY

Lilac Al Safadi
Rana Abu Nafesa
Regina Garcia
Department of Computer Science, University of Jordan, Jordan

ABSTRACT

This study examines the practical integration of Microsoft technologies within higher education
coursework, focusing on a case study at the University of Jordan. The research assesses how
tools such as Microsoft Teams, OneNote, and Power Bl are employed to enhance teaching and
learning experiences. Data were collected through surveys, interviews, and classroom
observations involving faculty and students across multiple departments. The findings reveal
that Microsoft technologies facilitate collaboration, improve content delivery, and support data-
driven decision-making in academic settings. However, challenges such as limited digital
literacy, infrastructure constraints, and resistance to change were also identified. The study
highlights best practices for successful implementation, including comprehensive training,
technical support, and alignment with pedagogical goals. It further discusses the role of these
technologies in fostering interactive and flexible learning environments, especially under
circumstances requiring remote or hybrid education. The paper concludes by recommending
institutional policies to promote sustainable technology adoption and continuous evaluation to
maximize educational benefits. This research contributes to understanding the impact of digital
tools on curriculum modernization and offers practical insights for educators and
administrators.

Keywords: Microsoft technologies, educational technology, digital learning, higher education,
technology adoption
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CYBERSPACE: ANOVEL MEDIUM TO ADVANCE TRADITIONAL DANCES IN
INDONESIA PERSIAN BAZAARS: THE DEMONSTRATION OF STABLE IDEAS

Dr. Maria Satya Rani
Fandy Tjiptono
Suyoto
Department of Cultural Studies, Gadjah Mada University, Indonesia

ABSTRACT

This interdisciplinary study explores how cyberspace serves as an innovative platform for
preserving and promoting traditional Indonesian dances within the context of Persian bazaars,
symbolizing a cultural exchange and the demonstration of enduring ideas. The research
investigates digital media’s role in transcending geographical boundaries to sustain intangible
cultural heritage. Through ethnographic fieldwork, digital content analysis, and interviews with
dancers, cultural practitioners, and audiences, the study reveals how online spaces facilitate the
transmission, adaptation, and reinterpretation of traditional dance forms. It highlights the
challenges of maintaining authenticity while embracing digital transformation, as well as the
opportunities for creative collaboration and audience engagement. The paper discusses how
cyberspace enables marginalized cultural expressions to reach global audiences, fostering
intercultural dialogue and identity affirmation. Moreover, it examines the symbolic significance
of Persian bazaars as a metaphor for cultural stability and exchange. The findings underscore
the importance of integrating digital strategies into cultural preservation efforts and suggest
policy implications for supporting sustainable cultural practices in the digital age. This research
contributes to the broader discourse on technology, culture, and globalization.

Keywords: cyberspace, traditional dance, cultural preservation, digital media, intercultural
exchange
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ELEMENTS INFLUENCING ECOLOGICAL MANAGEMENT PRACTICES
AMONG HOTELS IN MALAYSIA

Dr. Aida Amirazodi
Faculty of Environmental Science, University of Malaya, Malaysia

ABSTRACT

This research investigates the factors influencing ecological management practices among
hotels in Malaysia, a country experiencing rapid tourism growth and increasing environmental
concerns. Using a mixed-methods approach that combines surveys of hotel managers and in-
depth interviews, the study identifies key drivers and barriers to adopting sustainable practices.
Elements such as organizational commitment, regulatory compliance, customer demand,
financial incentives, and staff training emerged as significant influences. The research also
explores how cultural values and environmental awareness shape managerial decisions.
Findings indicate that while many hotels recognize the importance of ecological management,
implementation varies widely due to resource limitations and competing priorities. The study
highlights best practices including energy efficiency, waste reduction, water conservation, and
green certification programs. It emphasizes the role of government policies and industry
associations in promoting sustainability standards. The paper concludes with recommendations
for enhancing ecological management through education, incentives, and stakeholder
collaboration to ensure the tourism sector’s long-term environmental and economic viability.
This study contributes to understanding sustainable tourism development in emerging markets.

Keywords: ecological management, sustainable tourism, hotels, Malaysia, environmental
practices
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RESILIENT HUMAN RIGHTS GOVERNANCE: FORMULATING
INTERNATIONAL STANDARDS

Zaiton Samdin
Kasimu Abdu Bakori
Hamimah Hassan
Faculty of Law, University of Cape Town, South Africa

ABSTRACT

This paper addresses the urgent need for resilient human rights governance by proposing the
formulation of robust international standards that can withstand political, social, and economic
challenges. The study reviews existing human rights frameworks and critiques their limitations
in adapting to contemporary crises such as armed conflicts, authoritarianism, and global
pandemics. It advocates for a dynamic governance model that integrates flexibility,
accountability, and inclusivity to protect vulnerable populations effectively. Through
comparative legal analysis and stakeholder consultations, the research identifies core principles
for resilient governance, including enforceability, participatory mechanisms, and cross-sector
collaboration. The paper also examines the role of international organizations, states, and civil
society in advancing these standards. Emphasis is placed on the balance between universal
norms and local contexts to ensure legitimacy and effectiveness. The findings suggest that
strengthening human rights governance requires innovative legal instruments, enhanced
monitoring, and capacity-building initiatives. The study contributes to the discourse on global
justice and offers policy recommendations for international bodies aiming to reinforce human
rights protections in an increasingly complex world.

Keywords: human rights governance, international standards, resilience, global justice
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DETERMINANTS FOR TRIUMPH IN EXPATRIATION OF MALAYSIAN
INTERNATIONAL CORPORATIONS

Helen P. Greatrex
School of Business, University of Nottingham Malaysia Campus, Korea

ABSTRACT

This study explores the critical determinants that influence the success of expatriation
assignments within Malaysian international corporations. Drawing on qualitative interviews
with expatriates, human resource managers, and organizational leaders, the research identifies
personal, organizational, and cultural factors that contribute to expatriate effectiveness and
adjustment. Key determinants include cross-cultural competence, organizational support
systems, clear communication channels, and family integration strategies. The study also
highlights challenges such as cultural shock, role ambiguity, and repatriation difficulties.
Findings suggest that corporations that invest in comprehensive pre-departure training, ongoing
support, and career development opportunities experience higher expatriate success rates. The
paper emphasizes the strategic importance of expatriation in global business expansion and
knowledge transfer. It concludes with practical recommendations for multinational
corporations to enhance expatriate management policies and foster sustainable international
operations. This research adds to the understanding of global human resource management and
expatriate dynamics in emerging economies.

Keywords: expatriation, international corporations, cross-cultural management, Malaysia,
human resource management
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OPTIMIZING OF GAS CONSUMPTION IN GAS-BURNER SPACE HEATER

Saead Negahdari, Davood Jalali Vahid
Department of Mechanical Engineering, Sahand University of Technology, Tabriz, Iran

Abstract:

Nowadays, the importance of energy saving is clearance to everyone. By attention to increasing
price of fuels and also the problems of environment pollutions, there are the most efforts for
using fuels littler and more optimum in everywhere. This essay studies optimizing of gas
consumption in gas-burner space heaters. In oven of each gas-burner space heaters there is two
snags to prevent the hot air (the result of combustion of natural gas) to go out of oven of the
gas-burner space heaters directly without delivering its heat to the space of favorite environment
like a room. These snags cause a excess circulating that helps hot air deliver its heat to the space
of favorite environment. It means the exhaust air temperature will be decreased then when there
are no snags. This is the aim of this essay to use maximum potential energy of the natural gas
to make heat. In this study, by the help of a finite volume software (FLUENT) consumption of
the gas-burner space heaters is simulated and optimized. At the end of this writing, by
comparing the results of software and experimental results, it will be proved the authenticity of
this method.

Keywords: FLUENT, Heat transfer, Oven of Gas-burner spaceheaters, Simulation.
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DEVELOPMENT OF AUTOMATIC GUIDED MOBILE ROBOT USING MAGNETIC
POSITION METER

Geun-Mo Kim, Young-Jae Ryoo
Department of Control System Engineering, Mokpo Nat’l University , Korea

Abstract:

In this paper, an automatic guided mobile robot using a new magnetic position meter is
described. In order to measure the lateral position of a mobile robot, a new magnetic position
meter is developed. The magnetic position meter can detect the position of a magnetic wire on
the center of road. A mobile robot in designed with a sensing system, a steering system and a

driving system. The designed mobile robot is tested to verify the performance of automatic
guidance.

Keywords: Autonomous vehicle, magnetic position meter, steering, magnet.
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A SUPERVISORY SCHEME FOR STEP-WISE SAFE SWITCHING CONTROLLERS

Fotis N. Koumboulis, Maria P. Tzamtzi
Department of Automation, Halkis Institute of Technology, 34400, Psahna, Evia, Greece.

Abstract:

A supervisory scheme is proposed that implements Stepwise Safe Switching Logic. The
functionality of the supervisory scheme is organized in the following eight functional units:
Step- Wise Safe Switching unit, Common controllers design unit, Experimentation unit,
Simulation unit, Identification unit, Trajectory cruise unit, Operating points unit and Expert
system unit. The supervisory scheme orchestrates both the off-line preparative actions, as well
as the on-line actions that implement the Stepwise Safe Switching Logic. The proposed scheme
is a generic tool, that may be easily applied for a variety of industrial control processes and may

be implemented as an automation software system, with the use of a high level programming
environment, like Matlab.

Keywords: Supervisory systems, safe switching, nonlinear systems.
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GEOMETRY DESIGN SUPPORTED BY MINIMIZING AND VISUALIZING
COLLISION IN DYNAMIC PACKING

Johan Segeborn, Johan S. Carlson, Robert Bohlin, Rikard Soderberg

Department of Product and production development at Chalmers University of technology

Abstract:

This paper presents a method to support dynamic packing in cases when no collision-free path
can be found. The method, which is primarily based on path planning and shrinking of
geometries, suggests a minimal geometry design change that results in a collision-free assembly
path. A supplementing approach to optimize geometry design change with respect to redesign
cost is described. Supporting this dynamic packing method, a new method to shrink geometry
based on vertex translation, interweaved with retriangulation, is suggested. The shrinking
method requires neither tetrahedralization nor calculation of medial axis and it preserves the

topology of the geometry, i.e. holes are neither lost nor introduced. The proposed methods are
successfully applied on industrial geometries.

Keywords: Dynamic packing, path planning, shrinking.
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FLEXIBLE HEURISTICS FOR PROJECT SCHEDULING WITH LIMITED
RESOURCES

Milos Seda

Institute of Automation and Computer Science, Faculty of Mechanical Engineering, Brno
University of Technology, Czech Republic

Abstract:

Resource-constrained project scheduling is an NPhard optimisation problem. There are many
different heuristic strategies how to shift activities in time when resource requirements exceed
their available amounts. These strategies are frequently based on priorities of activities. In this
paper, we assume that a suitable heuristic has been chosen to decide which activities should be
performed immediately and which should be postponed and investigate the resource-
constrained project scheduling problem (RCPSP) from the implementation point of view. We
propose an efficient routine that, instead of shifting the activities, extends their duration. It
makes it possible to break down their duration into active and sleeping subintervals. Then we
can apply the classical Critical Path Method that needs only polynomial running time. This
algorithm can simply be adapted for multiproject scheduling with limited resources.

Keywords: Project management, resource-constrained scheduling, NP-hard problem, CPM,
heuristic method.
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INTELLIGENT ABS FUZZY CONTROLLER FOR DIVERSE ROADSURFACES

Roozbeh Keshmiri, Alireza Mohamad Shahri

Electronic Research Center, Iran University of Science and Technology, Narmak, Tehran,
16844, Iran

Abstract:

Fuzzy controllers are potential candidates for the control of nonlinear, time variant and also
complicated systems. Anti lock brake system (ABS) which is a nonlinear system, may not be
easily controlled by classical control methods. An intelligent Fuzzy control method is very
useful for this kind of nonlinear system. A typical antilock brake system (ABS) by sensing the
wheel lockup, releases the brakes for a short period of time, and then reapplies again the brakes
when the wheel spins up. In this paper, an intelligent fuzzy ABS controller is designed to adjust
slipping performance for variety of roads. There are tow major sections in the proposing control
system. First section consists of tow Fuzzy-Logic Controllers (FLC) providing optimal brake
torque for both front and rear wheels. Second section which is also a FLC provides required
amount of slip and torque references properties for different kind of roads. Simulation results
of our proposed intelligent ABS for three different kinds of road show more reliable and better
performance in compare with two other break systems.

Keywords: Fuzzy Logic Control, ABS, Anti lock BrakingSystem.
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