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Anahtar Kelimeler O0z: Arastirmada kamu hastanesinde calisanlarin kalite algillarim 6lgmek icin
AF?CI degisken, kullanilan “Saghk Calisanlarinin Kalite Algis1 Olgegi’nin alt boyutlarinin birbirleriyle
Kalite,

olan iligkilerini belirlemek adina bir model tasarlanmistir. Aragtirmanin evrenini
hem grup rolii bakimindan hem de binanin fiziksel 6zellikleri acisindan denk olan
iki devlet hastanesinde c¢alisan tiim personel olusturmaktadir. Katilimcilar
olusturulurken basit tesadiifi 6rnekleme yontemi kullanilmistir. Calisma toplam

Kismi en kiictik kareler
yaklasimy,

Kismi en kiictik kareler
yapisal esitlik modellemesi

(PLS-SEM), 334 katihma ile gerceklestirilmistir. Onerilen model kismi en kiiciik kareler yapisal
Saglikta kalite algisi, esitlik modellemesi (Partial Least Square Structural Equation Model, PLS-SEM)
[statistik yontemiyle RStudio programiyla analiz edilmistir. PLS-SEM analizi neticesinde

modelde yer alan degiskenlerden Yonetim ve Liderligin (8:0,582) Insan Kaynaklar
Kullanimi iizerinde; Yonetim ve Liderlik (B:0,541) ile Insan Kaynaklar1 Kullaniminin
(B:0,281) Kurum Yarari iizerinde; Yonetim ve Liderlik ($:0,301) ile Kurum Yararinin
(B:0,480) Hasta Yarar iizerinde istatistiksel acidan anlamli ve pozitif yonde bir
etkiye sahip oldugu ortaya cikmistir. Saglik c¢alisanlarinda kalite algisim
artirabilmek i¢in oncelikle Yonetim ve Liderlik ile Kurum Yarar: alt boyutunda
gerekli iyilestirmelerin yapilmasi gerekmektedir. Burada yapilacak iyilestirmeler
Hasta Yararinit hem dogrudan hem de dolayli olarak etkileyecektir.

Examining The Perception Of Quality For Healthcare Professionals By Structural

Equality Modeling
Keywords Abstract: In the research, a model was designed to determine the relationships
Medi_ator variable, between the sub-dimensions of the "Healthcare Professionals Quality Perception
Quality, Scale", which is used to measure the quality perceptions of the employees in public

Partial least squares
approach,

Partial least squares
structural equation modeling

hospitals. The universe of the research consists of all personnel working in two
public hospitals, which are equivalent both in terms of group role and physical
characteristics of the building. Simple random sampling method was used while

(PLS-SEM), creating the participants. The study was carried out with a total of 334 participants.
Health quality perception, The proposed model was analyzed with the RStudio program using the partial least
Statistics squares structural equation modeling (Partial Least Square Structural Equation

Model, PLS-SEM). As a result of the PLS-SEM analysis, on the Human Resources Use
of Management and Leadership ($:0.582), one of the variables included in the
model; On the Institutional Benefit of Management and Leadership (f3:0,541) and
Human Resources Utilization ($:0,281); It was revealed that Management and
Leadership (f:0.301) and Institutional Benefit (f:0.480) had a statistically
significant and positive effect on Patient Benefit. In order to increase the perception
of quality in healthcare professionals, first of all, necessary improvements should be
made in the sub-dimension of Management and Leadership and Institutional
Benefit. Improvements to be made here will affect Patient Benefit both directly and
indirectly.

*ilgili yazar: helveren@hotmail.com
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1. Giris

Diinyada ve Tiirkiye’'de hizla gelisen teknoloji, tedavi
yontemleri, saglhik hizmeti sunumu standartlarindaki
iyilestirmeler ve pek ¢ok diger etkenler saglik
hizmetinde  ister  istemez  rekabet ortami
olusturmaktadir. Ozel, kamu fark etmeksizin her bir
saglik kurumu strdiirtlebilirligini saglamak amaciyla
hizmet kalitesi miimkiin oldugunca iyilestirerek
zorunlu olan belirli kalite standartlarini saglamak
zorunda kalmistir. Bu nedenle kalite standartlarinin
her gecen giin o©nemi artmakta ve siirekli
iyilestirilmektedir [1].

Kaliteye verilen o©6nemin ve rekabet seviyesinin
artmasi saglik kuruluslarinda éncelikle mevcut olan
kalite algisini tespit etmeye, sorunlarin nedenlerini ve
¢6ziim Onerileri arastirmaya tegvik etmistir. Yapilan
arastirmalar incelendiginde genellikle hastalarin
memnuniyet ve kalite algilarina 6nem verildigi
gorilmektedir. Oysa saglik sektoriinde dis miisteri
olarak kabul edilen hastalar kadar i¢ miisteri olarak
diistiintlen ve saglik hizmeti sunumun her asamasinda
rolii olan ve hastalarin saglik tesisine bakis a¢isinin
olusmasini dogrudan etkileyen saglik calisanlarinin da
kalite algisini etkileyen faktorlerin ol¢iilmesi ve eksik
goriilen noktalarda gerekli iyilestirmelerin yapilmasi
oldukc¢a 6nemlidir. Tam da bu gerekgeyle bu ¢alismada
kamu hastanesinde c¢alisan saglik personeline
uygulanan “Saglik Caliganlar Kalite Algis1 Olgegi”
kullanilmistir.

Bu arastirmada saglik ¢alisanlarinin ¢alistiklar saglik
tesisi icin algiladiklar1 kalite olgiilerek, dlcegin alt
boyutlar1 arasindaki iliskileri belirlemek i¢in yapilan
regresyon, aracilik analizi gibi c¢esitli analizler
yardimiyla bir model olusturulmustur. Kurulan bu
model PLS-SEM yontemiyle analiz edilerek alt
boyutlar arasindaki modelin anlamliligy, iliskilerin
boyutu ve yonii incelenmistir. Olusturulan modelin
saglik sektoriindeki yoneticilere saglik personelinin
kalite algisin1 iyilestirmede yol gdsterici olmasi
amagclanmistir. Ayrica literatiirde saglik ¢alisanlarinda
kalite algis1 iizerine ¢ok fazla ¢alisma yapilmadigl
gorilmiis ve sadece hasta ayagina degil saghk
calisanlar1 ayagina da dikkat cekilmesi hedeflenmistir.

Kismi En Kiicilk Kareler
Modellemesi (PLS-SEM)

Yapisal Esitlik

SEM’in o6zellikle sosyal bilimlerde artan popiilerligine
karsi farkli yaklasimlar énerilerek, SEM ile olusturulan
modellerle daha iyi ¢ikarimlar yapilmasi saglanmistir.
Bu calismada bu yaklasimlardan biri olan varyans
analizine dayanan PLS-SEM yoéntemi kullanilmistir.
PLS-SEM temel bilesenler analizini ve siradan en
kiiciik kareler regresyonuna dayali yol analizini bir
araya getirerek bir yapisal esitlik modelindeki pek ¢ok
denklemin parametrelerini tek seferde tahmin eder
[2]. PLS-SEM, hem veri dagilimi hakkinda hi¢bir
varsayimi olmaksizin yumusak bir modelleme
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yaklasimina sahip olmasi hem de kiigiik 6rneklem
boyutlarinda etkin sonuglar vermesi agisindan son
zamanlarda ¢ok tercih edilen bir ydntem haline
gelmistir.

PLS-SEM analizine baslamadan 6nce yapisal model ve
O6lcim  modelini  belirlemek gerekir. Bunlar
belirlendikten sonra analize gegcilir. ik asama 6l¢iim
modelinin degerlendirilmesi ve gerekli kosullarin
saglanip saglanmadiginin kontroliinliin yapilmasidir.
Olgiim modeli i¢cin gerekli kosullar saglandiktan sonra
yapisal modelin degerlendirilmesine gecilebilir.
Arastirma yansitici bir 6l¢lim modeline sahip oldugu
icin yansiticc model ile ilgili kriterlere gore
degerlendirme yapilmistir.

2. Materyal ve Metot

Arastirmanin evrenini, Istanbul ilinde yer alan iki
kamu hastanesinde hizmet vermekte olan personel
olusturmaktadir. Basit tesadiifi érnekleme ydntemi
kullanilan ¢alismada 334 kisi arastirmaya dahil
edilmistir. Calismada kullanilan veri seti kaggle.com
veri paylasim platformundan alinmistir [3]. Erdem [4]
bu veri setine iliskin tanimlayici istatistiklere tezinde
yer vermis, bu ¢calismada ise ayni veri setine PLS-SEM
uygulanmistir. Calismada yer alan veri toplama araci
“Saglik Calisanlar Kalite Algi Olcegi”dir. Bu 6lcek, yedi
alt faktér ve toplam 70 sorudan olusmaktadir [5].
Bunlar Yénetim ve Liderlik (YL) (12 madde), insan
Kaynaklar1 Kullanimi (IKK) (14 madde), Kalite Egitimi
(KE) (6 madde), Olgme Degerlendirme (OD) (6
madde), Kurum Yarar (KY) (10 madde), Personel
Yarart (PY) (8 madde) ve Hasta Yaran (HY) (14
madde)’dir. 5’li likert 6lgegi ile 6l¢iilmiistir. Bayer ve
Baykal [5], oOlgegin gecerlilik ve giivenilirlik
analizlerini yapmistir.

Verilerin analizi i¢in RStudio programi kullanilmistir.
Olgcege i¢ tutarhlik analizi yapilarak Cronbach-alfa
(0,987) degerleri elde edilmistir. Istatistiksel
anlamhlik diizeyi p<0,05 olarak kabul edilmistir.
Olcekten elde edilen puanlarin normal dagilim
durumu Kolmogrov-Smirnov testiyle incelenmis ve
normal dagilmadig1 tespit edilmistir (p<0,05). Bu
nedenle verilerin analizinde parametrik olmayan
yontemler tercih edilmistir. Eksik olan verilere lineer
interpolasyon yontemi ile veri atamasi yapilmistir.
Olgegin sorulan ile verilen cevaplarin ne kadar iliskili
oldugunu goérmek icin oncelikle toplanan verilere
dogrulayic1 faktor analizi uygulanmistir. Dogrulayici
faktor analizinde faktor yiiklerinin %70’in {izerinde
olmasi tercih edilir [6]. Buna gore yapilan analiz
sonucunda 70 sorudan 29 soru ve dort alt boyut
kalmistir. Bunlar Yonetim ve Liderlik, insan
Kaynaklar1 Kullanimi, Kurum Yarari ve Hasta Yarari
alt boyutlaridir. Degiskenlerin birbirleri arasindaki
yollar, yapilan basit regresyon analizlerinin sonuglari
ve alan uzman gorisi ile belirlenmis ve kurulan
modeldeki aracilik rollerinin degerlendirilmesi i¢in
Baron ve Kenny [7]'nin oOnerdigi ydntem
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dogrultusunda analiz edilmistir. Degiskenlerin
aracilik ve dolayl etkileri sobel testiyle test edilmistir.
Olusturulan model, PLS-SEM yoéntemiyle RStudio
programinda analiz edilmistir.

3. Bulgular
Arastirma hipotezlerini degerlendirmeden o6nce
degiskenler hakkinda fikir sahibi olmak icin

degiskenlerin ortalama, standart sapma ile Spearman-
sira korelasyonlar1 incelenmis ve degiskenlerin
birbirleriyle pozitif yonde anlamh iliskileri oldugu
gorilmiistiir. Degiskenlerin 100 puan iizerinden
ortalamalari ve standart sapmalari
YL=71,464+17,384, [KK=59,351+22,686,
KY=70,703+£18,577, HY=74,919+16,162"dir.
Spearnan-sira korelasyon katsayilari en diisiik HY-IKK
arasinda r=0,497 ve en yiiksek HY-KY arasinda
r=0,710 olup iliski katsayilar1 istatistiksel olarak
anlamhdir (p<0,01).

Arac1 Degisken Hipotezlerine Yonelik Analiz
Bulgulan

Bagimli ve bagimsiz degisken arasindaki iliskiyi baska
bir hipotetik degisken aracilifiyla inceleyen modellere
aracilik modelleri denir. Bir degiskenin aracilik
durumunun s6z konusu olabilmesi i¢cin bagimsiz
degiskenin bagimli degisken {lizerinde, araci
degiskenin bagimh degisken T{zerinde, bagimsiz

Tablo 1. Araci degisken hipotezlerine iliskin analiz sonuclari

degiskenin arac1 degisken iizerinde, anlaml etkisi
olmalidir. Bagimsiz ve aract degisken birlikte
regresyon analizine bagimsiz  degisken gibi
eklendiginde, bagimsiz degiskenin bagimh degisken
iizerindeki etkisi anlamli olarak azaliyorsa kismi
aracilik, tamamen yok oluyorsa tam araciliktan
bahsedilir [8]. “H1: Yonetim ve Liderlik ile Kurum
Yarar1 arasinda insan Kaynaklar1 Kullanimi bir araci
degiskendir.“, “Hz: Yonetim ve Liderlik ile Hasta Yarar1
arasinda Kurum Yarari bir araci degiskendir.” ve “H3:
Insan Kaynaklar1 Kullanimi ile Hasta Yarar arasinda
Kurum Yarari bir araci degiskendir.” hipotezlerini test
edebilmek icin az o©nce bahsedilen adimlar
uygulanmistir. Tablo 1‘de birinci, ikinci ve Ugiincii
kosullarimizin saglandig1 regresyon analizinde ilgili
bagimsiz degiskenlerin 8 katsayilarinin anlaml ¢iktigi
gorilmektedir (p<0,05). Hem araci hem de bagimsiz
degiskenin birlikte bagimsiz degisken olarak katildig:
regresyon analizinde bagimsiz degiskenlerin
katsayilar1 anlamli ¢ikmakla beraber bagimh
degiskenlerin iizerindeki aciklayicliginda diistis
oldugu goriilmektedir (p<0,05). Ayni analizde araci
degiskenler de anlamli ¢ikmistir. Bu durumda kismi
aracilik durumundan séz edilebilir. Sobel testi
sonucunda Hi, Hz ve Hs  hipotezlerinin
reddedilemedigi, IKK ve KY degiskeninin kismi araci
degisken oldugu onaylanmistir (H: icin Sobel:9,348,
Standart Hata:0,039, p<0,05; H:z icin Sobel:12,315,
Standart Hata:0,036, p<0,05 ve Hs i¢in Sobel:10,543,
Standart Hata:0,028, p<0,05).

Bagimsiz Degisken Bagimli Degisken R? F B p
Yonetim ve Liderlik Kurum Yaran 0,488 315,995 0,746 0,000
Insan Kaynaklari Kurum Yarar 0,351 179,420 0,485 0,000
. . YOnetim ve Liderlik Insan Kaynaklari 0,337 168,345 0,757 0,000
Hihipotezi 4 etim ve Liderlik 0571 0,000
insan Kaynaklar1 Kurum Yarari 0,541 194,666 0,231 0,000
Sobel Testi T:9,348 $=0,039 0,000
Yonetim ve Liderlik Hasta Yarari 0,403 224,361 0,590 0,000
Kurum Yarari Hasta Yarari 0,473 298,020 0,598 0,000
. . Yonetim ve Liderlik Kurum Yarari 0,488 315,995 0,746 0,000
H: hipotezi s . .
Yonetim ve Liderlik Hasta Yarari 0.520 179127 0,281 0,000
Kurum Yarar1 ’ ’ 0,415 0,000
Sobel Testi T:12,315 $=0,036 - 0,000
insan Kaynaklar1 Hasta Yaran 0,223 95,144 0,336 0,000
Kurum Yarari Hasta Yarari 0,473 298,020 0,598 0,000
. . Insan Kaynaklari Kurum Yaran 0,351 179,420 0,485 0,000
Hs hipotezi insan Kaynaklar1 0,071 0,044
Kurum Yarar: Hasta Yarari 0,480 152,438 0,547 0,000
Sobel Testi T:10,543 $=0,028 0,000

*T: T testi hesap degeri S:Standart hata

Olciim Modelinin Degerlendirilmesi

Hem uzman goriisii hem de yukarida yapilan aracilik
ve basit regresyon analizleriyle belirlenen arastirma
modeli RStudio programinda PLS-SEM yontemi ile test
edilmistir. PLS-SEM kullanilmasinin sebebi 6l¢cekte yer
alan soru sayisina gore gozlem sayisinin yetersiz
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kalmasi ve verilerin normal dagilmamasidir. PLS-SEM
analizini uygulamadan once o6l¢iim modelinin bazi
varsayimlari saglamasi gerekmektedir.

Tablo 2’de oOlgek sorularindan elde edilen faktor
yukleri ve varsayimlara iliskin veriler yer almaktadir.
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Tablo 2. Model faktdr analizi ve 6l¢iim modeli degerlendirme kriterlerine iliskin sonuglar

Gizil

Faktor

Gosterge

Degisken | GOStergeler Sorular Yiikleri | Giivenilirligi | tP¢8¢"
Cronbach alfa=0,956; RhoA=0,957; CR=0,962; AVE=0,738; R2=0,524
HY2 Kalite calismalari hasta giivenliginin saglanmasinda etkilidir. 0,862 0,744 40,030
HY3 Kalite calismalariyla hastalara biitiinciil hizmet sunumu saglanir. 0,898 0,806 62,017
HY4 Hasta giivenligini tehdit eden bir olay gelistiginde ¢alisanlar bunu ¢ekinmeden raporlar. 0,850 0,722 35,556
HY5 Hasta giivenligini etkileyen hatalarla ilgili olarak saglik calisanlarina egitim verilir. 0,853 0,727 30,944
HY HY6 Hasta giivenligini etkileyen olaylar kalite boliimii tarafindan incelenerek gerekli 6nlemler alinir. 0,883 0,780 47,813
HY9 Kalite ¢alismalari, hastanenin enfeksiyon orani, diisme gostergelerini azaltir. 0,849 0,720 38,522
HY12 Hastalara saglik bakim gereksinimlerinin ve sonuglarinin degerlendirildigi politikalar/siirecler mevcuttur. 0,841 0,708 40,479
HY13 Hastalara gereksinimlerine uygun saglik egitimi verilir. 0,836 0,699 32,602
HY14 Hastalara, haklar1 konusunda bilgi verilir. 0,858 0,736 41,963
Cronbach alfa=0,948; RhoA=0,949; CR=0,957; AVE=0,733
YL2 Hastane yonetimi kalite calismalari icin gerekli olan parasal kaynaklari ayirir. 0,824 0,679 36,621
YL3 Hastane yonetimi kalite calismalari icin gerekli olan insan kaynagini saglar. 0,833 0,693 32,939
YL4 Hastane yonetimi kalite calismalari icin gerekli komiteleri olusturur. 0,874 0,763 48,938
YL YL5 Hastanenin hizmet ve bakim kalitesini iyilestirmeye yonelik bir vizyon ve misyonu vardir. 0,867 0,752 40,403
YL6 Hastane yonetimi hizmet ve bakim kalitesini artirmak i¢in gerekli degisimleri gerceklestirir. 0,875 0,766 57,919
YL8 Hastane yonetimi kalite calismalarinda goriinen aksakliklar1 hizli sekilde ¢oziimler. 0,860 0,740 52,341
YL9 Hastane yonetimi kalite hedeflerini tiim calisanlara benimsetir. 0,856 0,732 45,983
YL10 Hastane yonetimi, hizmet kalitesine odaklanan bir kurum kiiltiirii olusturmaya calisir. 0,861 0,741 50,476
Cronbach alfa=0,962; RhoA=0,963; CR=0,967; AVE=0,767; R2=0,547
KY1 Kalite calismalari hastanede bilimsel ve ¢agdas hizmet sunumunu saglar. 0,875 0,766 50,867
KY2 Kalite calismalariyla hastanede teknolojik acidan en uygun hizmet verilir. 0,893 0,798 64,916
KY3 Kalite calismalariyla hastanenin miisteri memnuniyetinde siirekli artis saglanir. 0,886 0,785 54,455
KY4 Kalite ¢alismalar1 hastanenin laboratuvar, radyoloji vb. tibbi destek hizmetlerinde gelisme saglar. 0,875 0,766 37,025
Ky KY5 Hastanenin kalite belgesine sahip olmasi hastalar tarafindan yeglenmesinde etkilidir. 0,866 0,751 48,482
KY7 Kalite calismalari hastanenin dis paydaslari (SGK, diger kurumlar) is birligi gelistirmesine katk: saglar. 0,837 0,700 36,851
KY8 Kalite calismalari, hastaneyi yenilikei diisiincelere acik duruma getirir. 0,910 0,828 76,679
KY9 Kalite ¢alismalarinin uygulanmasi hastaneye yapilan hasta sevk ve transferlerinde yegleme nedenidir. 0,854 0,730 40,403
KY10 Kalite calismalari hastanenin fizik kosullarinin iyilestirilmesini saglar. 0,852 0,778 50,849
Cronbach alfa=0,892; RhoA=0,903; CR=0,933; AVE=0,823; R2=0,338
iKK iKKlO Kalite gelistirme ¢alismalarina katki saglayanlar mali olarak édiillendirilir. 0,855 0,731 38,704
IKK11 Kalite gelistirme calismalarina katilanlar tesekkiir mektubu gibi manevi 6diil sistemiyle ddiillendirilir. 0,920 0,847 92,768
IKK12 Kalite calismalari, ¢alisanlar arasinda adil bir ddiil sistemi olusturulmasini saglar. 0,944 0,892 134,873
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Gosterge Giivenilirligi: Faktor yiiklerinin Kkaresi
alinarak gosterge giivenilirliginin degerleri elde
edilmektedir. Faktor yiikii 0,70 ve iizeri olan degerler
analize dahil edildiginden biitiin degerler gosterge
glivenilirliginin esik degeri olan 0,50 degerinden,
biiylik bir cogunlugu ise 6nerilen deger olan 0,708
degerinden biiytiktiir [9, 10].

i¢ Tutarllik Giivenilirligi: Bu giivenilirlik icin
Cronbach-alfa, RhoA katsayisi ve CR degerlerini
incelemek gerekir. Bu degerlerin hepsi tablo 2’de
verilmistir. Cronbach-alfa degerinin 0,50’den biiyiik
olmasi istenir; CR degerinin esik deger olan 0,70’in
iizerinde olmasi beklenir; RhoA degeri Cronbach-alfa
ile CR arasinda bir deger alir ve 0,70 degerinden biiytk
olmasi yeterlidir [11, 12]. Tablo 2’de verilen tiim
degerlerin bu degeri asmasi modelin giivenilir
oldugunu gosterir.

Yakinsak Gecerlilik: Gizil yapidaki ifadelerin
arasindaki yakinlasmanin 6l¢iisii yakinsak gecerlilikle
kontrol edilmektedir. Bunun i¢in de ¢ikarilan ortalama
varyans degerini ifade eden tablo 2’deki AVE degerleri
kullanilmaktadir. AVE degerleri 0,50 degerinden
biiyiik oldugu i¢in model yakinsak gecerlilige sahiptir
[13].

Ayirt Edici Gegerlilik: Bu gecerlilik kavramsal olarak
benzeyen iki yapinin birbirinden ne derece farkl
oldugunu o6l¢gmek i¢in kullanilmaktadir. Bunu test
etmek icin tablo 3’te yer alan Fornell-Larcker ve
Heterotrait-Monotrait (HTMT) kriterleri incelenmis
[14, 15] ve iki kriterin de ayirt edici gecerliligi
sagladig gorilmistiir.

Tablo 3. Degiskenler arasi ayirt edici gecerlilik kriterleri

Heterotrait-
Fornell-Larcker Monotrait
Kriteri (HTMT)
Oranlari
YL IKK KY HY YL IKK KY
YL 0856
IKK 0581 0907 0,670
KY 0703 059 0876 0,736 0,671
HY 0638 0474 0691 0859 0693 0,598 0,759

Yapisal Modelin Degerlendirilmesi

Yapisal modelin degerlendirilmesi icin R2, 8 ve t-
degerleri (t degeri > 1,96 ise anlamlidir) gibi temel
Olciimler ile tahmin giicii (Stone-Geisser, Q%) ve etki
buiyikligii (f2) degerleri incelenmelidir. Yol
katsayilari, varyans etki faktorii (Variance Inflation
Factor, VIF), f2 ve R2 degerlerini hesaplamak icin PLS
algoritmasy;, Q2 degerini hesaplamak ic¢in ise
blindfolding analizi yapilmistir. PLS-SEM analizinde
hem i¢ hem de dis modelin 6nem testi i¢in gerekli olan
t degerlerini elde edebilmek i¢cin Bootstrap yontemi
kullanilmistir. Bu yo6ntemde, Bootstrap standart
hatalarin1 vermek igin orijinal 6rneklemden ¢ok
saylda alt 6rneklem alinir ve bu da yapisal yolun
anlamlilik testi icin yaklasik t degerlerini verir. Analiz
5.000 veya tercihen 10.000 bootstrap Ornegi
iizerinden yapilmalidir [16]. Bu g¢alisma 10.000
bootstrap Ornegi tlizerinden yapilmistir. Arastirma
modelinde yer alan degiskenler arasindaki iliskilerin
Sekil 1 ’de PLS-SEM analiz sonuglarina yer verilmistir.
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YL'nin IKK, KY ve HY: iKKnin KY; KYnin HY
tizerindeki etkilerine iliskin regresyon analizi

Tablo 4. Yol katsayilar1 anlamlilik testi sonuglar1 (bootstrapping)

sonuglart RStudio uygulamasindan elde edilmistir.
Sonuclar tablo 4’te mevcuttur.

. Yol Standart t 5% Giiven  95% Giiven
Hipotezler Yollar Katsayilan N - o Sonug
() Hata Degeri Arahig Arahig
Ha YL->IKK 0,582 0,040 14,541 0,515 0,645 Desteklendi
Hs YL->KY 0,541 0,047 11,478 0,463 0,617 Desteklendi
He YL->HY 0,301 0,063 4,762 0,198 0,404 Desteklendi
H7 IKK->KY 0,281 0,049 5,731 0,199 0,362 Desteklendi
Hs KY->HY 0,480 0,064 7,534 0,375 0,583 Desteklendi
R? f2 Q2 GOF VIF

YL->IKK 0,393 0,511 1,000

.YL->KY 0593 0,425 1,511

IKK->KY ’ 0,116 0,407 0,608 1,511

YL->HY 0,095 1,978

KY->HY 0,562 0,243 1,978

Parametre tahminlerinin standart degerleri, t hesap
degeri ve alfa=0,05 icin ¢ift tarafli hipotez testine
iliskin giiven araliklari tablo 4’te verilmistir. ic model
yapu iligkileri i¢in biitiin t degerlerinin 1,96 degerini
astig1 ve anlamli oldugu gorilmektedir. YL boyutunun
[KK’yi (B=0,582, t=14,541) istatistiksel acidan anlaml
ve pozitif yonde etkiledigi goriilmektedir. Bu durum
H4 hipotezini dogrulamaktadir. Benzer sekilde diger
hipotezler de desteklenmektedir.

Ayrmtili bir PLS-SEM analizi, genellikle bir ¢oklu
baglanti degerlendirmesini igerir. i¢ modelin ¢oklu
dogrusal baglanti sorunlarini degerlendirmek icin VIF
degeri kontrol edilir [17]. VIF degerlerinin kabul
edilebilir sinir deger olan besten kiiciik oldugu
gorilmektedir [18]. Bu durum bagimli ve bagimsiz
degiskenler arasinda c¢oklu dogrusal baglanti
probleminden bahsedilemeyecegini gostermektedir.

R2 degeri, modelin ag¢iklayicilik ytlizdesini ifade eder.
Yilmaz ve ark. [19] calismasinda anket sorulari
yardimiyla soyut ifadelerin o6l¢iilmeye c¢alisildigi
arastirmalarda R? degerinin genellikle bire yakin
cikmadigini ifade etmistir. Bu ifadeye dayanarak
calismada bahsedilen degerlerin %30 ve %55
arasinda olmasi olagan olarak degerlendirilebilir.
Tablo 4’teki R? degerleri incelendiginde YL'nin IKK’'nin
varyansinin %39’unu; YL ile beraber [KK’nin KY'nin
varyansinin %59’unu; YL ile beraber KY’nin ise HY 'nin
varyansinin yaklasik %56’s1n1 acikladig
goriilmektedir. Bu konu ile ilgili calisma yapilacag
zaman saglik yoneticilerinin IKK  boyutunun
aciklanamayan %61’lik varyansini agiklayan baska
faktorlerin de oldugunu ve bunlarin arastirilmasi
gerektigine dikkat etmelidirler.

Incelenmesi gereken bir diger kriter ise modelin
tahmin gecerliligi icin Q2 degerleridir. Blindfolding
analizi ile edilen Q? degeri, verilen bir gosterge
bloguna iliskin bir boyutun verilerini modele dahil
etmeden modelin tahmin giliclinii gosteren bir
kriterdir [20]. Yapisal modelinin Q? degerinin sifirdan
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biiyiik olmasi, tahmin gegerliligini sagladigini gosterir
[13]. Q2 degerleri YL (0,513), IKK (0,251), KY (0,414),
HY (0,378) olarak bulunmustur. Genel Q2 degeri ise
tablo 4’te belirtildigi tizere 0,407’dir. Hepsi sifirdan
biiyiik oldugu i¢cin modelin tahmin gegerliligi
saglanmistir. Chin [21]’e gore 0,02 zayif; 0,15 orta;
0,35 ytiksek tahmin gecerliligi var demektir. Burada
tim Q2 degerleri >0,35 oldugu icin tahmin alaka
diizeyinin yiiksek oldugu sdylenebilir.

Modelin f2 etki biytkliginin dissal bir ortiik
degiskenin igsel bir ortiik degiskenin R? degerine ne
kadar katkida bulundugunu gésterir. Chin ve ark. [22],
arastirmacinin sadece degiskenler arasindaki iliskinin
anlaml olup olmadigini degil, ayni zamanda bu
degiskenler arasindaki etki biiytkligiini de rapor
etmesi gerektigini acikca belirtmislerdir. Etki 6l¢iisii f2
tahmin edici bir gizil degiskenin yapisal diizeyde zayif
(0,02< f2 <0,14), orta (0,15< f2 <0,34) veya yiiksek (f?
>0,34) bir etkiye sahip oldugunu ifade etmektedir
[23]. YL'nin iKK (0,511) ile KY (0,425) iizerinde pozitif
ve yliksek, HY (0,095) iizerinde pozitif ve zayif etkisi
bulunmaktadir. iIKK'nin KY (0,116) iizerinde pozitif ve
orta etkisi bulunmaktadir. KY’'nin HY (0,243) tizerinde
pozitif ve yliksek bir etkisi vardir.

Tenenhaus ve ark. [24] tarafindan Onerilen model
uyum indekslerinden GoF istatistik degeri 0,608
olarak bulunmustur. R? ve AVE'lerin ortalamasinin
geometrik ortalamasi ile GoF degeri elde edilir. Bu
degerin 0,36 degerinin ilizerinde olmasi modelin iyi
uyuma sahip oldugunu gostermektedir.

4. Tartigsma ve Sonug¢

Yorulmaz ve Pirol [25] tarafindan yapilan ¢alismada
saglikta kalite algis1 dlgegi alt boyutlarinin birbiriyle
olan korelasyonlar1 incelenmis ve boyutlar
istatistiksel acidan yiiksek ve pozitif yonde iliskili
bulunmustur. Bu arastirmada da alt boyutlarin
korelasyonlari benzer sonuglar1 vermistir. Alfa=0,01
anlamhlik seviyesinde c¢alismada kullanilan alt
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boyutlar  birbirleriyle  pozitif yonde iliskili

bulunmustur.

Sekil 1'de oOnerilen yapisal esitlik modeli Rstudio
programi araciligiyla analiz edilmistir. Yapilan analiz
sonucunda oOnerilen model cesitli uyum olgiitleri
dikkate alinarak degerlendirilmis ve modelin uygun
oldugu gorillmiistiir. YL ile IKK arasindaki iligki
katsayis1 $=0,582, YL ile KY arasindaki iliski katsayisi
3=0,541, YL ile HY arasindaki iliski katsayis1 3==0,301,
IKK ile KY arasindaki iliski katsayis1 $=0,281, KY ile HY
arasindaki  iliski  katsayis1  ($=0,480  olarak
bulunmustur. Buradan YL alt boyutunda yapilacak
olan iyilestirmenin iKK’yi, KY'yi ve HY’yi pozitif yénde
etkileyecegi cikarimi yapilabilecegi gibi ayni zamanda
bu alt boyutlar lizerinde yiliksek bir etkiye sahip
oldugu da sdylenebilir. Benzer sekilde KY alt
boyutunda yapilabilecek iyilestirmelerin HY alt
boyutunda pozitif yonde iyilesmeleri artiracagi ayrica
HY tizerinde tek basina yliksek bir etkiye sahip oldugu
goriilmektedir. Buna ek olarak arastirmada KY alt
boyutunun YL ve HY alt boyutlar1 arasinda; IKK alt
boyutunun YL ile KY alt boyutlar1 arasinda yapilan
aracilik analizleri sonucunda kismi araci degisken rolii
olduklar1 belirlenmistir.

Yapilan bu arastirma neticesinde saglik sektdriinde
saglik c¢alisanlarn tarafindan algilanan Kkalitenin
artirilmasinda YL boyutunun ne kadar 6nemli oldugu
gorilmiistiir. Bu nedenle saglik camiasinda ¢alisan
saglik yoneticilerine ¢ok biiyiik gérevler diismektedir.
Kalite algisini artirabilmek i¢in kalite ¢alismalari i¢in
gerekli olan insan giicii ve parasal kaynak ayirilmasi
kadar saglik yoneticilerin bu alanda misyon ve vizyon
sahibi olmalar1 ve yerinde, zamaninda gerekli
inovasyonlari yapabilmesi ¢ok dnemlidir. Tiirkiye’'de
bu alanda yeterli akademik ¢alisma yapilmamistir.
Yapilan bu g¢alisma ile hem literatiire katkida
bulunmak hem de arastirmacilarin dikkatini bu alana
cekerek daha fazla g¢alisma yiriitiilmesini saglamak
hedeflenmistir.

Arastirmadan elde edilen bulgulardan yola ¢ikilarak
saglik calisanlarinda kalite algisimi artirabilmek icin
oncelikle YL ile KY alt boyutunda gerekli
iyilestirmelerin yapilmasi gerekmektedir. Burada
yapilacak iyilestirmeler HY’yi hem dogrudan hem de
dolayli olarak etkileyecektir. Arastirmada kullanilan
veri setine uygulanan dogrulayici faktoér analizi
sonucu saglik calisanlarinda kalite algis1 6l¢eginin
sadece dort alt boyutu ¢alismaya dahil edilebilmistir.
Daha farkli gruplarin dahil edildigi veya daha biyik
alinan 6rneklem boyutlarinda farkli sonuglar ¢ikmasi
ile beraber modele yeni boyutlarin eklenmesi
muhtemeldir.

Etik Beyani

Bu ¢alismada, “Yiiksekégretim Kurumlart Bilimsel
Arastirma ve Yayin Etigi Yoénergesi” kapsaminda
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uyulmast gerekli tiim kurallara uyuldugunu, bahsi
gecen yénergenin “Bilimsel Arastirma ve Yayin Etigine
Aykirt Eylemler” baslhigi altinda belirtilen eylemlerden
higcbirinin gergeklestirilmedigini taahhiit ederiz.
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Keywords Abstract: Statistical modeling with growth data is the most efficient way to get more
Growth Models, objective results and also understand growth. Schnute growth model is a large-scale
Schnute Models, model that includes many nonlinear growth models, it offers optimum parameter
Modified Growth Models

estimates compared to other growth models, especially regardless of whether the
growth curve has an asymptotic feature. In recent years, in the literature studies,
there are approaches in the theoretical and applicational fields in which the
equations are modified to make sense of growth equations. The purpose of
modifying the equations is to convert growth parameters into meaningful
parameters such as maximum value, A; rapid specific rate of growth p,, and lag time
A In this study, it is demonstrated that by which mathematical operations the
parameters of the Schnute growth model are converted to significant parameters
and a new modified Schnute growth model is presented to the literature.

Schnute Biiyiime Modelinde Yeni Bir Modifikasyon

Anahtar Kelimeler Ozet: Biiyiime verileri ile istatistiksel modelleme, daha objektif sonuglar elde

Biiytime Modelleri, etmenin ve dahasi bilyiimeyi anlamanin en etkili yoludur. Schnute biiyiime modeli,

Schnute Modeli, ) bir¢ok dogrusal olmayan biliyiime modelini iceren biiyiik 6l¢ekli bir model olup,

Modifiye Biylime Modelleri ozellikle biiyiime egrisinin asimptotik 6zellik tasiyip tasimadigina bakilmaksizin
ozellikle buy g p S1ylp tas 8 )
diger biiylime modellerine gére optimum parametre tahminleri sunmaktadir. Son
ylllarda, literatiir c¢alismalarinda, teorik ve wuygulama alanlarinda, biylime
denklemlerini anlamlandirmak i¢in denklemlerin modifiye edildigi yaklasimlar
bulunmaktadir. Denklem modifikasyonunun amaci, biliyliime parametrelerini,
ornegin, maksimum deger, A; biiylime oran1 |, ve gecikme stiresi A gibi anlamli
parametrelere doniistirmektir. Bu c¢alismada, Schnute biiylime modeline ait
parametrelerin  hangi matematiksel islemlerle anlamli  parametrelere
donistirildigi gosterilmis ve modifiye edilmis yeni bir Schnute biiyiime modeli
literatiire sunulmustur.

1. Introduction these can be modeled mathematically with growth

functions. Such mathematical modeling is used to
Growth doesn't just have to be about living things. determine the rate of growth, the level it will reach at
Sometimes an increase or decrease (or negative a given moment, or its lifetime. Lifetime determination
increase) in the number of individuals in a population can be used not only in organism or in the population,
or an increase (or negative increase) in prices can also but also even in estimating the failure time of an
be described as growth. All examples such as the electronic device. That is, growth functions are used in
growth and reproduction of a bacterium in the many different areas from organisms to any increase
laboratory, the increase of a certain population, the in cancer cells and from inflation to the lifetime of a
differentiation of the size of any mass in the body, the household air conditioner [1], [2], [3]. Growth
change in the sales amount of a product, an increase functions examine the time-dependent changes of all
and a decrease in inflation, represent a growth. All these conditions using certain parameters, interpret
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them by expressing them with growth curves and
make predictions. Thanks to these parameters, it is
possible to understand the growth process and to
determine the factors that affect growth during this
process [4], [5]-

The ability to comment on these areas of use and the
quantitative status of the organism or perhaps the
population studied (at certain times) has led to
numerous studies on growth models. [6], [7]. While
defining growth for any organism, some quantitative
changes in the organism per unit time are considered

[8].

For example, data such as length and weight used to
determine the age of fish and growth models are
obtained. Thanks to these models, decisions can be
made about what kind of feed the fish should be fed or
when to fish [8]. In the same way, thanks to modeling
growth in trees, it is possible to compare the growth
characteristics of trees with different factors [9].
Thanks to the growth curves created with growth
models, biological development can be understood,
and this information can be used in the treatment of
diseases [10], [11]. Wide usage areas of growth
models include computer science. For example,
growth models are used in computer science to model
the change in the number of software errors [12].

Also, theses that comprehensively address the growth
models used in economics [13] or studies in which
asymptotic properties are examined by focusing on
the problem of determining models in econometric
models are available in the literature [14]. For
example, Ridley and Llaugel [15] examined the limits
of growth rate and growth by considering the CDR
economic growth model. In his book, Kaldor [16]
emphasized that the purpose of economic growth
theory is to show the nature of growth and mentioned
the importance of determining the trend of growth.
For this reason, supporting the extensive literature on
growth models in economics mainly theoretically and
proposing new models to practitioners will allow for
both stronger and more detailed applications.

Since the growth models may vary there are many
growth models in the literature. Some of these models
are linear and some are nonlinear growth models.
Linear, Quadratic, Cubic, Negative Exponential, Brody,
Gompertz, Logistics, Bertalanffy, Richard, Schnute are
the most known growth models. Although the growth
rate of a living thing can be constant in certain periods
of its lifetime, this feature does not continue
throughout its life [17], [1], [5]- That is, the growth
model should be able to show growth at different
times and situations [18]. Therefore, linear models
may be insufficient in modeling the growth of
organisms over the lifetime and nonlinear models are
preferred instead of these models [17], [19]. In case of
growing at decreasing rates, models such as Negative
Exponentials and Brody with late-term asymptotes
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are used. Models such as Logistics, Gompertz,
Bertalanffy and Richard are preferred when there is
varying growth rates [20].

Working with nonlinear functions is more difficult in
terms of modelling or prediction, and the results are
approximated using iteration instead of analytical
methods. Complex estimation methods such as Draper
and Smith [21] or Marquardt [22] methods may be
required [23], [24]. The results obtained with such
non-analytical methods can be  obtained
approximately.

Therefore, by trying to determine the structure of the
growth curve with partial derivatives, more effective
and more precise parameter estimates may be done.
For example, Bilgin and Esenbuga [20] used partial
derivatives of nonlinear growth models such as
"Negative Exponential, Brody, Gompertz, Logistics,
Bertalanffy and Richard" in the estimation of model
parameters.

The origin of all these growth functions is based on
Actuarial science. Survival functions are defined by
examining the distribution of the random variable
T(X) which indicates the lifetime of an individual until
the age of X or death at the age of X. The starting point
of survival functions is based on basic probability
information. The probability of an individual to live
more than age x can be described as survival function
and can be given as

s(x) =1-Fx(x),=PX>x), x=0,

where Fx(x) =P(X<x), x=>0is the distribution
function of an individual to live at age X = x [25]. With
a similar perspective, P(T(x) > t) is the probability of
a person of age x to be alive at age (x + t).

In general terms, the death of the newborn between
the ages of x and z can be expressed with the
conditional probability as follows,

p(x<xsZ/x>x)=%F(fo(")
—Irx

If x + &, € > 0 is taken instead of z then the statement

winbep(x<x3x+s/x>x)=%‘($<®
—rx

Since Fyx(x) = fx(x) exists for continuous random

variable X, P(x <X <x+¢g/X > x) = 1fxlgx)(;
—rX

obtained which defines the survival probability of a
person at the age x for a short period of €. In this
equation, if the coefficient of & is expressed as

fx (x) =s'(x)
e - M=
[25]. The force of mortality can be seen in different
forms for different organisms and by using this
function, different growth functions can be defined
[11], [26], [27], [28], [29], [30].

can be

and called as force of mortality
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In this study, in Section 2, Schnute growth model
which is a nonlinear growth model is discussed. In
section 3, after reviewing the modified Schnute
equation defined by Schnute [30], a new Modified
Schnute Model is given.

2. Material and Method

Schnute Model [30] can represent the models such as
"Chapman-Richards, Gompertz, Richards, Von
Bertalanfy" which are frequently used in the
literature, with special selection of parameters. This

. . . . d
model is obtained with the calculation of d_}t, growth

rate according to the size of aliving at the age of t being
Y(t). The relative value of this growth rate with
respect to size can be given as

_ldy_d
2=Ya =~ o8 (1)
and is called as relative growth rate. Since the
derivative measures the change of Y(t) with respect to

t, so Z defines the rate of growth clearly.

dz, . .
Let us assume that %d—: is linear with respect to Z, then
it can be expressed as

1dz

T —(a+bZ) )

Here a and b are constants and can be positive,
negative or null. The relative growth rate indicates the
logarithmic growth rate, since the growth curve has an
increasing and then decreasing structure. Examining
the differential equations giving the relative value of

growth rate with time Schnute growth model is
obtained in the following form [30],

1 — e-alt-)

_Ylb)l —

1
b
Y(©) = [Ylb + (Yzb e—a(rz—u)]

where b # 0, a # 0. For different a and b cases
Schnute Growth Model is obtained as,

_aa(ttg)
Y(t) = Y,exp {log (1—2) re

1

}Whenb=0, a#0

1-e-a(t2-11)

1
_J|v b b_y by (1) b _
Y(t) = [Y1 + (Y, -y, )—(12_11)] whenb #0,a=0

t-11

Y() = [Y1 exp {(logi—i) }] whenb =0, a=0.

12°T1

These equations depend on growth parameters a and
b and the size of the organisms Y; = Y(t;), Y, = Y(z;)
at the age of 1, 1, respectively. Where t, and t, being
the first and second ages which the researcher
determined. The special cases of the Schnute growth
model given below express the growth equations that
are frequently used in the literature [30].
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For example;
Gompertz Growth Equation is obtained for
a>0andb =0,

Richards Growth Equation is obtained for
a>0andb <0,

Von Bertalanffy Equation is obtained for
a>0andb > 0.

As can be seen from the equations of the growth
models, there are regression parameters in the
models. Instead of these regression parameters, it may
be necessary to use parameters that are more
meaningful to obtain the parameter estimates of the
model. For this reason, by examining the relation
between regression parameters and meaningful
parameters theoretically, the modified equations can
be obtained. In this study, a New Modified Schnute
Equation is proposed (PMS-The Proposed Modified
Schnute Model).

3. Results: A New Modified Growth Equation for
the Schnute Growth Model

It was mentioned that Schnute Model depends on
growth parameters such as, a, b, Y; = Y(t;) and Y, =
Y(t;). These growth parameters should be
transformed to meaningful parameters such as p,, A
and A, to derive the modified form of Schnute Model.
Because the applicability of a growth equation gains
convenience by writing it in terms of meaningful
parameters. Here, p,, is maximum specific growth
rate; A is maximum growth value, and A is lag time.

For the derivation of modified form theoretically, the
second derivative of the Schnute equation should be
examined in order to determine the inflection point.

2
That is, % =0 should be analyzed. Using the
following growth rate,
(t-t1) b
_ b b 1-e~a(t=11) b
YO = [Y1 +(2" - )m] 3)

with b # 0,a # 0 and taking the first derivative of
this growth rate, the following equation is reached,

1
Y'(t) = 1 y.b (Yzb - Y1b)1‘ ealt-m) b
® = blt + 1 - e—altz—11)

{ %" - Ylb)e—a“—fﬂ}
.q4a

1 - e—a(tz—71)

By simplifying above equation, the following form can
be reached,

b b
[Y(t)]l—b a(YZ Y ) e—a(t - T1)'

1-e-alt2—11)

Y =2
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Taking the second derivative of a growth function and
finding the zero values of this form lead us to reach
inflection points of the curve. So, let’s find the second
derivative as follows,

Y'(t) = 1(1 1)
) = b \b .
b, (B0 VD)1 - emtte
R4 1- e-altz-11)

{ (V.0 - v,P)eac- 11)}

1-e —a(ty-11)

1 Y,P
+—{Y1b + (.

b
2y (V2P -y, Pyemalt-m0)
{( a) 1-e-a(t2 - T1)

Schnute [30], to analyze

I
_ Ylb)l _ e_a(t_Tl) b
1- ealtz—71) }

} can be found. Similar as

= Y= YZ{(1-Db)Z—a}for
every " when b # 0,a # 0, the value Z = Ecan
be found (since Y and Z can’t be null) by using
Equation 1 and 2.

Now, if k which is a function of Y and Z is defined as
= yb dk _ pyb (LY dz\ .
k= YP(a+bz), then T=bY* (32X (a+b2) +)is

obtained.

As similar approach to Schnute [30], when & =

dt
—Z(a+bZ) and E = YZ statements are used in
equation; itis observed that the first derivative is zero.
That is, K is a constant function.

Therefore, Y = Y; and Z = Z; can be written. That is;
a(YzbeaTZ—Ylbea”)
k= S
edT2 — eatl1
7 - a(Y.-v,?)
17 by, P[1-emala—)]
in the equation of k = Y®(a + bZ) (Appendix A1-A9).

is obtained by using

)
=((a+ka)) ® can be found from the equation

k = YP(a + bZ).Itis observed here that Y is a function

of Z, in this case, thereis a Y" for every Z*. So,
1

Y*(t) = ( bZ*) can be written. Using Z* = ﬁand
K a(Y, e 2y, e 1)
- £aT2 _ pat] ’

(Yzbearz _ Ylbearl) %

eaty

Y*(t) = Y(z¥) [(1 -b)

eatz —

1
Y*(0) = [(1 — b)M]b (4)
Y. b a2 _y. bgatg
is obtained, where M = (Zea—le)
e T2 — earl

IfY*(t) = Y( ") is expressed in Equation 3, then

92

V=Y = {(1 1) w}

eatz — eal1

1— —a(t—rl) .
AR AR b= S ©)
is obtained. Thus, from the Equation 4 and 5;
e-alt—t1) — pe-arz (Yzbearz_Ylbeau) (6)

()

is obtained. The inflection point, t = t* is obtained
by taking t from the Equation 6:

(Y, (eafz :;biml)]

Using the Equation 4 and 6; maximum specific growth
rate (the slope of the inflection point) can be found as
follows:

V(@) = i = 155 (1= b)b

1
T =141, — Elog[b

1
Yzbea‘rz _Ylbeatl b
ea‘[z — eatl

1

I
Hm = a(l—b)b~ "Mb

Finally, the tangent equation with slope p,,, at (A,0) is
used to find the lag time parameter A.

fY =0Y, =Yr)m=p, =Y ("),x = AX;, =1

are taken in tangent equation Y-Y; = m(X- X;),
then

-Y() = Y(@EHA- 1) (8)
is obtained. By using the Equation 4 and 7;

1 1, 1

—[(1 —=b)M]p = a(1 —b)b "Mb(A-1") (9)
and

A= -2 (10)

can be reached.
(Yzbearz —Ylbe

atq
Taking = T1 + Ty — ilog [b (Yleb))] in
Equation 10,

(Yzbeatz —Ylbe

at; + at, —log[b(b—b)atl)] —ar=(1-b)

Y2 -Y

(Yzbea‘rz _Ylbea‘rl)

eaT1aT2 eaA =b . -
(¥2"-v:")

(11

and
(Yzb _ Ylb) — bM(earz _ earl)e—arl—ar2+a?\+(1—b) (12)

are obtained.
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Discussing the Schnute formula given in Equation 3
theoretically,

1-— e—a(t—rl)

1
b
— b b
Y(® = [Y1 + (Y2 -1 ) 1— e—a(rz—u)]

1
(eat_earl)earz b

eat(earz —eaT1)

1
[e372 paT1 (Ylb _ Yzb) b
Y(O) = it (ew — i) +M
1
B
Y,P-v,P 1y \P
v = |2 ) (Y (13)
edl(e~an2—¢ atl) a(l—b)E_l

o'l =

can be found. Using M = [LTE] in Equation 13,

a(1-b)p~*
the following result is found,

o=

1
() (v )
eat(e—atz_e—arl) a(l—b)%_l

Similarly, using Y'(t*) = p,, and M in Equation 12,

Y(t) =

ol

bM(e?*2 Y'(x")

1
_ ear1)e—ar1—arz+ax+(1—b) b
+
eat(e—arz — e—arl) a(l _ b)%_l

1

Y(t) =

[N

b
YI(T*) _ bMeaA+(1—b)

b
- <a(1 _ b)%‘1>

1 1 b

_ ( Y’(T*)l >b p ( Y'(T*)l )b gar+(1-b)-at
a(1—b)s? a(l—-b)™

eat

. b
umB(l-beaM'l‘b‘at)

1
ab(1-b)(1-b)

Y(t)proposed = [

can be reached which can be called as Proposed
Modified Schnute (PMS) Growth Equation for a # 0
andb # 0.

4. Conclusion

When dealing with datasets with a sigmoidal growth
curve, working with mathematically significant
parameters may not work as well as meaningful
parameters in modeling the data set. Therefore, it
would be more accurate to make statistical
predictions with growth models containing significant
parameters.
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In this study, meaningful parameters are obtained
with some theoretical calculations in order to define
the modified Schnute growth model. Thus, a new form
for the modified Schnute function has been proposed
to the literature. The remarkable point here is due to
the elimination of the asymptotic approach restriction
in the classical Schnute growth model. Since this
restriction is removed, A, which is the common
parameter of modified growth equations, is not
included in the newly proposed modified Schnute
(PMS) growth model.

It is possible to perform comparative analysis of
meaningful parameters (A, p, and A) with modified
equations. This study has been prepared theoretically
and does not include analyses made by statistical
methods. In future studies, it is aimed to compare the
parameter estimates of the PMS growth model and
other modified growth models. Thus, it will be
possible topredict the determination of the growth
model that best describes the data set.
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Appendices

Appendix A

Let’s assume that Z_ =gt
—Z(a+bZ)

b
-1 __ A(a+bZ)+BZ _ Ta 3 _ ) )
ZGibZ)  Zatbz)  z | @+bz) dt is obtained.

The operations are continued through relative growth rate

Z(t).

dz bdz
Z (a+bZ)

=adt

The statement is regularized, its integral is taken, and the
Equation 3 is found.

—logZ + log(a + bZ) = at

log (#) =at+c (A1)

a+ bz,
c=<log 7 )—ar1
1

Using C in (A1) and solving for initial condition of

Z(v) =14,

a+ bZ a+ bz,
log( 7 )—log( Z >=at—ar1

Jo{(77) (g} = -

may observed. Then,

(a + bZ) (L) _ alt-tp)
Z a+ bz,

aZ,e~at-11)
T a+bzy[1-eat=11)]

(A2)

(A3)

When the Equation 2 is used instead of Z in (A3),

aZ e~alt-11)

atbZy[1me D] (A4)

d
- (og¥) =

baZz,e~at-11)
b{a+bZ,[1-e—at-11)]}

% (logY) = can be obtained.

Taking the integration of the following equation and using
the initial condition of Y(1;) = Y;

d 1d
qi(log¥) =3 [log{a + bZ, (1 — e2t-™)}]

d —a(t-t
o [logY - % [log{a + bZ, (1 — e73C 1))}]] =0
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logY — % [log{a + bz, (1 — e &)} = ¢, (A5)
1
¢, = logY; — b [log(a)]

can be found. Then the following is obtained:

logY — % [log{a + bz,[1 — e72&]}] = logY, — %log(a)

| IR bZ,[1 — e73(t7)]
( ) 5
bz, [1-e~2(t-D]|b
YO =Y, [%} (A6)
1
Since Y(t,) = Y, and Lirré(l + Bb)b = ef then
a+bz,[1 - e
Y, = Y, 1
a
Y,P-v,P
7, = ) (A7)

T by P[1-ema(rz—m)]

for b # 0, a # 0. Using (A7) in Y, and writing this new
form in (A6).

Schnute Growth model is expressed as following for b # 0,
a0

1
1—e—a(t-11) To
1-e—a(tz—11)

Y(t) = [Ylb + (Y. - v,") (A9)
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Keywords Abstract: In this investigation, the sol-gel spin coating technique was utilized to
Zno, fabricate ZnO and ZnO films doped with Iridium (Ir) onto p-Si substrates. The
Ir doping, objective was to analyze their optical and morphological characteristics and assess

sol gel spin coating,
AFM,
photodiodes

their potential for heterojunction applications. Morphological inspection and optical
evaluation were carried out by Atomic Force Microscopy (AFM) and Ultraviolet-
visible (UV-VIS) studies, respectively. With the incorporation of Ir, the optical band
gap of ZnO films reduced from 3.21 eV to 3.08 eV. Analysis of AFM images revealed
that Ir substitution led to a reduction in the roughness of the surface of the
fabricated films. The optoelectrical features of the heterojunction structures were
examined under varying illumination levels and in dark conditions. Upon evaluating
the optoelectrical characteristics of the produced diodes, it was observed that the
ideality factor (n) and the barrier height (®s) declined, while series resistance (R;)
increased with the introduction of Ir. These findings emphasize that the inclusion of
Ir into the ZnO structure has a discernible impact on optical parameters.

Heteroeklem Uygulamalari icin iridyum Katkili ZnO ince Filmlerin Karakterizasyonu
ve Optoelektronik Etkileri

Anahtar Kelimeler Ozet: Bu calismada, iridyum (Ir) katkili ZnO ve ZnO filmleri, sol-jel spin kaplama
Zn0, teknigi kullanilarak p-Si alttaslar lizerine kaplanmistir. Amag, optik ve morfolojik
Ir katkilama, ozelliklerini analiz etmek ve heteroeklem uygulamalar1 igin potansiyellerini

sol-jel dondiirmeli kaplama,
AFM,
fotodiyotlar

degerlendirmekti. Morfolojik inceleme ve optik degerlendirme sirasiyla Atomik
Kuvvet Mikroskobu (AFM) ve Ultraviyole-goriinir (UV-VIS) c¢alismalar ile
gerceklestirilmistir. Ir'nin katkilanmasiyla, ZnO filmlerin optik bant aralig1 3,21
eV'den 3,08 eV'ye diistiriildii. AFM goriintilerinin analizi, Ir ikamesinin {iretilen
filmlerin ylzey purizliliginde bir azalmaya yol ag¢tifini ortaya cikardu
Heteroeklem yapilarinin optoelektriksel 6zellikleri, degisen aydinlatma siddetleri
altinda ve karanlik kosullarda incelenmistir. Uretilen diyotlarin optoelektrik
ozellikleri degerlendirildiginde idealite faktdri (n) ve bariyer yiiksekliginin ($B)
distiigl, Ir'nin devreye girmesiyle seri direncin (Rs) arttigi gozlenmistir. Bu
bulgular, Ir'nin ZnO yapisina dahil edilmesinin optik parametreler lizerinde fark
edilebilir bir etkiye sahip oldugunu vurgulamaktadir.

1. Introduction operate at shorter wavelengths. Among these

materials, GaN takes the first place in the field of
For years, there has been extensive attention in the commercial use. The most important reason for this is
utilization of third-generation wide-bandgap (WBG) that it has an ultra-WBG (~ 6.2 eV). While undoped
semiconductors like GaN, SiC, and ZnO due to their GaN has a band gap of about 3.4 eV, AlGaN obtained
efficient applicability in optoelectronic devices that when doped with Al can have a band gap of 6.2 eV. The
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difficulties encountered due to the difficulty of
obtaining p-type conductivity with high Al doping
have enabled the use of ZnO semiconductor material,
which has many similarities, instead of GaN in new-
generation device applications. In addition to the
mentioned similarities, ZnO also has many advantages
over GaN. [1]. For example, ZnO demonstrates
characteristics such as reduced growth temperature
requirements, decreased expenses, a heightened
resistance to radiation, and a more substantial exciton
binding energy. In addition to these advantages, ZnO
has features such as a large gap (3.37 eV), high
excitement energy (60 meV), exhibiting piezoelectric
material behavior, being biocompatible, and
synthesizing as nanomaterial by many methods. These
properties are the kind of properties that will cause
ZnO to be included in many studies in the future [2].
Variation of band gap of these materials is a critical
parameter that determines the commerecial viability of
[1]. This attribute holds significance across various
application domains, particularly in cases where
photon absorption or emission is involved, such as in
solar cells, photodetectors, solid-state light emitters,
and laser systems. The adjustability of the band gap is
crucial for enabling optoelectronic devices to function
effectively across various wavelengths, allowing for
their development and precise control. Band gap
tuneability is also a defining feature in the design of
heterojunction structures. Considering the
importance of optical band gaps for device design,
materials with easily controllable band gaps take a
step forward in scientific studies. ZnO is just such a
material. Responding to the doping process with a
band gap change, ZnO has been highly preferred by
researchers. When the literature is searched, it is seen
that B, Ni, Sb, Zr, Ir, Co, Cu, Mn, Sn, Al, Cd, Fe, and Mg
are used as dopants [3-17]. When the studies are
examined, it has been reported that some of these
dopants increase (B, Ni, Sb, Zr) the band gap value,
while some decrease it (Ir, Co, Cu, Mn, Sn, Al, Cd,),
while others both increase and decrease it (Fe, Mg)
according to the amount of dopant. Typically, in
theory, a band gap represents the distinction between
the valence band, which holds electrons, and the
conduction band, as commonly comprehended.
Fundamentally, the band gap represents the least
amount of energy needed for an electron to engage in
conduction. For this reason, it is a very effective
parameter on conductivity [18] A few studies using Ir,
one of the dopants mentioned above, are found in the
literature. The first of these studies was made by M.
Zubkins et al. [7]. The researchers utilized the DC
reactive magnetron co-sputtering technique to
fabricate thin films of both undoped and ZnO:Ir under
room temperature conditions. They then examined
how the structural, optical, and electrical
characteristics of these thin films varied based on the
dopant used. They documented that the optical band
gap remained constant across different iridium
concentrations. They indicated that the shift in
conduction type occurred from being n-type to p-type
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when the iridium concentration reached values
between 12.4% and 16.4%. Another study was carried
out by N. Babajani and S. Jamshidi [8]. The authors
synthesized undoped and ZnO:Ir nanoparticles by
sonochemical method and explored the optical,
morphological, and photocatalytic properties of
nanoparticles depending on the amount of Ir dopant.
While they found the band gap of the undoped ZnO
nanoparticle to be 3.25 eV, they stated that the band
gap value decreased to 2.72 eV with the increasing
amount of doped (15%lIr-Zn0O). Finally, M.
Dhanalakshmi et al. [9] synthesized undoped and
ZnO:Ir nanocomposites by a one-pot hydrothermal

method. They examined how the dopant
concentration influenced the structural,
morphological, optical, and photocatalytic

characteristics of the nanocomposites. They presented
that the band gap, which was 3.19 eV, decreased to
2.94 eV with the increasing Ir dopant. When the
relevant literature is reviewed, there is an urgent need
for studies that can inspire research in this area with a
perspective on the future use of ZnO:Ir nanofilm on
issues that have not yet been studied and need to be
clarified. The present research presents a study based
on bandgap engineering and the development of
heterojunctions, inspired by several previous studies
onIrdoping [7-9,19,20]. This study tries to present the
applicability of Ir-doped ZnO nanofilms in
heterojunction devices, which has not been
encountered in the literature so far. Valence state and
Pauling electronegativity are two important
parameters that change optical properties, for
instance, optical band gap and conductivity of Ir
[19,20]. Since Zn and Ir displacements with Pauling
electronegativity of 1.65 and 2.20, respectively, are
estimated in the current study, anticipated outcomes
involve alterations in the optical and electrical
attributes of ZnO due to the introduction of iridium. In
this ongoing research, thin films of iridium-doped ZnO
(6%) were produced on p-Si substrates using the sol-
gel spin coating technique. The optical band gap of the
films was determined using the specular reflection
spectrum. Atomic force microscopy studies were
carried out to analyze the surface morphology of the
films. Heterojunctions of n-ZnO:lr/p-Si were
manufactured, and the electrical behaviors of the
acquired diodes were studied, contingent on the
degree of Ir doping.

2. Materials and Methods

2.1. Deposition of films and fabrication of
Ir:Zn0/p-Si photodiodes

Thin films of ZnO, both without doping and with
iridium (Ir) doping, were deposited onto p-Si
substrates using the sol-gel spin coating method. The
initial substance employed was zinc acetate dihydrate
(Zn(CH3C00)2.H20), commonly referred to as ZnAc,
and as the dopant source, anhydrous Iridium (III)
chloride (IrCls) was utilized. To create the ZnAc
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solution, 2-methoxyethanol (C3Hs02) was used as the
solvent, with monoethanolamine (C2H7NO, MEA)
serving as a stabilizing agent. The ratio of MEA to ZnAc
was maintained at 1:1, and the solution concentration
was set at 0.5 M. The Ir/Zn mole ratios were 0% and
6%. Acetic acid was introduced into the solution,
which was then dripped onto a p-Si substrate spinning
at 3000 rpm for 30 seconds via a spin coater. The films
that were applied underwent a drying procedure
within a furnace at 300°C for a duration of 10 minutes.
This process of coating and drying was repeated two
times. Following this, the films were subjected to
annealing in an air environment at 500°C for a
duration of 1 hour, carried out using a tube furnace.
After completing the process of depositing the film,
aluminum (Al) electrodes with excellent electrical
conduction properties and a thickness of 150 nm were
applied to the film using thermal evaporation. This
was accomplished by using a shadow mask for precise
placement. For the back contact, a silver paste was
utilized. The resulting diodes were denoted as ZIROO
for the n-ZnO/p-Si heterojunction and ZIRO6 for the n-
ZnO:Ir 6%/p-Si heterojunction diodes. The schematic
representation of the diode structure can be found in
Figure 1.

illumination

Al contact

0.1 cm

Ir:Zn0O or ZnO layer
| p-Si substrate

Ag silver paste —

illustration

Figure 1. Schematic

photodiodes

of heterojunction

2.2. Characterization of films

To conduct photo-electrical evaluations on the films,
the process of aluminum evaporation was executed
utilizing a vacuum thermal evaporation system named
Vaksis PVD (Handy-MT/101T). Modifications in the
surface structure of the films were investigated
through the utilization of Atomic Force Microscopy
(AFM) in both its two-dimensional and three-
dimensional modes. Optical properties have been
analyzed using a spectrophotometer (Shimadzu 2450
UV). KEITHLEY 4200 SCS/CVU has been utilized to
analyze the current-voltage (I-V) behavior of the
photodiodes. Measurements were conducted under
different levels of illumination using a solar simulator
(Asahi-HAL320) equipped with a 1.5AM filter.
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3. Results

Figure 2 illustrates the spectra of diffuse reflectance
percentages for the examined films. Notably, the
reflectance of Ir-doped ZnO thin film displays an
elevation. This augmentation in diffuse reflectance
percentage in ZnO due to Ir doping can be attributed
to i) Defects and Trapping Centers: The introduction
of Ir into the ZnO structure could potentially introduce
defects or centers for trapping. These entities might
emerge within the ZnO crystal lattice. As a result, they
can function as sites that scatter incident light, leading
to an amplified scattering effect and subsequently
causing an increase in diffuse reflectance. ii) Surface
Morphology: Ir doping holds the capacity to impact the
surface attributes of the ZnO film. This influence on
surface characteristics can manifest in smoother
surfaces, which are discussed below. Such smoother
surfaces are adept at enhancing the scattering of light,
which ultimately contributes to a higher level of
diffuse reflectance.

i A
5 &
DR
6%Ir: ZnO éb}ﬁi%
161 v v g
25 3.0 35 4.0
hv (eV)

Figure 2. Spectral measurements of diffuse reflectance for
both the undoped and iridium-doped ZnO thin films.

The determination of band gap values, denoted as E_,
is accomplished through the utilization of the Kubelka-
Munk function. This approach involves the use of
diffuse reflectance (R) spectrum data. The Kubelka-
Munk function is employed with the following
equation to calculate the Egvalue [21]:
2

<7F(Rt)h") = B(hn — E,) 1
In this formula, F(R) represents the Kubelka-Munk
function, while t signifies thickness. The
determination of E; values involved identifying the
point on the linear segment of the graph in Figure 3
where it intersects the energy axis. The calculated E,

values extracted from the Kubelka-Munk relation are
3.21 eV for ZIROO and 3.08 eV for ZIRO6. This analysis
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indicates a reduction in the Ej; value upon introducing
the Ir dopant.

1.4x10" - B%lr : ZnO

4x10"

1.2x10% 4

1.0x10%
10"

{FIR)hw/d)*

w
a

1%10" 1

hv {eV)

hv (eV}

Figure 3. The optical energy gaps of thin films made from
Zn0 and ZnO with iridium substitution.

Figure 4 presents both 2D and 3D AFM visuals
illustrating the topographical alterations and surface
roughness variations in ZIROO and ZIRO6 thin films.
These images demonstrate the impact of Ir doping on
surface characteristics. The surface roughness
measurements for the thin films reveal values of 65.12
nm for undoped ZnO and 7.41 nm for ZnO doped with
6% Ir. It has been demonstrated that surface
roughness holds an inverse relationship with the
films' surface energy [22,23]. Hence, the decrease in
surface roughness observed in the Ir-doped film could
be associated with a raise in surface energy,
promoting the development of smoother surfaces
within the studied films.

For a comprehensive exploration of the band diagrams
of the deposited films, it is possible to compute the
potentials at the conduction edge (E;z) and valence
edge (Eyg) using the equations provided below.

1
Evp = x—Ee +§Eg (2)
Ecp = Eyp — Eg (3)
Ey =—( —Ecp) (4)

In this context, the symbols E,, x, E, and E,, represent
the optically derived band gap value, the absolute
electronegativity value of ZnO (approximately 4.35
eV), the energy of a free electron at the hydrogen level
(around 4.5 eV), and the vacuum level, respectively.
The band position diagram computed for the films is
depicted in Figure 5.
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(@)

64 nm

0 nm

Figure 4. The provided images depict Atomic Force
Microscopy (AFM) scans in both two-dimensional (2D) and
three-dimensional (3D) views of ZnO thin films on an n-Si
substrate. These films include both undoped and Ir-doped
samples.
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Figure 5. The positions of the conduction and valence band
edges in the thin films of ZnO and ZnO doped with Ir

Figure 6 displays the experimental semi-logarithmic
current-voltage (I-V) behaviors of the manufactured
photodiodes. These measurements have been
performed at room temperature under different light
intensities and in the absence of light. The aim was to
deduce the electrical characteristics of the diodes. The
non-linear patterns observed can be elucidated
through the application of the thermionic emission
model, which is expressed by the following equation
[24].

qV
aff)]
o|(exp 7 (5)

Here, Iy,q,n,k,T, and V represent the saturation
current, elementary charge, ideality factor of the
diode, Boltzmann constant (in Kelvin), and applied
voltage, correspondingly.

qcbb)

kT

In this equation, A represents the contact area of the
diode (approximately 7.85 x 10-3 cm?), A* stands for
the Richardson constant specific to ZnO (A* = 32
A/cm?K?), and @, signifies the Schottky barrier
height, which can be calculated using Equation (6).
The values of nand @, acquired from the I-V plot have
been compiled in Table 1.

Iy = AA*T?%exp (— (6)

The expected n values for an ideal contact should
ideally be unity. However, n values exceeding 1
indicate deviations from the expected ideal contact,
offering insights into how the incorporation of Ir into

1E34
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Figure 6. Current-voltage behaviors of the photodiodes in
both absence of light (dark) and the presence of
illumination.

ZnO affects diode performance. This effect is not solely
ascribed to the degradation of surface conditions due
to the inclusion of Ir, but also stems from diminished
crystal quality, a factor that notably affects the
excellence of the metal-semiconductor junction.
Hence, the presence of consistent barrier height and
the existence of interface states might help elucidate
the occurrence of n surpassing unity, even without
significant changes in barrier height. Table 1
emphasizes that the barrier height ($,,), as derived via
using the [-V characteristics, decrease as Ir is
introduced into the photodiodes.

To ascertain the diode's series resistance and barrier
height, the Norde method was employed, as defined by
the subsequent equation [25],

Vo KT
FV)=-"2-—
vy q

1)

(a72)

Here, y is a number (unitless) larger than n. I(V)
represents the current derived from the I-V
characteristic. Figure 7 illustrates the graph depicting
F(V) against voltage for the diode.

(7

Table 1. The computed electrical and optoelectrical parameters of the fabricated photodiodes.

n @5 (eV) R, (kQ)
(I-v) (dv/dlnlI) (I-v) (Norde) (H-D) (Norde) (dV/dInI) (H-D)
Zno 5.90 6.77 0.52 0.82 0.68 2.86 7.89 2795
6% Ir: ZnO 4.48 6.18 0.47 0.81 0.45 4.29 7.90 27.86

100
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Within the Norde method, the definition of the barrier
height is as follows,

Vo, kT

¢B=F(V0)+7_7 (8)

where F(V;) corresponds to the lowest value of F(V).
The determination of the series resistance (Rg) is
based on the subsequent equation:

_kT(y —n)

R
) ql

)

In this equation y is the integer (unitless) bigger than
n, q denotes an electron charge and I; shows the
current acquired from the minimum point of F(V).
The @ values of the photodiodes were determined as
0.81 eVand 0.82 eV for ZIROO and ZIRO6, respectively.
The R, values of the photodiodes were calculated as
286 kQ and 4.29 kQ for ZIROO and ZIRO6,
respectively. While @5 values calculated using this
method almost did not change with the dopant, it was
observed that the value of R, increased with the
dopant.

In diodes, the presence of R, typically results from
factors such as the resistances of top and bottom
contacts, layer resistances, non-uniform interface
states, and variations in barrier height.

This value is closely connected to the difference in
work functions between Si (4.97 eV) and ZnO (4.25
eV), resulting in a gap of 0.72 eV.

0.9
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e
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Figure 7. F(V) - V plots of photodiodes

The value of R, crucial for metal-semiconductor
contact assessment and a significant factor
contributing to the departure from ideal diode
behavior, has the potential to influence diode
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electrical performance. The approach to ascertain this
involves employing Cheung's technique, specifically in
the range of elevated current where the linear nature
of the I-V characteristic deviates. This method, capable
of deriving both n and @ values, characterizes the
forward-biased I-V response of a component that
includes series resistance, using the following
equation:

(10)

_ q(V —IRs)
I = Ioexp T

The equations provided below is utilized to find the n,
R, and &5 values,

nkT

m = IRS +— [11)
H(I) = ndy + IRs (12)
nkT I

The plots depicting the forward-bias dV/d(Inl)-I
characteristics of the heterojunction diodes are
displayed in Figure 8. The intersection point furnishes
the n value for these diodes. The computed n values
are detailed in Table 1. The differences observed
between the n values derived from the forward-biased
semi-log [-V plots and those obtained from the
dV/d(Inl)-I plots can be attributed to undesired
interface states and variations in the voltage ranges
utilized in the calculations. Nonetheless, in both
approaches, the n value decreased with the
introduction of Ir doping.

The graphs illustrating the relationship between H(I)
and [ are presented in Figure 8. The gradient of this
plot provides the R, value, while the point of
intersection yields the ®5 value. The computed values
are detailed in Table 1. The ® values obtained with
the standard TE theory, the Norde method and the
H(I) — I plot decreased with the Ir doping, but the
calculated @5 values showed numerical differences
with each other.

This distinction is commonly linked to the non-
uniformity of the barrier and the less-than-ideal
characteristics of the diodes.

The determined R, values derived from both the R,
plots and the H(I) function are notably elevated. The
calculated R; values show slight discrepancies
between the two calculation methods, possibly
attributable to variations in barrier height uniformity
[26,27]. The R, value of p-n heterojunction diodes is
influenced by factors beyond the conductivity of the
deposited thin films; it is also affected by contact
resistance and the presence of the SiO: oxide layer
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[28]. Achieving a low R, value is crucial for attaining
optimal performance in device applications.
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Figure 8. The plots depict the forward bias dV/d(Inl) -  and
H(I) - I relationships.

As evident from Table 1, a disparity exists between the
R and @ values acquired through the Cheung and
Norde methods. This divergence in outcomes can be
attributed to the distinct applicability of both methods
across various forward voltage ranges [29,30]. While
Cheung's approach is confined to the nonlinear sector
of forward bias, the Norde method extends across the
complete forward bias segment of the I-V plot. The
increased Ry (series resistance) values within the
diodes can be ascribed to the nature of the rear ohmic
contact and the layers formed from inorganic/organic
materials on the silicon substrate [28,31]. Moreover,
R, can be regarded as the Ohmic loss encompassing
the entire device. As a result, the R, values of the
diodes are impacted not only by the conductivity of
ZnO films, but also by elements like electrodes,
connections between metal and inorganic
components, and unintended probe resistance [32].

As depicted in Figure 6, it is evident that all the
manufactured photodiodes exhibit non-linear I-V
characteristics and  rectifying  behavior, as
demonstrated by rectification ratio ( RR = I/l ),
(dark, #5 V) values ranging from 102 to 103, as
illustrated in Figure 9. Additionally, the I-V traits of the
diodes are notably affected because of Ir doping. The
highest RR value, amounting to 2.42 x 103 at+5V, was
obtained from the ZIRO6 diode. The raised RR
rectification ratio) values noted in the fabricated
diodes can be explained by the augmented carrier
concentration within the thin films. This can stem
from the substitution of Ir** ions at Zn?* lattice sites or
the enhancement of the interface between the thin
films and p-Si, as elaborated upon in references
[33,34]. As observed in Figure 9, the RR values of the
photodiodes exhibit a reduction with increasing
illumination intensity, manifesting a non-linear
pattern. It is interpreted that electrons within the
valence band of the illuminated photodiodes traverse
into the conduction band due to light absorption. This
phenomenon signifies the manifestation of
photoconductive characteristics in the photodiodes.
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The subsequent equation was employed to investigate
the photoconduction process of the heterojunction
diodes [35];

I

n = AP® (14)
In this context, I,,, represents the photocurrent, while
A stands for a constant. The variables P and § signify
illumination intensity and illumination coefficient,
respectively. The 8 value is uncovered from the
gradient of the log (I,,) plotted against log (P), and it
provides insights into the photocurrent mechanism of
the device.
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Figure 9. The rectification ratio undoped and Ir doped ZnO
fabricated photodiodes under various light power
concentrations.

The graph depicting the logarithm of I,,, against the
logarithm of P is presented in Figure 10. The 6 values
obtained were 0.633 for ZnO/p-Si and 1.407 for
Ir:Zn0O/p-Si heterojunction photodiodes. When &
equals 0.5 or 1, the photoconduction process in the
diodes is associated with a bimolecular recombination
process or a monomolecular recombination process,
respectively. When the § values fall within the interval
of 05 to 1, the mechanism governing
photoconductivity is associated with the presence of a
continuous array of trapping sites within the band
structure. Nevertheless, when the calculated § value
surpasses 1, the photoconductivity mechanism
exhibits a behavior that is characterized by super
linear tendencies, as elucidated in references
[36,37,38].

The photoresponsivity (R), a pivotal parameter in
photodiode characterization, can be computed using
the subsequent equations:

_Ip_ld

T PxA (15)

In this equation, I, stands for photocurrent, I,
represents dark current, P signifies illumination
power intensity, and A corresponds to the active area
of the photodiode (7.85x103 cm?2). The obtained
photoresponsivity values of photodiodes are
illustrated in Figure 11. The photoresponsivity values
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of the ZIRO6 tend to increase with increasing
illumination intensity. The increased
photoresponsivity is attributed to a substantial
intrinsic barrier potential. This heightened intrinsic
potential improves the transportation process and the
dissociation of charges within the p-n heterojunction
configuration [39,40].
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Figure 11. The photoresponsivity of the manufactured
photodiodes under varying light power levels.

Photosensitivity serves as a crucial parameter in the
context of photosensor applications, quantified by the
ratio of photocurrent to dark current (I,,/lggrk)- As
depicted in Figure 12, the photosensitivity values of
the photodiodes demonstrate an upward trend with
rising illumination intensity. Notably, both
manufactured photodiodes exhibit higher reverse
currents when subjected to illumination compared to
measurements taken in darkness. These findings
collectively suggest that the photodiodes showcase
photoconductive behavior.

Figure 12. Graphs illustrating the relationship between
photosensitivity and illumination intensity of the diodes.

Consequently, the sol-gel spin coating approach has
been employed to fabricate heterojunction diodes
comprising both ZIRO0 and ZIRO6. This study
revealed the impact of Ir substitution on surface
structures. Specifically, the surface roughness of ZnO,
initially at 65.12 nm, demonstrated a reduction to 7.41
nm with a 6% Ir doping concentration. Furthermore,
the introduction of Ir was found to induce a decrease
in the E, of ZnO, shifting it from 3.21 eV to 3.08 eV.
Electrical data obtained under various illumination
intensities and dark conditions were utilized to
analyze the optoelectronic properties of the
photodiode. Notably, n values exceeding 1 were
observed, potentially attributed to the degradation of
surface conditions and the compromised crystal
quality resulting from Ir doping. Moreover, the barrier
height (®3), as determined from I — V characteristics,
demonstrated a decrease in value upon Ir inclusion in
the photodiodes. The calculated series resistance (Ry)
values for ZIRO0 and ZIRO6 were 2.86 k() and 4.29 kQ,
respectively. Theoretical approaches, including the
standard TE theory, the Norde method, and the
H(I) — I plot, yielded decreasing ®5 values with Ir
doping. However, numerical disparities among the
calculated @5 values were observed, often attributed
to barrier inhomogeneity and the non-ideal behavior
of the diodes. Furthermore, Ir-doped ZnO photodiodes
exhibited higher rectification ratios compared to their
undoped counterparts. Interestingly, the
photoresponsivity of fabricated Ir-doped photodiodes
was noted to be lower than that of undoped ZnO
photodiodes at varying light power levels.
Additionally, the undoped ZnO photodiode showcased
photosensitivity = compared to the Ir-doped
photodiode.
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Keywords Abstract: Many systems in real life can experience failure in two categories such as
Competing failure process, a soft failure process or a catastrophic failure process. Therefore, failure processes
Shock models,

are competing since either failure can cause the system to fail. In this study, a
reliability analysis of a k-out-of-n:G system which is exposed to a competing failure
process is investigated based on different distribution assumptions for a shock
magnitude, a damage size and a wear volume due to continuous degradation.
Besides, unlike the researches in this field, in a more statistical frame, the reliability
results are also examined in detail by considering normal distribution assumption.
The reliability results are discussed based on a change in parameters, number of
shocks and time. Graphical illustrations are also provided to observe the parameter
effects explicitly on the reliability of the system.

k-out-of-n system,
Reliability analysis,
Gamma distribution.

Rakip Bozulma Siireclerine Maruz Kalan bir n’den k ¢ikish:G Sistemine ait istatistiksel
Giivenilirlik Degerlendirmesi

Anahtar Kelimeler Ozet: Gergek hayatta bircok sistem, yikici olmayan bozulma veya yikic1 bozulma

Rakip bozulma stiregleri, siirecleri gibi bozulmalar1 iki kategoride deneyimleyebilirler. Her iki ariza da

ok modelleri, - sistemin bozulmasina sebep olabileceginden ariza siirecleri rekabet halindedir. Bu

n den k aikish sistem, calismada, rakip bozulma siireglerine konu olan sok biiyiikliigii, hasar boyutu,

Giivenilirlik analizi, . : s o

Gamma dagilim. stirekli bozulmaya .sebep olan asinma hacrn-l i¢in farklll-daglllm var-saylmlar-ma dayali
n’den k ¢ikish:G sistem yapisinin giivenilirlik analizine yer verilmektedir. Bunun
yaninda, bu alandaki calismalardan farkli olarak, giivenilirlik sonuglari normal
dagilim varsayimi altinda istatistiki agidan daha ayrintilhi olarak incelenmistir.
Giivenilirlik sonuglar1 sok sayisi, zaman ve parametrelerdeki degisim dikkate
alinarak tartisilmistir. Sistem giivenilirligi Gizerindeki parametre etkilerini a¢ik bir
sekilde gozlemlemek icin sonuclar ayrica grafikler ile de sunulmustur.

Nomenclature:

N(t) number of shocks arrived at t
For a soft failure process;
X(t) wear volume at t as a result of a continuous degradation
G(x;t) cumulative distribution function (cdf) of X(t)
Xs(t) total wear volume at t
Fx(x;t) cdf of Xs(t)
Y; damage size contributing to soft failure
fr (y) probability density function (pdf) of ¥;
%> (y) probability density function (pdf) of the sum of k i.i.d Y; variables
K(t) cumulative shock damage size at t.
H critical wear degradation failure threshold
For a catastrophic failure process;
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w size/magnitude of the jth shock load

Fy (v) cdfof W

D threshold for catastrophic failure

o cdf of the standard normal random variable

1.Introduction

Many engineering systems can experience different
shocks during their degradation process. These
systems and their units therefore can fail due to those
shocks along with their natural degdaration process.
In this respect a competing failure process concept is
arised. A soft failure or a catastrophic failure process
can make the system fail in case of a competing failure
process. The two failure processes have some
threshold values and when they are exceeded the
system or the units fail. In both of the failure
processes, the failures are affected by the same
random shock and this makes the processes
dependent. Also, whenever one of the thresholds of
each failure processes is exceeded, the system fails and
that's why the failure processes are competing. The
reliability research of systems under the influence of
competing failure processes and shocks is worthy of
interest especially in the field of reliability
engineering. There has been plenty of studies
regarding the shock models and competing failure
processes in the literature. Gut [1] defined a
cumulative shock model and proposed limit theorems
for the failure and working times of a system. Eryilmaz
and Kan [2] examined an extreme shock model in two
stages. In the initial stage, the sizes of the shock are
small in some degree, but in the following stage, the
system experience more larger shocks due to an
abrupt change in the environment. Then, the mean
time to failure and reliability achievements were done
considering an extreme shock model based on a
random change point in that study. Wang et al. [3]
obtained a function of reliability based on di§erent
failure modes which were catastrophic, deterioration
and failure due to shocks. They also classiffed the
effect of shocks on the system in two categories. In one
ofthem, they considered an increased failure rate after
a shock arrived and in the other one they took into
account a random change in the degradation after the
occurence of the shock. An engineering application
was given to support the model examined. Li and
Pham [4] proposed a generalized multi-state model
which considers shocks arriving at random and multi-
competing failures. Two degradation processes were
taken into account. In the model proposed, a reliability
evaluation of a system was done by obtaining the
system state probabilities considering both of the
degradations. Peng, Feng and Coit [5] dealt with a
reliability optimization problem of a surface-
micromachined microengines inauenced by wear
degradation. Song et al. [6] considered the reliability
analysis problem of a k-out-of-n structure which was
exposed to multiple failure processes. Different from
the previous studies failure times of the units are
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dependent. A soft failure or a catastrophic failure
process can cause each unit to fail. Since the units fail
due to the occurence of either of the failure processes,
those failure processes are considered as competing.
Pham et al. [7] developed a model for predicting the
working probability of a k-out-ofn:G structure
assuming that components were subjected to several
stages of degradation and a catastrophic failure. State-
dependent transition rates were used and also some
functions for the reliability and MTTF were provided.
Besides, another model was improved in Song et al. [8]
in which s-dependent failure times of degradated
components influenced by a shared shock were
considered. The model was so useful for the reliability
evaluation of many systems with several components
that experience s-dependent competing failure
processes. Rafiee et al. [9] also dealt with the working
probability of a system under the influence of
competing failure processes with one exception that is
the changing failure rate. In complex systems, the
system turns out to be capable of being affected from
fatigue and deteriorates more quickly, in consequence
of withstanding shocks. Therefore, four different
shock patterns that could result with an increased
degradation rates were considered within the study
and the problem was discussed within this respect.
Cha et al. [10] examined the dependency between the
two competing processes where failures were
categorized as the failures resulted from the
accumulated wear and the catastrophic failure. An and
Sun [11] classiffed the sock loads into two. According
to their contribution, some shock loads especially
which are beyond the threshold value cause the
system’s sudden failure. However, some of them
which are between the certain level and shock
threshold just cause sudden degradation increments.
Under these circumstances a new reliability model
was proposed under competing failures. Fan etal. [12]
considered competing failures in which there was a
dependency among the random shocks and the
degradation process. The dependence effect was
searched with reference to some classiffication of the
shocks. The results were supported by a realistic
application. Che et al. [13] took into account the
reliability analysis problem based on mutually
dependent degradation and shock processes in case of
a competing failure process. The intensity of the
shocks had a connection with the number of arrival
shocks. Therefore, different from the previous studies,
in this study Poisson process was not used to describe
the arrival of the shocks. A multi-component system
was considered by Shen et al. [14]. They took into
account a reliability issue in which the deterioration
behavior of a particular component can influence
another component. A recursive method was
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proposed for the working probability evaluation
problem of a series system. Moreover, a simulation
was conducted to find the approximated failure times
of a k-out-of-n system. Qiu and Cui [15] evaluated the
reliability by considering two-stage dependent
failures. The dependence of the stages were due to the
shared non-homogenous Poisson modeled shock
process. A reliability issue of a multiple dependent
failure processes with a varied failure threshold was
considered by Jiang et al. [16]. Different from the
previous researches considering fixed threshold
levels, within this study the threshold level of a
catastrophic failure was affected by the shock process.
In Wang et al. [17] a new age- and state-dependent
competing risks model which took into account of
random shocks was proposed. As a new contribution
the overall degradation was affected by the current
state and the degradation rates were accelerated by
the shocks.

In almost all the the studies considering multiple
dependent failure processes, besides the theoretical
contributions, especially the applications were
obviously conducted only under normal distribution
assumptions. However, from the statistical point of
view, some other distributions can be used to model
the failure processes in nature. For instance; it is
widely known that an electrical lamp’s lifetime is
exponentially distributed. In addition to the natural
degradation process of the lamp, there can be some
voltage increases that can affect the failure process of
the lamp. Those increases result some wear outs for
the lamp besides its natural deterioration. In addition,
they can also lead the system to fail. Therefore, in the
reliability evalution of the lamp, competing failure
processes can be handled. This particular study,
therefore, seeks to examine different distribution
assumptions for the failure processes and their
resulting effects on the working probability of a k-out-
of-n system and its units. Besides, this study also aims
to investigate the effects of the distribution
parameters, the required and the total number of units
in the system and the time change on the reliability
and present the results within a more detailed frame.
In section II, the indeed explanation of a competing
failure process is given with reference to the literature
and the model assumptions in this study are provided
as well. In Section III, statistical reliability evaluation
of a unit and a k-out-of-n system under normal
distribution assumptions is done in detail by
considering both soft failure and catastrophic failure
processes, respectively. Section IV includes again a
detailed statistical reliability evaluation problem of
both a unit and a k-out-of-n system which is exposed
to a competing failure process under different
distribution assumptions than a normal distribution.
Finally in section V, the major findings of the study are
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presented and suggestions are made for further
studies.

2. Multiple Competing Failure Processes and
Random Shocks

The two failure modes are generally used in the
literature; one is a catastrophic failure in which units
corrupted by some instantenous exterior shocks, the
other one is a failure based on a degradation process
in which units fail due to a physical deterioration.
Therefore, it is important to examine probabilistic or
stochastic models of systems exposed to competing
failure processes lean on degradation and random
shocks. Many researchers has been working on the
problem of combining these two competing failure
modes.

Shock models are also worth of interest in reliability
researches and have great importance in the reliability
evaluation of units or systems exposed to competing
failure processes. Shock models in reliability analysis
can be classified based on the time interval between
two successive shocks or the damage size grew out of
an single random shock and the system failure
function. In shock modeling, the system is affected by
shocks with random magnitudes and which occur at
random times. Thus, shocks usually has a Poisson
process. To supply mathematical formulations for the
relaibility models of systems exposed to shocks many
researchers provide many papers. Three classical
random shock models are substantially used in the
literature; cumulative, extreme and 6 -shock models
(Gong et al. [18], Lorvand et al. [19], Tuncel and
Eryilmaz [20], Eryilmaz [21]). In this study, we
consider a cumulative and an extreme type of a shock
model. Besides, in real lifetime applications it is
generally accepted that a graceful deterioration and a
discrete random shock affect the system and makes it
deteriorate. The failure processes are assumed to be
independent in many of the studies regarding
competing risks of degradation. However, in reality
the degradation can increase with a sudden jump or
with the increase in the degradation rate as a result of
a shock. Therefore, due to this fact the processes is
considered as dependent.

In the study of Song et al. [6], a working probability
evaluation problem is discussed under two dependent
failure processes. One of the failure processes is the
soft failure process. It is resulted from both a lasting
degradation and an additional suddenly terminating
damage due to a shock process. The other one is the
catastrophic failure which is resulted from an
instantaneous stress from the same shock process. In
real life applications of many systems and reliability
studies, those two failure modes are handled together.
Therefore, probabilistic and stochastic modeling of
those competing and dependent failure processes
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which consists of both the random shocks and
continuous degradation simultaneosuly is worth of
notice. [t is important to represent some assumptions
regarding the model taken into account in Song et al.
[6] in this part of the study as follows;

Assumptions of the Model:

1. Whenever Xs(t) is beyond a threshold value H, soft
failure exists (according to a cumulative shock
modeling).

2. Whenever W; itself goes beyond the maximum
strength D, catastrophic failure exists(according to an
extreme shock modeling).

3. Poisson process explains the arrival of the random
shocks.

4. The system is nonrepairable.

5. The system works when at least k units exist due to
both soft failure and catastrophic failure processes.

2.1. Modeling catastrophic failures

The arrival of the shocks follows Poisson process with
parameter A. Let W; be the size of the jth shock at time
ti,j=1.2,. coand they arrive independently. Then, the
probability of surviving the jth shock for a unit is;

PW; < D) =F,D),j=12.,o (1)

If W,~N(uy, oy ), i = 1,2,..., 0, then the related
probability turns out;

D—y,
PL=FW(D)=(D< )' (2)
Oy

2.2. Modeling soft failures
The total degradation of the system is;

Xs(®) = X + K(®) (3)
where X(t) = ¢ + [ftrepresents the degradation due
to continual wear (¢; ; initial value, 8 ;degradation

rate) and K(t) indicates the cumulative damage size till
time t. K(t) is;

N(b)
Z Y; eger N(t) > 0 ise

K(t) = (4)
j=1
0, eger N(t) = 0 ise

The probability of the total degradation being less
than a certain value x can be obtained;
Fx(x,t) = P(Xs(t) <x)

D PO +K© <xIN© = PNO =) o
j=0

Let X(t) distribute with G(x;t) and Y; distribute with
fy (y), the distribution of Y; +.....+Y; is represented as
%> (y). Thus, equation (5) transforms;

Fx(x,t) = G(x,t)exp(—At)

+ i fo(x —u, ) ;"> (u)du
=1 \o

y exp (—rt) (M)’

T
! 6)

IfY; ~ N(py,07) ) and are independent, and also there

is a linear degradation with a constant ¢ and a f ~
N(ug ,aﬁ) then, the probability that soft failure is not
observed before t;

o [H—(ugt+o+]j
Fo(H,1) = Z(D (mpt+o+juy)
j=0

’aé t2 +jol

exp(—=1t) (M)
X —_—

(2)

J!
(7

W, #s

Figure 1. Two competing failure processes for a unit

2.3. Statistical reliability evaluation of a system
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In a k-out-of-n system structure, the unit failure times
are dependent because the units undergo the same
shock effects. In such systems, the reliability is
obtained as the probability of having at least k units
surviving each of shock loads (W; < D forj=1,2,.)
and their total deterioration being less than the
threshold (X,(t) < H). For the reliability of the
system we have S described as the set of system units
and ¢(t) as the set of the working units, ¢(t)c S) . In
that case, it has been given as;

¢ (1)
= {index of components satisfying:
Wl < D, WZ < D, ""WN(L') < D,
N(b)

X+ ) v < H) ®
j=1
¢(®)
= {index of components satisfying:
N(t) N(t)
]E](W}<D),X(t)+;Yj<H} )

Then, the working probability of the system is
achieved by the probability of the intersection of the
events that the unit degradations are below the failure
thresholds. Therefore, the working probability;

R(@®) =P(|P®)| = k)

= Zm=0 P{l ¢(@®)] = k| N(t) = m} (10)

x P{N(t) = m} (10)

Each unit is affected by the shocks arriving with a
Poisson process. Then,

m=0 i=k
N(t)

X + Z i < HIN(E) = m}i
N(t)
{1- P(ﬂ(Wj < D),
N(t) =t

X))+ Z Y, < HIN(t) = mj™™
= m}

N(t)

P{ﬂ(w,- <D),
j=1

(10)

X PIN(D) (11)
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Based on the distributions of the related random
variables, reliability can also be written as;

n

RO =Y (T)[PX(E) < H)]
l

i=k
x [1=PX() < H)]™D (10)
X P(N() =0)
* Z Z {(P(W < D)™
m= 11 k
X f G(H — W)™ (w) du}
"x{1 - (P(W < D)™
H .
X j G(H — W™ (W) du)™
e—lt()\t)m
ST (12)
or as;
R(t) = Z (Tll) [P(X(t) < H)]i
i=k
X [1—PX(t) < H)]"D g2t (10)
* Z z n {Fw (D)™
m=1i=k
f G(H — W™ (W) du}!
x{1—Fy (D)™
H .
X j G(H —w)fy™ (u) du}™™
e—lt()\t)m
ST (13)

3. Statistical Reliability Evaluation Under a Normal
Distribution

In this part of the study, the statistical reliability
evaluation of a unit and a system based on a competing
failure process is examined by taking into account
different distribution assumptions for wear volume,
damage size and magnitude of a shock. First, the
theoretical results presented in the literature
regarding the success probability of a k-out-of-n
structure under competing failure process is
examined under a normal distribution. Second, under
different distribution assumptions some theoretical
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achievements are provided with some numerical
illustrations.

3.1. Statistical reliability evaluation of a unit

In this part of the study, under the theoretical
achievements found in the literature regarding the
reliability of a unit and a system under competing
failure processes, the reliability results based on
normal distribution assumption are discussed in
detail by considering different parameter and k values
or different number of units.

In Case of a Soft Failure:
In the the reliability evaluations under normal
distribution assumption, we consider the following

parameters given in Table 1(Song et al. [6]).

Table 1. Parameter values for both catastrophic and soft
failure processes

t=5.0 t=10.0

Hy 1=0.9 A=1.2 1=0.9 A=1.2
104 0.9989 0.9896 0.8705 0.5755
3x10-4 0.5120 0.2709 0.0514 0.0070
7x10-4 0.0611 0.0174 0.0012 0.00007

Oy
2x10-5 0.9989 0.9871 0.8705 0.5755
5x10-5 0.9972 0.9822 0.8507 0.5743
10x10-5 0.9876 0.9559 0.8024 0.5672

While searching the effect of the parameter py on the
reliability, the results are obtained by assuming
Hp =8.4823x10"(-9) ; op = 6.0016x10"(-10) ; oy =
2x107(-5) and m=100 and for the effect of oy, the
results are obtained by assuming pz =8.4823x10"(-
9), 05=6.0016x10"(-10), py =107(-10) and m=100 in
Table 3. The reliability values decrease with an
increase in py and in the arrival rate of shocks. Also,
the reliability values decrase with an increase in oy

When the unit is exposed to different number of
shocks arrived, the reliability values of the unit are
given in the following Table 2.

Table 2. Reliability of a Unit Based on Different Shock
Numbers

t=1.5 t=5.0 t=6.5
4=09 | 41=1.2 | 2=09 | 4=1.2 | 1=09 | 1=1.2
m=0 | 0.259 | 0.165 | 0.011 | 0.002 | 0.003 | 0.000
m=1 0.609 | 0.463 | 0.061 | 0.017 | 0.020 | 0.004
m=10 | 1.0 1.0 0.993 | 0.957 | 0.963 | 0.835
m=50 | 1.0 1.0 0.999 | 0.990 | 0.991 | 0.941

The working probability values decrease by the time
increase. Also, as it is expected lower reliability values
are observed with the large arrival rates of random
shocks. For the changes in the parameters, the
reliability results are also investigated and presented
in the following Table 3-Table 4.

Table 3. Reliability of a Unit Based on the Change in py and
Oy

Paralr_lneter 5 Ogilzu;"s - values. Besides, they also decrease with an ascent in
D : 15 Gpim the arrival rate of shocks.
¢ 0 .. . .
Table 4. Reliability of a Unit Based on the Change in
~N(ug, 02) , np=8.4823*10"° B
P B~ Nug. o) b t=7.0 t=12.0
a5 = 6.00{16 £ 1010 ym3 Mg =09 | 2=12 [ 2=09 | =12
8.4823x10-° 0.9852 | 0.9100 0.7069 0.3249
Y Y~ N(y, 0¢) , by=10"*ums3, >
oy = 2 %1075 um3 10x10 0.9852 | 0.9100 0.7069 0.3249
Y 13x10-° 0.9852 | 0.9100 0.7069 0.3249
W; Wi~ N(uw, oy , b 1.2 GPa
oy = 0.2 GPa The working probability results are obtained by
assuming py =107(-4), oy =

2x107(-5), op =
6.0016x107(-10), and m=100 in Table 4. There is not
an explicit effect on the reliability values of the
parameter pg. However, by the time and the shock
arrival rate increase, reliability decrease is explicitly
observed. When the results in Table 5 are discussed,
similar interpretations can be done for the reliability
change of the unit based on the change in oz with the
change in . Also, the reliability results are obtained
by assuming p, =107(-4), oy = 2x107(-5),
Hg =8.4823x107(-9) and m=100 in Table 5.

Table 5. Reliability of a Unit Based on the Change in op

t=5.0 t=10.0
Op A=09 | A=1.2 1=0.9 A=1.2
86.0016x10-10 | 0.9989 | 0.9896 | 0.8705 | 0.5755
8x10-10 0.9989 | 0.9896 | 0.8705 | 0.5755
10x10-10 0.9989 | 0.9896 | 0.8705 | 0.5755

In Case of a Catastrophic Failure:

When the reliability results of a unit are examined
under a catastrophic failure, the effects of the
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parameters of the shock load’s magnitude on the
working probability are investigated and presented
with the following figures.

1,2
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Figure 2. Reliability of a Unit Based on the Change in py
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3.2. Statistical reliability evaluation of a system

By the use of equation (13), the reliability function of
asystem is;

o= 3 ()2

i
H — pgt —
oo (=5

(n—i)
¢ oMt
O'Igt
[oe] n
3
m=

n H— t+p+m
Z() PL'"CD< (upt + @ + mpy
1i=k L

Jop?t? + moy?

(10)

)

n—i

[

i

H — t+o+m
o 1—PmeD< (upt+ o w)
\Op%t? + maoy?
e—)\t(xt)m
Tmr (14)
where P, can be obtained by equation (2). The

reliability results of a system are presented in the
following Table 6 for different n and k values.

Table 6. Reliability Results for a k-out-of-n G system
n k Rs(0) | Rs(1.5) | Rs(5) | Rs(7) | Rs(10)

5 1 1.0 1.0 0.999 | 0.993 | 0.917
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3 1.0 1.0 0.999 | 0.987 | 0.874
5 1.0 1.0 0.998 | 0975 | 0.816
10 |1 1.0 1.0 0.999 | 0995 | 0.930
10 | 3 1.0 1.0 0.999 | 0.991 | 0.899
10 | 10 | 1.0 1.0 0.997 | 0.970 | 0.797

The reliability results are obtained by assuming
Hy=10"(-4), oy= 2x10"(-5), g =8.4823x10"(-9), op=
6.0016x107(-10), uyy =107(-4) ), oy, =0.2, H=0.00125,
D=1.5, A =0.9 in Table 6. When the results are
examined, it is clearly observed that there is a
decrease in reliability with a time increase. When n is
constant and k is increased, it results with a reliability
decrease whereas when k is constant and n increases,
it results with an increase in the reliability values.
Therefore, when n increases in the system, the
working probability values of system also increase.
This result is also discussed in the Figure IV. In Figure
IV, the black solid line indicates the working
probability results of a 5-out-of-7:G system. The blue
dashed line denotes the working probability results of
a 5-out-of-15:G system and the red dashed line
indicates the working probability results of a 5-out-of-
30:G system. High reliability values are observed
when n is large. Also, with the time change, all the
reliability values are observed to decrease.

12000
10000
8000
Rs(t)*1074 6000
4000
2000

0

0 10

Figure 4. Reliability Results Based on Normal Distribution
Assumption

4. Statistical Reliability Evaluation Under
Exponential and Gamma Distributions

4.1. Statistical reliability evaluation of a unit

In the following part, we will provide reliability
functions of a unit under competing failure processes
considering an exponential distributed wear volume,
a damage size and a shock load’s magnitude whereas
a gamma distributed sum of the damage sizes. First,
we provide the reliability function of the unit under a
soft failure process. Then, a reliability function of the
unit under a catastrophic failure is given.
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In Case of a Soft Failure:

Let the wear volume is; X(t) = Xt where X~ Exp(2;).
Therefore, the distribution of X(t) is also exponential

with the parameter 7% Let also Y;~ Exp(A;). Besides,

shocks arrive with a Poisson process. Then, the
reliability function of the unit under a soft failure
process is;

P(Xs(t) <x)=(1- e_ATlx Ye A

/111 n-1
+ZJ- 1- e_T(x Wy = 1),
—)\t(}\t)n
T (15)

In Case of a Catastrophic Failure:

Let W~ Exp(A;), then the reliability function of a unit
under a catastrophic failure process is;

P(W,<D)=1-e*" (16)
The reliability results of a unit is examined for
different values of the parameters and discussed in the
following Table 7-Table 9. In all the following tables H

=5 is assumed.

Table 7. Reliability of a Unit Based on the Change in 1

t=0.5 t=1.5 t=5.0
1=0.9 0.944 0.731 0.126

A =15 A=12 | 0.921 0.637 0.058
42=05 594 [0905 | 0576 | 0.034

When the results in Table 7 are discussed, it is
observed that the reliability values decrease by the
increase in the parameter A. This is an expected result
actually because A indicates the arrival rate of random
shocks and an increased arrival rates result with more
shocks to arrive and effect the unit. Therefore, with the
increase in this parameter the reliability of the unit is
expected to decrease. Also, another result which is
also expected to be observed is the reliability decrease
by the time increase in Table 7.

Table 8. Reliability of a Unit Based on the Change in 4,

t=0.5 t=1.5 t=5.0
1,=0.5 | 0.963 0.676 0.165
1,=0.7 | 0.974 0.768 0.216
1,=15 | 0981 0.888 0.362

Different from the previous interpretation in the
reliability in Table 7, in Tables 8 and 9, with the
increase in the parameters A; and A,, there is a
decrease in the reliability of a unit. As the increase
in A, indicates a decrease in the wear volume and the
increase in A, denotes a decrease in the damage size,
both cases result with an increase in the reliability
values.

Table 9. Reliability of a Unit Based on the Change in 4,

t=0.5 t=1.5 t=5.0
1,=0.5 | 0.964 0.740 0.190

1,=0.9 | 0.990 0.822 0.282
1,=1.7 | 0.998 0.872 0.382

A=05
/11_07

Besides, Figure 5 shows the change on the reliability
based on the change in the parameter A, . The
reliability results are obtained by assuming D = 1.5.
The reliability of a unit is observed to increase with an
increase in the failure rate of random shocks in this
figure. When the failure rate of random shocks
increases, it is expected to have higher reliabilities of a
unit.

R
15000
S 10000
o
i
* 5000
0
0 10000 20000 30000 40000
AS*1074

Figure 5. Reliability of a Unit Based on the Change in Ag
4.2. Statistical reliability evaluation of a system

Considering an exponential distributed wear volume,
damage size and shock magnitude and Gamma
distributed damage size sum, we provide the
reliability function of a k-out-of-n system as;

n
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The reliability results are presented in the following
Table 10 for various n and k.

Table 10. Reliability Results for a k-out-of-n system

n |k | Rs(0) | Rs(0.07) | Rs(0.15) | Rs(0.5) | Rs(1)

5 |1 [1.0 [09920 | 09826 | 09352 |0.8423
5 |3 [1.0 |[09694 | 09356 |0.7986 | 0.5821
5 |5 [1.0 [09656 | 09276 | 0.6035 | 0.1718
101 [1.0 [09980 | 09952 | 09753 | 0.9210
103 [1.0 |09826 | 09627 | 08731 | 0.7228
10 10 [ 1.0 | 09656 | 09273 | 0.4673 | 0.0486

The reliability results are obtained by assuming A =
0.5,4, = 0.3, 1, = 0.7, A, = 0.2, H=5, D=1.5. When the
results are discussed, the reliability decrease is
explicitly observed with the time increase again for
this system structure. When n increases, the working
probability of the system also increases. Besides, with
the increase in k, there is a decrease in the working
probability of the system.

5. Conclusions

This study aims to examine the reliability of a k-out-
of-n system and its units exposed to competing failure
processes under different distribution assumptions. In
previous studies, the reliability of the system is solely
searched by considering normal distribution
assumption. However, in real life the distributions of
wear volume, damage size or the shock magnitudes
can be different from a normal distribution. In this
case, different parameters can have some effects on
the reliabilities of the units and the system. Therefore,
besides investigating the effect of the parameters of
the normal distributed wear volume, damage size or
shock magnitudes, it is worthy of consider to examine
the effects of different distributions and their
parameters on the working performance of the system
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under a competing failure mechanism. With this aim,
first under normal distribution assumption the
reliability results are discussed in detail with
reference to the changes in the parameters, and by the
use of reliability functions already achieved in the
literature. Then, the reliability functions of a system is
obtained under an exponential distributed wear
volume, damage size and shock magnitude and
Gamma distributed damage size sum. Moreover, the
reliability results are examined based on the changes
in the parameters of the related distributions. The
effect of the time change on the working probability
are also analysed along with different number of units
and k values of a system.
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Anahtar Kelimeler
Matematik Basarisi,
Egitim,

Bulanik Mantik

Ozet: Bu makalede ortaokul égrencilerinin duyussal 6zelliklerinin, ¢dzdiikleri
problem sayilart ve devamsizliklarinin; matematik basarisina ve yansitic
diisiincelerine olan etkisi bulanik mantik yéntemiyle incelenecektir. Ogrencilerin
derse olan motivasyonu, dersi 6grenmeye yonelik kararlilig1 ve istegi olarak ifade
edebilecegimiz duyussal 6zellikler egitimde olmazsa olmazlardan biridir. Problem
¢ozme becerisi ise giiniimiizde sadece matematik dersinde degil bircok derste hatta
giinliik hayatta da kullanabilecegimiz bir beceridir ve egitimde son derece 6neme
sahiptir. Ogrencilerin okula olan devamliliklar1 derslerdeki konu biitiinliigiinii
saglamalarina ve derslerde daha ozgiivenli aktif katilimlarda bulunabilmelerine
olanak saglayacaktir.

Bu ii¢ 6nemli faktoriin matematik basarisina ve probleme yonelik yansitic
diistinceye etki ettigi ongoriilmektedir. Bu etkinin buyiikliigii bulanik mantik
modelleme aracilifiyla belirlenecektir.

Modeling Mathematics Achievement and Reflective Thinking with Fuzzy Logic

Keywords
Mathematics Achievement,
Education,
FuzzyLogic

Abstract: In this article, the affective characteristics of secondary school students,
the number of problems they solved and their absenteeism; Its effect on
mathematics achievement and reflective thinking will be examined using the fuzzy
logic method. Affective characteristics, which can be expressed as students'
motivation for the lesson, determination and desire to learn the lesson, are one of
the indispensable elements in education. Problem solving skill is a skill that we can
use not only in mathematics lessons but also in many other lessons and even in
daily life, and it is extremely important in education. Students' attendance at
school will enable them to ensure the integrity of the subjects in the lessons and to
be more self-confident and active participants in the lessons.

It is predicted that these three important factors affect mathematics achievement
and problem-oriented reflective thinking. The magnitude of this effect will be
determined through fuzzy logic modelling.

1. Giris

Bir¢ok 6grenci matematikten ¢ekiniyor ve bu dersten
basar1 saglayamamaktan endise duyuyor. Ancak
matematikte basarili olmak imkansiz degildir.
Matematikte bireylerin basari ve gelisim gostermeleri
icin dncelikle matematik bilimine karsi olumlu bakis
acisi gelistirmeleri gerekmektedir. [1].

Matematik basarisinda etkili olabilecek bazi faktorleri
su sekilde siralayabiliriz;

*ilgili yazar: melekkotanak@gmail.com
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Ogrenciye Bagh Faktorler:

Zeka; matematik basarisinda rol oynar ancak zeki
olmak her sey demek degildir. Calisma ve emek de en
az zeka kadar 6nemlidir.

Ogrenme Stili; Gorsel, isitsel veya kinestetik 6grenme
stillerinden hangisine sahip oldugunu
bilmek, matematik 6grenmeyi kolaylastirabilir.
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Duyussal ozellikler; Matematige kars: ilgi ve merak
duymak, derse motivasyonlu bir sekilde gelmek
o6grenmeyi kolaylastirir ve basariyi artirir.

Zaman; Matematikte iyi olmak icin diizenli ¢calisma ve
pratik yapma sart.

Stratejiler; Etkili
kullanmak, matematiksel
anlamaya yardimci olur.

6grenme
kavramlari

stratejileri
daha iyi

Kendine Giiven; Kendine inanmak ve matematikte
basarili olabilecegini diisiinmek ¢ok 6nemli.

Devamlilik; Okula diizenli bir sekilde gitmek ders
biitiinliigiinii kagirmamak icin 6nemlidir ve basariy:
artirir.

Problem pratigi; Derslerden sonra okul disinda da giin
icerisinde 6grendigi bilgileri problemlerle (etkinlik
veya soru ¢ozlimleri de olabilir) pekistirmek bilgilerin
unutulmamasina olanak sagladig1 gibi basariy1 da
artirir.

Ogretmene Bagh Faktorler:

Alan Bilgisi; Ogretmenin matematik bilgisinin saglam
olmasi ve kavramlari iyi anlatabilmesi gereklidir.

Yontemler; Etkili ve ilgi ¢ekici 6gretme yontemleri
kullanmak, 6grenmeyi kolaylastirir.

Sinif Yonetimi; Sinifin disiplinli ve verimli bir sekilde
yonetilmesi, 6grenmeyi kolaylastirir.

Geri Bildirim; Ogretmenin sana diizenli ve yapici geri
bildirim vermesi, 6grencilerin eksiklerini gormelerine
ve gelismelerine yardimci olur.
Ebeveynlere Bagh Faktorler:
Bakis Agisy; Ailenin matematige karsi olumlu bir bakis
acisina sahip olmasi, 6grencinin de matematige karsi

ilgisini ve motivasyonunu artirir.

Destek; Evde matematiksel aktiviteler yapmasi ve
yardimci olmalari, 68rencilerin basarilarini artirir.

Okul ve Egitim Sistemine Bagl Faktorler:

Miifredat: Mifredatin giincel ve Ogrenciye uygun
olmasi dnemli.

Materyaller: Yeterli ve uygun
materyalleri, 6grenmeyi kolaylastirir.

egitim

Teknoloji: Teknolojinin etkili kullanimi, matematik
6grenmeyi daha ilgi cekici hale getirebilir.
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Sosyo-Ekonomik Faktorler:

Sosyo-Ekonomik Diizey; Ailenin maddi
durumu, egitim imkanlarina erisimini ve dolayisiyla
matematik basarisini etkileyebilir.

Diger Faktorler:

Arkadas Grubu; Arkadaslarinin matematige bakis acisi
ogrenciyi etkileyebilir.

Kendine Giiven; Kendine inanmak ve matematikte
basarili olabilecegini diisiinmek yine énemli faktorler
arasindadir.

Matematik, modern diinyanin temel bir dilidir ve
problem ¢6zme, analitik diisiinme ve soyut kavramlari
anlama gibi bir¢ok 6nemli becerinin gelistirilmesine
katkida bulunur. Yansitict diisiinme ise kendi
disiinme siire¢lerimizi ve inanglarimizi sorgulama ve
degerlendirme yetenegidir. Matematik 6grenirken,
hatalardan ders almak ve kavramlari daha
derinlemesine anlamak i¢cin bu beceri son derece
onemlidir.

Yansitic1 Diisiinceyi Etkileyen Faktorler

Yansitial diisiinme, deneyimlerimiz ve inanglarimiz
hakkinda derinlemesine diisiinme ve bunlar1 analiz
etme yetenegidir. Bu karmasik bir bilissel stirectir ve
cesitli faktorlerden etkilenir.

Bireysel Faktorler:

Bilissel Beceriler; Elestirel diisiinme, problem ¢ézme
ve analitik diistinme gibi bilissel beceriler, yansitici
diisiinmenin temelini olusturur.

Ogrenme Stilleri; Deneyimsel ve aktif 6grenme
stillerine sahip Kisiler, yansitici diisiinmeye daha
yatkin olma egilimindedir.

Meta-bilissel Farkindalik; Kendi disiinme
siire¢lerinin farkinda olmak, yansitici diisiinmenin
6nemli bir bilesenidir.

Oz Diizenleme Becerileri; Duygulan ve diirtiileri
yonetme yetenegi, diisiinceleri net ve objektif bir
sekilde analiz etmeyi miimkiin kilar.

Acik Fikirlilik; Farkli bakis a¢ilarina agik olmak ve yeni
fikirleri kabul etmek, yansitici diislinmenin énemli bir
ozelligidir.

Duyugsal ézellikler; Ogrenmeye ve gelismeye istekli
olmak, yansitici diisiinmeyi tesvik eder.

Cevresel Faktorler:

Egitim; Yansitici diisiinmeyi tesvik eden bir egitim
ortami, bu becerinin gelismesine katkida bulunur.
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Kiiltiir; Elestirel diisinmeyi ve sorgulamay1 deger
veren Kkiiltiirler, yansitic1 diisiinmeyi tesvik eder.

Sosyal Destek; Aile, arkadaslar ve meslektaslardan
gelen destek, yansitic diisiinmeyi tesvik edebilir.

Deneyimler; Zorlayici ve ¢esitli deneyimler, yansitici
diistinmeyi tesvik edebilir.

Diger Faktorler:

Yas; Yasla birlikte bilissel becerilerin gelismesi ve
deneyimlerin artmasi, yansitici diisiinme yetenegini
de gelistirebilir.

Kisilik; Kisilik 6zellikleri de yansitict dusiinmeyi
etkileyebilir. Ornegin, ice déniik Kisiler, disa doniik
kisilere gore daha fazla yansitma egiliminde olabilir.

Yansiticr diistinme, gelistirilebilen bir beceridir.
Yukarida bahsedilen faktorleri anlamak, bu becerinin
gelistirilmesine yardimc1 olabilir.

Yansiticl diisiinme, kisisel ve mesleki gelisim icin
onemli bir aractir. Bu beceriyi gelistirmek, daha
bilingli ve anlamli bir hayat yasamaniza yardimci
olabilir.

2. Materyal ve Metot

Bu c¢alisma 50 ortaokul o&grencisi iizerinde
uygulanmistir. Arastirmaya katilan 6grencilerin
verileri dikkate alinarak girdi ve ciktilarin alt-iist
sinirlari belirlenmistir (problem sayilari en fazla 1000
oldugu i¢in ortalama 2000 iist siniri, devamsizlikta
sinifta kalma 20 giin oldugu icin 19,5 ist siiri,
anketler icin 100 puan st sinir1 belirlenmistir.).

Ogrencilerin duyussal 6zellikleri, derslere olan
devamliliklar1 ve problem ¢6zme sayilarinin, yansitici
diistinceye ve matematik basarisina etkileri
arastinlmistir ve onemi vurgulanmigtir. Oncelikle
Siileyman Demirel Universitesi Etik Kurulu’ ndan
08.05.2023 tarihinde E-874332956-050.99-493644
sayll etik kurul karar ile arastirmaci tarafindan
ogrencilerin duyussal o6zelliklerini o6lgmek igin
“Matematik dersi duyussal 6zellikler anketi’, yansitici
diisiinme becerileri ve problem ¢ézme sayilarini
6lemek icin de 6grencilere ‘Matematik dersi yansitici
diisinme  6lgme  anketi”  olusturulmus ve
uygulanmustir. Ogrencilerin devamsizhig icin 1.dénem
yoklama belgelerine bakilmistir. Son olarak
Matematik basarilarini  6lgmek icin 1.dénem
Matematik dersi not ortalamalar1 ele alinmistir. Bu
etkenler ve sonuglar dogrultusunda ¢alisma
gerceklestirilerek veriler Excel programina aktarilmis
tablo olusturularak degerlendirilmistir. Bulanik
mantikta iiyelik derecesi ile belirsiz durumlarda
tiyelik fonksiyonu olusturulur. Bu ¢alismada girdi ve
cikti degiskenlerine baglhh olarak iyelik sayilar,
isimleri,alt ve ust sinirlar belirlenerek bir model
kurulmustur. Sistemden c¢ikan sonuglar ile gercek
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sonuglar  Karsilastirilarak  korelasyon  yiizdesi

hesaplanmistir [2].
2.1. Bulaniklik kavrami

Bulaniklik, ilk bakista netlik ve kesinlik diismani1 gibi
gorinse de, aslinda diinyayr daha iyi anlamamiza
yardimcl olan bir aractir. Bunu, farkli alanlarda
orneklendirerek daha net gorebiliriz:

"Yarin yagmur yagabilir." Bu climle kesin
mi? Hayir. Yagmur yagma ihtimali var,ama Kkesin
degil. Bu belirsizligi "yagmur yagma olasiigl" gibi
bulanik bir kavramla ifade ediyoruz.

Bir resimde ne gordigiimiiz, bakis a¢imiza gore
degisebilir. Ornegin, bir Rorschach testi miirekkep
lekesinde farkl figtirler gorebiliriz.

Klasik yapay zeka modelleri, "dogru" veya "yanlis" ile
calisirr Bu da gercek dinyayr tam olarak
yansitmaz. Bulanik mantik ise "ne kadar dogru" veya
"ne kadar yanlis" ile calisir. Bu da daha gergekei
sonuglar vermemizi saglar.

Bulaniklik Kullanim Alanlari:

Hava durumu tahmini
Trafik kontroli

Tibbi teshis

Finansal risk analizi
Uretim ve kalite kontrol

Bulaniklik, belirsizlikle yakindan iliskilidir. Belirsizlik,
bir sey hakkinda tam bilgi sahibi olmama durumudur.
Bulaniklik ise bu belirsizligi ifade etmenin bir yoludur.
Ozetle; Bulaniklik, diinyay1 daha iyi anlamamiza ve
onunla daha iyi basa ¢ikmamiza yardimci olan bir
aractir. Belirsizligi ifade etmenin ve onunla ¢alismanin
bir yoludur.

2.2. Bulanik mantik

Bulanik mantik kavrami ilk olarak L.A. Zadeh
tarafindan 1965 yilinda ortaya atilmis ve zamanla
O6nemi artarak su an diinyada bir¢ok alanda kullanim
alanina sahip olmustur [3]. Bulanik mantik, klasik
mantigin  siyah-beyaz bakis acisina karsi bir
alternatiftir. Gergek diinyada her sey net degildir,
"sicak”, "soguk", "uzun" gibi kavramlar belirsizdir.
Bulanik mantik da bu belirsizligi kabul eder ve bu
kavramlari matematiksel olarak ifade etmenin bir
yolunu sunar. Diyelim ki bir robotun bir engelden
kaginmasini istiyoruz. Robotun sensorleri, engelin
mesafesi ve hiz1 hakkinda bilgi toplar. Bulanik mantik
kullanarak bu bilgileri isleyebilir ve robotun hangi
yone ve ne kadar hizli hareket etmesi gerektigini

belirleyebiliriz.
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Bulanik mantik ile klasik mantik arasindaki farki
gunlik hayattan yetiskin bir bireyin boy uzunluguna
gore orneklendirirsek klasik mantikta (keskin kiime
mant1g1)150cm asagisi kisa, 150 ile 170 cm arasi orta
boylu ve 170cm ile iizeri uzun olarak
kategorilestirdigimizde asagidaki sekli elde edebiliriz.

1 (Boy)
1.0 4

Kisa Orta Uzun
Boylu

»
»

150 170  Boy Uzunlugu(cm)
Sekil 1. Klasik mantikta kiime grafigi [4]

Ancak bu boy uzunlugu simir degerlerinde gergek
hayatta kisiye gore degisebilir ya da kesin bitis
noktasina sahip olmayabilir. Ornegin aym boy
uzunlugu orta da olabilir uzun da olabilir. Bulanik
kiime teorisinde tamamlanmamis ya da bir kismi
bilinen veriler ile degiskenler dilsel ifade edilerek belli
oOlciitlere gore degerlendirilmesi yapilir [5]. Boylece
bilinmeyenden yola c¢ikilarak bilme siirecine girilir.
Ayrica bulanik mantikta her elemanin ait oldugu bir
veya daha fazla kiime olabilir. Klasik mantik kiimesi
seklini bulanik mantiga gore uyarlandiginda bulanik
kiime sekli elde edilir.

1 (Boy)
1.0

Kisa Orta Boylu Uzun

150 170 Boy Uzunlu{gu(cm)"
Sekil 2. Bulanik mantikta kiime grafigi[4]

Peki Bulanik Mantik Nasil Calisir?

Bulanik mantik, "Eger... O zaman..." seklinde ifadeler

iceren bulanik mantik kurallar1 kullanir. Bu kurallar,

belirsiz bilgileri islemek ve sonuglar ¢ikarmak igin
kullanilir. Ornegin, bir camagir makinesinin sicaklik
kontrol sisteminde asagidaki bulanik mantik kural
kullanilabilir:

Eger: Sicaklik sicak ise O zaman: Su girisi kapat

Burada "sicak" bir bulanik kiimedir ve bir sicakligin ne
kadar sicak oldugunu temsil eden bir iyelik
fonksiyonuna sahiptir. Bu fonksiyon, 0 (tam soguk) ile
1 (tam sicak) arasinda degerler alabilir.

Bulanik mantik sisteminde en sik kullanilan ¢ikarim
mekanizmalarindan biri Mamdani tipi ¢ikarim
mekanizmasidir.

Uzman bilgisinden yararlanilarak kullanilan Mamdani
yontemi yaygin olarak kabul gérmektedir. Uzman
deneyimi ile daha insani ve sezgisel olarak tanimlama
yapildiktan sonra ciddi bir hesaplama stireci gerektirir

[7].
Bulanik Mantik sistemin temel elemanlary;
bulaniklastirma birimi, ¢ikarim mekanizmasi, kural

tabani ve durulastirma birimidir.

GIRIS BILGILERI

BULANIKLASTIRMA

g

BULANIK :> BULANIK CIKARIM

KURALTABANI MEKANIZMASI

I

DURULASTIRMA

y

CIKIS BILGILERI
Sekil 3. Bulanik sistem genel gosterimi [6]

2.2.1. Bulanik mantik nerede kullanilir?

Bulanik mantik, bir¢ok farkli alanda kullanilmaktadir.
Kontrol sistemleri, goriintl isleme, karar verme, yapay
zeka gibi alanlarda bulanik mantik uygulamalarina
rastlamak miimkindiir.

2.2.2. Bulanik mantigin avantajlari nelerdir?

Belirsiz bilgileri islemek icin daha uygundur.

e Daha saglam ve gilriltiiye karst daha direncli
sistemler tasarlanmasina olanak tanir.

e Karmasik sistemleri modellemek i¢cin daha basit ve

daha sezgisel bir yol saglayabilir.

2.2.3. Bulanik mantigin dezavantajlari nelerdir?

e Klasik mantiktan daha az kesindir.

e Sistemler, klasik mantik  sistemlerinden daha
karmasik ve yorumlanmasi daha zor olabilir.

o Kesinlik ifade etmemesi ve uzman deneyimiyle
¢oziimlenmesi sebebiyle anlasilmasi zor bir alandir ve
hala gelistirilmektedir.
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3. Bulgular 45 3 80 60 54
Ogrencilerin duyussal ozelliklerinin, okula 65 1 100 92,44 78
devamsizliklarinin ve problem pratiklerinin (problem 84 3 90 57 92
¢6zme sayilarinin) matematik basarisina ve yansitici
diistinceye etkisi lizerinde arastirma yapilmistir. 77 2 83 94 77
96 3 1000 99,66 100
Ogrencilerin duyussal 6zelliklerini saptamak icin 66 45 70 38,88 69
arastirmaci tarafindan EK-A anketi, problem pratigi ile
yansiticl diistinme becerilerini 6l¢mek icin ise EK-B 55 0 100 86,22 51
anketi uygulanmistir. Bu 6grencilerin 74 4 76 89,11 73
devamsizliklarinin tespiti icin 1.donem
71 3 600 52,22 84
devamsizliklari, matematik basarilarina bakmak icin
ise ayn1 egitim ve 6gretim yilinin 1.dénem matematik 71 6,5 350 44,55 69
dersi not ortalamalar1 dikkate alinmistir. Bu veriler ile 76 1 820 81 91
bilgisayar iizerinde Excel programinda tablo
olusturulmus, bu tablo matlab programina aktarilarak 65 C 450 63 66
fuzzy logic ara¢ kutusunda incelenmistir. Buradan 67 4 550 67,44 58
cikan veriler ile gercek sonug¢ verileri RZ de 68 105 500 76.55 68
kiyaslanmstir [2]. - -
49 3 500 92,33 40
85 8,5 400 45,66 79
Tablo 1. Arastirmada kullanilan girdi ve ¢ikt1 verileri [2]
» 71 6,5 500 62,33 76
= 60 4 500 52,55 46
%]
E| Cozdigi 81 1 500 90,33 78
Duyussal g Problem | Matematik | Yansitici 88 1 500 96 98
Ozellikler Sayisi Ortalamasi | Diisiince
72 1 500 86,66 72
78 3 850 88,33 96
93 2,5 500 92 72
88 1 1000 90,77 99
44 17,5 65 59,66 51
56 2 250 40 50
55 16 400 44,66 56
89 2 850 97,33 93
72 9 600 36,66 74
77 6 780 70,55 97
66 11 400 46,66 64
86 3 65 84,88 97
91 1,5 1000 94,66 86
50 4 120 43,11 60
78 5,5 431 77,44 88 Bu calismada mamdani tipi ¢ikarim mekanizmasi ile
78 14 40 3811 75 veriler fuzzy logic olarak modellenmistir. Modelde
: duyussal ozellikler, 6grencilerin devamsizliklar ve
70 2 100 61,22 85 ¢ozdiikleri problem sayilan girdi degiskenleri iken
62 1,5 1000 75,55 83 matematik ortalamalar1 ve yansiticl diigtinceleri ¢ikti
degiskenleridir. Bu durumda ti¢ girdili iki ¢iktili model
89 0 850 100 100 Sekil 4’ da gosterilmistir.
38 2 25 45,22 36
80 1 500 85,55 78
62 6,5 141 51,22 79 : CC( zx;oq
79 0 93 80 89 " matematikbasarisi (6)
67 4,5 92 80,11 84 W {mamdani)
81 0 480 92,66 90
84 6,5 280 53,33 87 W :XM
86 2,5 400 87,44 92 S e
98 1 120 97 98 System 110: 3 inputs, 2 cutpuls, 45 rules
74 35 94 6022 68 Sekil 4. Bulanik mantik yaklasimi modelin temel semasi [2]
67 1,5 490 94,66 81 Bulamik mantik modeline kurallar olusturulmus ve

ylizeyler elde edilmistir.
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2

matematikbasarisi
5 E

g

o 0

problemsayisi devamsizik

Sekil 5. Problem pratigi ve devamsizligin matematik
basarisina etkisi [2]

8

]

matematikbasarisi

g8 3

15 . 100
10 . 60
40
devamsizik 0 e duyussalozelikler
Sekil 6. Duyussal o6zellikler ve devamsizligin matematik
basarisina etkisi [2]

-
=

matematikbasarisi

g

0 20

problemsayisi duyussalozellikler

Sekil 7. Duyussal o6zellikler ve problem pratiginin
matematik basarisina etkisi [2]

yansiticidusunce

g s

duyussalozelikler 2 problemsayisi

Sekil 8. Duyussal 6zellikler ve problem pratiginin yansitici
diisiinceye etkisi [2]

120

yansiticidusunce

g

problemsayisi

yansiticidusunce

g 8

=
(=]

g2

80

60
40

duyussalozellikler

devamsizlik
Sekil 9. Devamsizlik ve problem pratiginin yansitici
diisiinceye etkisi [2]

&

15

devamsizlik

Sekil 10. Devamsizlik ve duyussal 6zelliklerin yansitici
distinceye etkisi [2]

Girdi degiskenleri bulanik mantik modeli ile tahmini
olarak sonug¢landirildi. Bu tahmini degerlerle gercek
sonuclarin karsilastirilmasi matematik basarisina ve
yansiticl diislinceye gore ayr1 ayr1 Tablo 2 “ de ifade

edilmistir.

Tablo2.Gergek ve tahmini degerlerin karsilastiriimasi

Matematik Basarisi Yansitic1 Dustince
Gercek Tahmin Gercek | Tahmin
88,33 88 96 97,4
90,77 88 99 97,3
40 34,1 50 51,4
97,33 96,7 93 90
70,55 75,2 97 83,2
84,88 65,1 97 82,7
43,11 25,1 60 60,7
77,44 77,3 88 81,7
38,11 25 75 70
61,22 70,7 85 80,7
75,55 77,2 83 80,8
100 96,7 100 97,4
45,22 25 36 37,9
85,55 78 52 37,9
51,22 39,9 79 59
80 78,4 89 90,2
80,11 73,4 84 80,7
92,66 89,5 90 90,7
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Ogrencilerin gercek verileri ile bulamk mantik
modelinden elde edilen degerler Excel iizerinde R%' de
karsilagtirilarak korelasyonu hesaplanmistir.
Matematik basaris1 benzerlik orani %78, yansitic
diisiince benzerlik orani ise %82 olarak bulunmustur.

121

53,33 42,2 87 79,8
87,44 87,5 92 89,7 120 0.9045x + 2,335
= +

97 96,6 98 97,4 - Y e
60,22 71,2 68 75,1
94,66 96,2 81 80,8 80

60 54,7 54 41,8
92,44 87,9 78 68,2 60

57 65,3 92 79,9

94 89,6 77 80,7 40
99,66 96,7 100 97,4
38,38 66 69 59,1 20
86,22 87,8 51 45,7 0 . . .
89,11 70,5 73 74,6 0 50 100 150
52,22 66,9 84 80,7 - 3 - .
44.55 =2 p 775 Sekil 11. Matematik basarisi regresyon analizi grafigi [2]

81 78,4 91 88,6

63 57,4 66 68,5 120
67,44 54,7 58 60,7 y =0,9165x + 4,6922
76,55 77,3 68 70 100 R:=0,822
92,33 88 40 37,9
45,66 77,2 79 89,5 80
62,33 77,3 76 70 60
52,55 54,7 46 60,8
90,33 89,5 78 90,7 40

96 94,9 98 95,5
86,66 91,1 72 84,1 20

92 87,5 72 70
59,66 54,7 51 37,9 0 - - -
44,66 27,6 56 64,1 0 >0 100 150
36,66 30,8 74 75,7 Sekil 12. Yansitici disiince regresyon analizi grafigi [2]
46,66 46,5 64 69,4 4. Tartigsma ve Sonug¢
94,66 93 86 86,6

Bu calismada 6grencilerin okula devamsizliklarinin,
duyussal ozelliklerinin ve ¢ozdiikleri problem
sayisinin; matematik basarisina ve yansitici diisiince
becerilerine etkisi lizerine arastirma yapilmis, bulanik
mantik  yontemiyle  model  olusturulmustur.
Modellemede giris verileri olarak 50 ortaokul
6grencisinin 1.déonem devamsizliklary, 20 maddelik
“Matematik dersi duyussal o6zellikler” anketinin
puanlar1 toplami, 1.dénem ¢ozdiikleri problem
sayilari; cikis verileri olarak da 1.donem matematik
dersi not ortalamalar1 ve 20 maddelik “Matematik
dersi yansitict diisiince” nin puanlarinin toplami
kullanmilmistir. Giris ve ¢ikis degiskenleri arasindaki
baglantiyr anlayabilmek i¢in bulanik kural tabani
olusturulmustur.

Mamdani tipi ¢ikarim mekanizmasinda kullanilmistir
ve durulastirma isleminden sonra sistem MATLAB
programinda modellenmistir, en yakin degerler elde
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edilmistir. Bulanik mantik modeliyle elde edilen
sonuglarin gercgek verilerle benzerlik orani matematik
basarisinda %78, yansitici diisiince becerisinde %82
olarak bulunmustur.

Yapilan arastirma sonucunda ¢ikan sonuglara gore;
ogrencilerin okula devamsizlig1 arttikca matematik
basarilar1 ve yansitici disiince becerileri diismekte,
duyussal 6zellik dizeyi ve problem ¢ozme sayilari
arttikca matematik basarilar1 ve yansitict diisiince
becerileri artmaktadir. Bu ¢alismayla 6grenciler okula
devamsizlik giinlerini azalttiklarinda, kendilerini her
sartta motive edebildiklerinde ve ders disinda
¢ozdiikleri  problem sayilarim1  artirdiklarinda
matematik dersinde daha basarili olabilmeleri ve
konulari, problemleri kendi diislincelerini katarak
daha 6zgiin ifade edebilmeleri dogrultusunda basaril
sonuclar elde edebilecegi diistintilmektedir.
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Ekler
Ek A. Matematik Dersi Duyugsal Ozellikler Anketi

MATEMATIK DERSI DUYUSSAL OZELLIKLER ANKETI

Adi Soyad:

Sinifi:

Bu anket sizin matematik dersindeki duyussal
ozelliklerinizi 6lgmek icin hazirlanmistir.

Cevaplayacagimiz sorular bilimsel bir arastirmada
kullanilacak ve gizli tutulacaktir. Dikkatlice okuduktan
sonra kendinize uygun olan secgenegi (X) seklinde
isaretleyiniz. Katillminiz i¢in tesekkiir ederim.

~—~
—| N

\.._\_J,_\?
EElZ| T
ol 5| E| 5| @
=5 > S| 5| =
=E E| 2| 2| £
wm B Bl & B w
QO ©f ®©| @© | ©| O
MM oM | M MM

Katiliyorum(5)

1) Matematik dersini
severim.

2)Matematik dersinin
amacin ve katkilarini
diisiindiigiimde
matematik dersine olan
ilgi ve motivasyonum
artar.

3)Matematik
O0gretmenimin derste
motive edici sozler
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soylemesi beni derse
daha ¢ok motive eder.

4)Matematik dersini
anlamadigim
zamanlarda bile pes
etmem ve derse karsi
ilgiliyimdir.

5)Matematigi glinliik
yasamda kullanmak
matematik dersine olan
ilgi ve motivasyonumu
artirir.

6)Sinif arkadaslarimin
matematik dersini
sevmesi ve derse
katilmasi benimde dersi
sevmeme ve Katilmama
katki saglar.

7)Matematik dersini
yapabilecegime
inandigimda dersi daha
¢ok severim.

8) Matematik
6gretmenimin siniftaki
iletisiminin iyi olmasi
derse olan ilgi ve
motivasyonumu artirir.

9) Matematik sinavindan
yliksek not almam derse
olan 6grenme istegimi
artirir.

10)Giinliik yasamda
yasadigim olumsuzluklar
derse olan ilgimi biiytik
oranda etkilemez.

11)Simf arkadaslarimin
matematik dersini
sevmemesi benimde
derse olan 6grenme
istegimi diisiirdr.

12)Matematik dersinden
diistiik not almam derse
olan ilgi ve
motivasyonumu
diistrir.

13)Matematigi
6grenebilecegime dair
kendime inanir ve
glvenirim.

14)Matematik dersinden
sikildigim zamanlarda

123

kendimi motive edici
seyler bulmaya calisirim
ve bulurum.

15)Matematik dersinde
farkh 6gretim
yontemlerinin
kullanilmasi derse olan
0grenme istegimi artirir.

16)Matematik dersinde
0gretmenimin doniit ve
ipucu vermesi derse olan
O0grenme istegi ve
motivasyonumu artirir.

17)Matematik dersine
olumlu tutum
gelistirmek i¢in farkl
yontemler
uygularim.(Motive edici
kitaplar okumak,
icerikler izlemek vb.)

18)Matematik dersinde
materyal kullanimi
(gorsel araglar, video
vb.) matematik dersini
daha ¢ok sevmemi
saglar.

19)Matematik dersinde
bildigim soruyu tahtaya
kalkip ¢6zdiigiimde
derse olan ilgi ve
motivasyonum artar.

20) Matematigi
yapamayacagima
inandigim zamanlarda
motivasyonum diiger.




Ek B. Matematik Dersi Yansitic1 Diisiince Olgme Anketi
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MATEMATIK DERSI YANSITICI DUSUNCE OLCME

ANKETI
Adi Soyadr:

Sinift:

Bu anket sizin matematik dersindeki yansitici
diistince becerinizi 6l¢mek icin hazirlanmistir.
Cevaplayacaginiz sorular bilimsel bir arastirmada

kullanilacak ve gizli tutulacaktir. Dikkatlice
okuduktan sonra kendinize uygun olan segenegi (X)
seklinde isaretleyiniz. Katiliminiz i¢in tesekkiir

ederim.

Kesinlikle

Katilmiyorum(1)

Katilmiyorum(2)

Kararsizim(3)

Katiliyorum(4)

Kesinlikle

Katiliyvorum(5)

1) Matematik dersinde
Ogretmenimin
anlattiklarini kendi
diistincelerimle
yorumlayarak kavrama

caligirim.

2)Matematik dersiyle
ilgili soru ¢dzerken
yaptigim hatalar lizerine
diisiiniir ve baska
¢Ozlimler arastiririm.

3)Anlasilmasi zor bir
problemi mantiksal
sematize ederek ¢ozliime
ulasirim.

4)Matematik dersinde
anlamadigim konulari ya
da problemleri
O0gretmenime sorarak
6grenmeye calisirim.

5)Matematik problemini
yanlis ¢ozdigiimde
nerede hata yaptigimi
kontrol ettikten sonra
¢6zlime ulasamazsam
O0gretmenime ya da sinif
arkadaslarima sorarak
6grenmeye calisirim.

6)Matematik dersinde
anlatilan bir konuyu

daha iyi anlamak i¢in
arastirmalar yaparim.

7)Matematik sinavinda
daha iyi performans
gostermek i¢in son
sinavima nasil ¢calistigimi
ve nasil sonug aldigimi
degerlendiririm.

8) Giinliik hayatta bir
problemle
karsilastigimda
deneyimlerimden
faydalanarak ¢6ziim
yollar1 bulmaya ¢alisirim.

9) Matematik dersinde
konuyu anlattiktan sonra
unutmamak i¢in
konunun iizerinde
calisma yaparim.

10)Matematik
sinavindan sonra yanlis
yaptigim sorularin dogru
cevabini tekrar hata
yapmamak i¢in
O0grenirim.

11)Giinliik hayatta
yapacagim calismalarda
planlama yaparim,
calismay1
gerceklestirdikten sonra
Ustlinde diisiinerek
degerlendirme yaparim.

12)Matematik dersinde
materyal kullanimi
(gorsel araglar, video
vb.) 6grendiklerimi
anlamlandirmama katki
saglar.

13)Matematik
0gretmenimin derste
sorular sormasi konular
arasinda mantiksal
baginti kurmama katki
saglar.

14)Matematik dersine
aktif katilmam
anlatilanlar daha iyi
kavramama katki saglar.

15)Matematik dersinde
farkl 6gretim
yontemlerinin
kullanilmasi bilgiyi kendi
diistincelerimle ifade
etmeme katki saglar.

16)Siftaki grup
¢alismalarinda yanlis
diistindiigiim konu veya
sorularla ilgili
arkadaslarimi dinler ve
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hatalarimi diizeltmeye
calisirim.

17)Matematik dersinde
o0grendigim bilgileri
ezberlemek yerine
mantik stizgecinden
gecirip kavrama
calisirim.

18)Matematik dersiyle
ilgili ¢c6zdigliim bir
problemin daha etkin
bir ¢6ziim yéntemi varsa
0gretmenimden yada
¢6zen arkadaslarimdan
O6grenmeye calisirim.

19)Matematik dersinde
eksik veya yetersiz
oldugum konularda sinif
arkadaslarimdan ya da
0gretmenimden destek
isterim.

20) Ogrenmenin bir
stre¢ oldugunu bilir
daha ileri 6grenmeler
icin calisma ve
degerlendirmeler
yaparim.

MATEMATIK DERSI COZULEN SORU SAYISI:

Siileyman Demirel Universitesi Etik Kurulu’ ndan
08.05.2023 tarihinde E-874332956-050.99-493644
sayilh etik kurul karar1 ile arastirmamizda
kullandigimiz “Matematik Dersi Duyussal 6zellikler”
anketi ve “Matematik Dersi Yansitici Diisiince Olgme”
anketi etik kurallara uygundur. Milli Egitim Bakanlig1
tarafindan alinan izinlerimizle 6grencilere veli izin
belgeleri ve gontlli katilim formu ile bu arastirma igin
anket calismasi gerceklestirilmistir.
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Keywords Abstract: Air pollution has been proven to affect essential metabolic processes in

Biomonitoring, algae and fungus, making lichens susceptible for over 140 years. Air contaminants

Heavy metals, such heavy metals, polycyclic aromatic hydrocarbons (PAHs), and sulfur dioxide

ﬁ.sfzédevernzafurfuracea, (SO2) are collected in lichen thallus to measure air pollution levels. Samples of

Tiligrk‘i?/e Pseudevernia furfuracea (L.) Zopf were collected from a untouched forest zone
(Yaprakli-Cankir1) and transplanted for two three-month periods in 6 stations near
the polluted Nigde provincial center in Turkiye. This research aimed (i) to analyze
the amounts of Cu, Cd, Ni, Pb, Mn, and Zn with help of Inductively Coupled Plasma
Mass Spectrometry (ICP-MS) (ii) to compute the levels of chl-a and chl-b (iii) to
create a pollution map of the city. According to analysis results for P. furfuracea
means of heavy metals; in first period 0.36ug g-1,0,032pg g-1,0,44ug g1, 0,70ug
g1,1,94ug g1,0,2 ug g-1; in second period 0,58ugg-1,0,033ug g-1,0,36ug g1,0,92ug
g1,1,98ug g1 ,0,65pg g1 for Cu, Cd, Ni, Pb, Mn, Zn. Whereas means of control
stations are 0,26 pg g1, 0,028 pg g-1,0,23pg g71,0,52ug g-1,1,90ugg™t, 0,16pgg1! in
1stperiod; 0,36 pg g-1,0,027ug g1,0,29 pg g-1,0,56ug g1,1,96pug g1, 0,58 ug g1 in
2nd period for for Cu, Cd, Ni, Pb, Mn, Zn. The factors that contribute to high heavy
metal levels are as follows: (i) traffic density, (ii) industrial activities, (iii) urban
heating activities. P. furfuracea was an effective bioaccumulator organism for
biomonitoring studies despite the survey's short length.

Transplante Liken Pseudevernia furfuracea (L.) Zopf Kullanilarak Nigde ilinde
(Tiirkiye) Atmosferik Agir Metal Kirliliginin Degerlendirilmesi

Anahtar Kelimeler Ozet: Hava kirliliginin alg ve mantarlardaki temel metabolik siirecleri etkiledigi ve
Biyoizleme, likenleri 140 yili askin siiredir duyarh hale getirdigi kanitlanmistir. Agir metaller,
polisiklik aromatik hidrokarbonlar (PAH'lar) ve siilfiir dioksit (SO2) gibi hava
kirleticileri, hava kirliligi seviyelerini 6lgmek i¢in liken talluslarinda toplanir.
Pseudevernia furfuracea (L.) Zopf 6rnekleri ormanlik bélgeden (Yaprakli-Cankir)
o toplanmis ve li¢ aylik iki donemde Nigde (Turkiye) il merkezine yakin 6 istasyona
Tuarkiye nakledilmigtir. Bu arastirmanin amac (i) Indiiktif Eslesmis Plazma Kiitle
Spektrometresi (ICP-MS) kullanarak Cu, Cd, Ni, Pb, Mn ve Zn konsantrasyonlarini
analiz etmek (ii) klorofil a ve b seviyelerini hesaplamak (iii) sehrin kirlilik
haritasim1 olusturmaktir. P. furfuracea min analiz sonuglarina goére agir metal
ortalamalar Cu, Cd, Ni, Pb, Mn, Zn i¢in; ilk periyotta 0.36ug g-1,0,032pug g-1,0,44ug
g1,0,70ug g1,1,94ug g-1,0,2 pg gt ikinci periyotta 0,58pug g-1,0,033ug g-1,0,36ug
g21,0,92ng g-1,1,98ug g71,0,65ug g1 olmustur. Kontrol istasyonlarinin Cu, Cd, Ni, Pb,
Mn, Zn ortalamalar ise 1. periyotta 0,26 pgg-1,0,028 pg g1, 0,23pg g1,0,52pug
g271,1,90ug g-1,0,16pg g-1'dir; 2. periyotta 0,36 pg g71,0,027ug g-1,0,29 pg g1, 0,56pug
g71,1,96pg g71,0,58 pg g-! bulunmustur. Yiiksek agir metal seviyelerine sebep olan
faktorler soyledir: (i) trafik yogunlugu, (ii) endiistriyel faaliyetler, (iii) kentsel
1sinma faaliyetleri. P. furfuracea, arastirmanin kisa siirmesine ragmen ileri
biyoizleme calismalari i¢in etkili bir biyoakiimiilatér organizma olmustur.

Agir metal,
Pseudevernia furfuracea,
Nigde,
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1. Introduction

The utilization of lichens for the purpose of detecting
and monitoring the chemical compositions of the
atmosphere has been considered very important for a
considerable period of time. This is due to the fact
that their prolonged life cycle enables the acquisition
of long-term information from the ecosystem [1]. The
application of cryptogams, particularly lichens and
mosses, for biomonitoring has been a popular
method in recent years. It has proven to be efficient
in identifying the origins and distribution patterns of
many persistent airborne pollutants, such as heavy
metals, PAHs, dioxins, and furans [2,3,4,5,6,7,8,9].
Contrary to plants, lichens and mosses do not possess
a root system. Instead, they depend on gas
interchanges, sorption of nutrients, and absorption of
contaminants to take place all over their outer layer.
[4,10,11]. However, the practicality of using
cryptogams as bioindicators of PM contamination is
often limited in cases when there are numerous
human activities in a small area or when land use is
diverse [12]. The utilization of nitrogen, carbon,
sulfur, and heavy metal isotope patterns might be
advantageous in this regard. Mass spectrometry
analysis, an exceptionally efficient and accurate
technique, requires just minute amounts of sample
[13,14,15,16,17,18]. Nevertheless, the analyses may
incur significant expenses, making them potentially
unsuitable for large sample collections [9].

Lichens often inhabit many terrestrial environments,
however their occurrence in metropolitan settings is
frequently influenced by human activities. Passive
biomonitoring is rendered useless in such cases and
is substituted by active biomonitoring. A technique
entails the placement of lichen-filled bags inside a
contaminated environment to quantify the extent of
contaminants affecting the specimen.
[19,20,21,22,23,24]. The features of the pre-exposure
lichen material are crucial in the bag method
operation. Due to the material's frequent acquisition
in untouched locations far from known sources of
pollution, most of its components are anticipated to
have a minimal amount of contamination. If there is a
lack of naturally occurring lichens or their growth is
restricted, It is still possible to conduct lichen
biomonitoring by bringing live specimens from a
different area into the target area. Due to insufficient
lichen growth in the research area, it was necessary
to use a transplanting method for conducting air
monitoring. The use of lichen transplants has
numerous advantages, including the ability to utilize
various experimental methodologies and the
capability to measure levels of elements at the
beginning of the monitoring study and during the
exposure period [25].

P. furfuracea is a kind of macrolichen that grows on
acidic bark in a wide area. It is fruticose, meaning it
has a shrub-like growth form, and it prefers moderate
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moisture levels and bright light. This lichen has been
extensively used in numerous biomonitoring studies,
primarily employing the transplant method [39,
58,59,60,61]. This method involves collecting thalli of
suitable species from distant locations and exposing
them in specific areas to analyze the deposition of
trace elements and organic compounds. The lichen is
chosen for its easy accessibility, high resistance to
harmful gaseous contaminants and climatic stressors,
and its capacity to accumulate and store heavy metals
[8,26,27].

P. furfuracea has been widely used in past
transplanting trials. Due to the inadequate
colonization of P. furfuracea in the Nigde urban zone,
the bag technique was employed during the
transplantation operation to assess urban air
pollution at selected sites. The bags utilized in this
method were constructed from a nylon mesh
containing water-rinsed lichens. The risk of
contamination through root absorption was
eliminated as the lichens contained in the bags were
not connected to the soil. The "bag technique" lacks a
precise definition regarding the quantity of lichen
material, length of exposure, relationship to airborne
depositions, and way of the absorption (either
passively through trapping atmospheric particles and
the cation exchange capacity of external binding
points, or actively through biochemical processes in
the plasma membrane and cytoplasm). However, it
offers the benefit of accumulating data that is
collected over the whole period of exposure [8,28].
Any lichen is uniquely adapted to the substrate it
grows on, hence P. furfuracea has established a
suitable environment on P. sylvestris, which will
impact the accumulation of heavy metals.
Furthermore, P. furfuracea has the ability to collect
heavy metals in various substrates, as seen in Table 1
and 3. We transferred samples of P. furfuracea thalli,
together with the tree branches (Pinus sylvestris L.)
they were growing on, from a distant location
(Yaprakh-Biiytiik plateau region) situated at an
elevation approximately 1700 m above sea level, to 6
designated places within our study area. Yaprakli is a
district of Cankir1 and is a clean forested area away
from the city and anthropogenic pollution factors.
Two lichen bags were affixed to tree twigs or poles at
each transplanting site using plastic wires. The
lichens were placed at a height of around 3 meters
above the soil in order to deter destruction and
reduce any natural influence on their capacity to
absorb elements.

The primary goal of this research was to determine
Zn, Cd, Pb, Ni, Mn, Cu accumulation in thallus of P.
furfuracea that was transplanted in the central area
of Nigde. Due to variations in pollution parameters,
geographical position, and climatic conditions in all
regions, the city of Nigde in the Central Anatolia area
of Tirkiye was selected for biomonitoring
atmospheric heavy metal accumulation. This location
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is characterized by high levels of atmospheric
element enrichment due to residential areas, traffic,
and industrial activities. We conducted a detailed
analysis of the quantity of heavy metals present at
each station and investigated the root cause.
Additionally, we generated a pollution map using
data on heavy metal levels, and identified the effect of
heavy metal accumulation on changes in chlorophyll
content.

2. Material and Method
2.1. Study area

The research area is situated in the southeastern part
of the Central Anatolia Region of Tiirkiye and inside
the Cappadocia Region. Its coordinates are between
372 25" and 382 58' N, and 332 10' and 352 25" E, as
shown in Figure 1. At a height of 1,229 meters above
sea level, the area is situated. The land area of this
place measures around 2,223 square kilometers, and
it is inhabited by a population exceeding 99.308
individuals and has number of registered vehicles in
city 41,698 as of 2002 [56,57]. An excel program was
used to generate a temperature-rainfall table using
the temperature-rainfall data obtained from the State
Statistics Institute up to 2002. Nigde experiences the
characteristic continental climate of Central Anatolia,
characterized by a predominance of closed weather
conditions. The summers are characterized by high
temperatures and lack of precipitation, while the
winters are marked by low temperatures and
abundant snowfall. Winter is characterized by
snowfall, whereas rainfall is typically noted in spring.

IS, :mn
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33°10' - 35°25'E

Research Area

(b)
Figure 1. Nigde Province (a) from [29] (b) from [30]

128

Climate diagram of Nigde

NI
-]

—m—Temperature|
—e— Precipitation

n o

Temperature (°C)
Precipitation (mm)

=3

5 v v Ve VIV X X X X
Months

Figure 2. Climate diagram of Nigde Province (2002)

Weathercock of Nigde

N
NNE

NW NE

ENE
m sum of numbers of blows

Wsw ESE

SW SE

SSW SSE

S
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The most industrial establishments of Nigde
province; cement factory, sugar factory, flour
factories, cheese-butter factory, concrete pole factory,
tile-brick factories, automobile spare parts. The
primary sources of possible contamination in Nigde
are: (i) industrial activities, (ii) motor vehicles, (iii)
heating activities, (iv) meteorological factors.
According to the 2020 air quality assessment report
published by the Ministry of Environment,
Urbanisation and Climate Change, air pollution in
Nigde shows seasonal and topographical
characteristics. There is sensed and detected
pollution caused by SO in winter, late autumn and
early spring. The aforementioned situation illustrates
the origin of air pollution in Nigde (in terms of SO2
pollution) is not a pollution caused by industry and
motor vehicles, but an air pollution caused by heating
and meteorological factors. Pollutants from motor
vehicles also have an effect on air pollution. Traffic
density, especially in the morning and evening hours,
adversely affects the air. The industrial branches
operating in Nigde Province vary. Air pollution
caused by industry is mainly caused by wrong site
selection, inappropriate fuel use and discharge of
waste gases to the receiving environment without
adequate technical measures. While the calcite
quarries in the vicinity of the city do not directly
affect residential areas, the particulate matter
produced from the operations of these facilities
adversely affects the air quality of the city [31].

2.2. Collection and assessment of lichen samples

P. furfuracea, which grows on other plants without
harming them, was chosen as a widely applied
indicator of trace elements and PAHs based on
previous studies [6,7,8,26,32]. This lichen is very
prevalent, easily identifiable, capable of withstanding
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stress, resistant to transplantation [7], and has a
tendency to capture particle matter due to the
formation of many finger-like vegetative propagules
called "isidia" [9,33].

Table 1. Geographical positions of stations

Station Location Substrate of Elevation Latitude
no the of see and
specimens level (m) longitude
C1 Cankiri-Yaprakl, N 402 47"
Yaprakli Biiytik Pinus 1750m 600"
Plateau, Dikilitas sylvestris E 33246’
area (control 818"
group)
C2 Cankiri-Yaprakl, N 400 47"
Yaprakli Biiytik Pinus 1750m 600"
Plateau, Dikilitas sylvestris E 33246’
area (control 818"
group)
Nigde- Inoni Populus alba 1320m N 37259’
1 Mah,, Villalar, 748"
38.Sok, No:14 E 342 40'
garden of the 599"
house
Nigde- Siileyman 1320 m N 37258’
2 Fethi Cad, Fraxinus sp. 155"
Rectorate garden E 34239’
906"
Nigde- Selguk 1200 m N 37257
3 Mah., Old Salix sp. 575"
Slaughterhouse E 34240’
Passage, 695"
opposite the
Watchman's hut,
near Niggaz
Nigde- Bor Cad., 1200 m N 37258’
4 opposite Fraxinus sp. 018"
Kardelen E 34240
427"
Nigde-Terminal 1220 m N 37258’
5 Cad., under Fraxinus sp. 271"
Orphanage, E 342471
Cumbhuriyet 021"
Bulvari, Faik
Sahenk
Boulevard
Nigde- Kayseri- Robinia 1270 m N 37257
6 Adana Road pseudoacacia 988"
junction, Hub, E 34942'
Kayseri side, 250"
Regional traffic,
Nigde exit,
Intersection

The pre-transplant samples were obtained from
branches of individual Pinus sylvestris L. trees in the
Yaprakli-Cankir1 forest region at a height of 1750
meters a.s.l. These trees were located far away from
any local sources of pollution in Nigde. The samples
were taken at heights ranging from 1 to 5 meters
above the ground (Table 1). Paper bags were used to
carefully collect the specimen of lichen, which was
accompanied by a twig that served as a support. It
was then brought to the laboratory, where it was
allowed to dry naturally at room temperature for a
period of time. The exposure occurred on July 4t
2002, within one hour of conducting fieldwork. In
order to prevent damage and reduce the impact of
natural variables on the lichens' ability to capture
elements, two lichen bags were firmly fastened to
tree branches or poles with the help of plastic cables.
The bags were positioned at an elevation of around 3
meters above floor at each transplantation site. The
initial sampling from lichen thallus was gathered

129

on October 5, 2002, while the subsequent sampling
was obtained on January 9, 2003. Following
exposure, the samples were transferred to the
laboratory, where the bags were unzipped and left to
dehydrate at ambient temperature. Furthermore,
although we initially had a total of 7 stations, the
sample inexplicably vanished from one of the sites.

2.3. Lichen specimen preparation and heavy
metal determinations

Following the collection of transplanted lichen
specimens, they underwent twice of washing using
regular and distilled water to eliminate any
extraneous materials such as soil particles, sand,
dust, and bark. The samples were dehydrated for a
duration of 24 hours at a temperature of 80°C using
yellow paper bags. This was done to prevent any
microbial decay and to get accurate reference values
for dry weight. The dried samples were pulverized
using a mortar to ensure uniformity and dispersion of
heavy metals.

The glass, plastic, and ceramic materials were soaked
in a solution of detergent and water for an extended
period of time, followed by rinsing with regular water
and then immersion in a 20% concentration of nitric
acid overnight. Subsequently, the glassware was
cleansed using double distilled water and
subsequently subjected to a drying process in a 60 °C
oven for a duration of 12 hours. The standard
treatments and solutions were prepared using a
mixture of 65% w/w nitric acid and 35% w/w
hydrochloric acid (Merck reagent). Nitric acid (HNO3)
is frequently employed for the dissolution of lichen
material. A total of 1 gram of dehydrated lichen
samples were incinerated in a porcelain crucible for a
duration of 24 hours at a temperature of 460°C. The
charred ash samples were placed into a 100 mL
beaker containing a solution of 65% 100 molar
concentration nitric acid (HNOs). The beakers were
heated in a sand bath to facilitate the evaporation and
precipitation of HNOs. After the process of
evaporation, the remaining fraction was transferred
to a centrifuge beaker and the capacity was expanded
to 15 ml using a 1% HNOs solution. After centrifuging
the extract at a speed of 3000 rpm for 20 minutes
(equivalent to 1157 g of relative centrifugal
acceleration), it was transferred to a 25 ml beaker
and then diluted to a final volume of 25 ml using a 1%
HNOs3 solution. The ICP-MS instrument was employed
to assess the concentration of heavy metals in all
samples, including the control station.

2.4. Chlorophyll measurement

5 mL DMSO was administered to the lichen thallus
throughout the extraction procedure to produce
chlorophyll from 20 milligrams of dried lichen
material. The lichen extract-containing tubes were
then held in the dark at 65 °C for 40 minutes before
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being allowed to achieve ambient temperature.
Whatman no 3 filtration paper was employed to filter
lichen extracts. The UV-Spectrophotometer was
regulated at 750 nm. The samples' absorbance ranges
were estimated at 665 and 648 nm. The calculations
were done using DMSO, 100% (pure solvent)
(DMSO=Dimethyl sulphoxide (for synthesis) 99%
purity, Merck 8.02912). Chlorophyll content was
calculated according to equations (1), (2) and (3) of
[34]

Chlorophyll-a = 14.85A665- 5.14A648 (1)
Chlorophyll-b = 25.48A648- 7.36A665 (2)
Chlorophyll (a+b) = 7.49A665 + 20.34A6%  (3)

3. Results
3.1. Element contents of the lichen transplants

Clean samples obtained from the Yaprakli-Cankiri
forests region and exposed near the Nigde city center
revealed a significant accumulation of heavy metals.
Table 2 displays the average levels of heavy metal
contents in the 1st and 2n exposure periods and in
terms of these means, there is a positive correlation
between each element and the control station in 1st
and 2 periods.

Table 2. Mean values of heavy metals contents in 1st and
2nd exposure periods (pug g-!) and correlation of these
averages between each element and the control station in
the 1stand 2nd periods.

Periods | Cu Cd Ni Pb Mn Zn
Control 1 0,26 | 0,028 | 0,23 | 0,52 | 1,90 | 0,16
stations 2 0,36 | 0,027 | 0,29 | 0,56 | 196 | 0,58
Exposure | 1 036 | 0,032 | 0,44 | 0,70 | 1,94 [ 0,2
stations 2 0,58 | 0,033 | 0,36 | 092 | 198 | 0,65
08 o 0,035 e
06 P 0,033 -
04 - 0,0325 .
02 0032 e
0 v 0,0315 .
o 01 02 03 o04 0,0265 0,027 0,0275 0,028 0,0285
Cu cd
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19 08
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193 4 0
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According to analysis results for P. furfuracea means
of heavy metals; in first period 0.36 pg g1, 0,032 pg
g1 044 ug gt 0,70 pg g, 1,94 ug g, 0,2 ug g°%; in
second period 0,58 pg g1, 0,033 pug g4, 0,36 pg g1
,092 ugg1,1,98 uggt, 0,65 ug g1 for Cu, Cd, Ni, Pb,

Mn, Zn. Whereas means of control stations are; in 1st
period 0,26 pg g1, 0,028 pg g4, 0,23 pg g71,0,52 pg
g1,1,90 ug g%, 0,16 pg g1; in 2nd period 0,36 pg g4,
0,027 pg g71,0,29 pg g1, 0,56 ug g4, 1,96 ug g1, 0,58
pg gt for for Cu, Cd, Ni, Pb, Mn, Zn (Table 3). Figure 4
illustrates the air pollution maps created based on
the heavy metal data at the exposure stations.

Table 3. Heavy metal contents of clean and exposed P.
furfuracea lichen samples analysis for each stations (ug g-1)

Stations | Periods Cu Cd Ni Pb Mn Zn

C1* 1 028423 | 002621 | 0.27508 | 0.51637 | 1.89763 | 0.15076
2 038909 | 0.02757 | 0.28306 | 0.55338 | 194752 | 057671
2% 1 025191 | 003153 | 0.20229 | 0.52883 | 191850 | 0.18884
2 034413 | 002832 | 031485 | 0.56882 | 1.98790 | 058973

1 1
031401 | 002208 | 096226 | 0,63504 | 246733 | 023323
2 028011 | 002564 | 0,59925 | 0,56602 | 2,09254 | 049185

2 1
032159 | 002212 | 032397 | 048804 | 166188 | 0,16847
2 023505 | 002847 | 028212 | 048029 | 149659 | 0,60287

3 1
025080 | 003316 | 0,27445 | 053006 | 148448 | 0,16700
2 043639 | 004568 | 030920 | 0,88345 | 196096 | 029325

4 1
039251 | 003098 | 056249 | 0,69905 | 224653 | 022314
2 047377 | 003424 | 030434 | 083700 | 180414 | 090077

5 1
041504 | 002629 | 0,29624 | 0,88979 | 199383 | 034427
2 0,60392 | 003162 | 031500 | 096374 | 197278 | 055663

6 1
047260 | 005773 | 024648 | 097326 | 182779 | 038721
2 1,48957 | 0,03296 | 040016 | 1580854 | 258594 | 1,06657
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Pb- 1st period

Pb - 2nd period
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Periods Chl-a Chl-b Chla+b
1 6,381 1,527 7,908

Control
stations 2 7,072 2,024 9,097
1 3,378 0,665 4,043

Exposure
stations 2 3,174 1,312 4,486

Mn- 1st period Mn - 2nd period

Zn- 1st period Zn-2nd period

Figure 4. Nigde pollution maps categorized by heavy metal
concentrations

3.2. Chlorophyll contents

The average amount of chlorophyll of the lichen
specimens transplanted to the city center of Nigde
exhibited a notable decline throughout the first and
second periods, as compared to the specimens
collected from the forest region of Yaprakli-Cankiri.
Within this particular framework, there exists a
statistically significant association between pollution
and a reduction in chlorophyll concentration (Table
4).

Table 4. Average concentrations of Chl(a), Chl(b), chl(a+b)
in micrograms per milliliter (pg/ml)and correlation
between exposure and control stations.
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Chlorophyll contents of Chl-a, Chl-b, Chl-a+b also Chl-
a/b and Chl-b/a ratios in 1st and 2" periods are given

Chl(a/b)-1st period Chl(a/b)-2nd period

in Table 5. Especially Chl-a, at 4t station in 1st period
and at 5thstation in 274 period shows min value. Chl-b
at all exposure stations in 1st period shows values
that are almost close but surprisingly in 2dperiod at
4th station shows max value. The chlorophyll maps of
lichens exposed to pollution at the stations are
presented in Figures 5 and 6.

Table 5. Chl(a), Chl(b) and Chl(a+b) contents (pug/ml) and

Stations | Periods | Chl-a Chl-b Chla+b Chla/b Chib/a
c1* 1
7.7827 1.945 9.7277 5.0007 0312
2 9.252 3.013 12.265 4.5167 03337
c2* 1 02017
4.9797 1.109 6.0887 57143
2 4.8937 1.036 5.9297 5.9523 0.1983
1 1
3,59 0,494 4,084 7,267 0,138
2 4,004 0,492 4,496 8,138 0,250
2 1
3,565 0,549 4114 6,494 0,154
2 4,521 0,58 5,101 7,795 0128
3 1
4,234 0,608 4,842 6,964 0,144
2 1,898 0,596 2,494 3,185 0314
4 1
2,291 1,295 3,586 1,769 0,565
2 5,286 52 10,486 1,017 0,984
5 1
3,244 0,548 3,792 592 0,169
2 0,727 0373 11 1,949 0,513
6 1
3,348 0,496 3,844 6,75 0,148
2 2,612 0,631 3,243 4,139 0,242
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Chl (a/b), Chl (b/a) ratios for each stations

Chl(a)-2nd period

Chl(b)-2nd period

i i 1
Chl(a+b)-1st period Chl(a+b)-2nd period.

Figure 5. Nigde pollution maps based on chl(a), Chl(b), and
chl(a+b) concentrations.

= .
’ 2 :’\ ‘ i
Chl(b/a)-1st period Chl(b/a)-2nd period

Figure 6. Nigde pollution maps based on chlorophyll a/b
and b/a ratio
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4. Discussion and Conclusion

The highest Cu contents were 0,60 pg g-1 at 5t station
in 2nd period and lowest 0,250 pg g-tat 3t station in
1st period. When Cu contents are analysed, it is
observed that there are significantly high values in
the 2nd periods of the 34, 4th, 5th and 6t stations. The
3rd station being close to gas station (NigGas) and
motor vehicle traffic and urban winter heating
activities, and the 4, 5th, and 6t stations being close
to motor vehicle traffic and urban winter heating
activities support this increase in Cu values. Similar
findings for Cu hadbeen reported by
[35,36,37,38,39].

As stated in a study [40], plants from uncontaminated
locations exhibit 0.01-0.3 pg gt Cd. Cd value ranges at
exposure stations vary between 0.02 and 0.05. The
highest Cd value was recorded at station 6 in the 1st
period. Cd values at other stations did not show a
significant variation compared to control stations.
The fact that 6t station is located on a high traffic
route supports that Cd is associated with motor
vehicle exhaust gas [41].

The maximum Ni value was found in the 1st and 2nd
periods of the 1st station, as well as the 1st period of
the 4th station, while the lowest Ni value was found in
the 1t period of the 6% station. Seasonal
winter heating activities (coal) and vehicular
traffic are two variables that contribute to elevated Ni
levels [42]. The authorized limit value for Ni in plants,
as determined by the FAO/WHO, is 5 pg gt [43]. In
this investigation, the average Ni content was 0.40 pg
g1l. The average Ni content observed in the current
research is lower than that found in [39,44,45]
investigations. The quantity is below the acceptable
Ni concentration for plants.

While the 1st and 20d periods of the 4t, 5t and 6th
stations and the 2" period of the 3rd station showed
considerably higher Pb values than the control
stations, the other stations showed relatively similar
values. As shown from Table 2, the average Pb value
of the control station in the 15t and 2»d periods was
0.52 pg g1-0.56 pg g! and the mean of the exposure
stations was 0.70 pg g1-0.92 pg g'1. Equivalent results
were made by [46] with Flavoparmelia caperata (L.)
Hale, by [37], [47], [48], [49] with P. furfuracea. The
contribution of gasoline to Pb concentrations in the
atmosphere is decreasing, however coal and gasoline
combustion remain the primary producers of harmful
chemicals in the environment [49]. The pollution of
Pb is connected to the release of pollutants from
vehicles and the burning of gasoline [42]. [50]
examined the existence of heavy metals in a small
number of samples and discovered that automobiles
released significant levels of Pb and Cu. The
measurements of Pb accumulation clearly reveal Pb
contamination at stations 4, 5, and 6, which may be
identified to motor vehicles sources.

132

Table 3 shows that Mn values were high in 15t and 2nd
periods of 1st and 5t stations, in 1st period of 4th
station and in 2" period of 6t station. The emissions
from vehicles caused considerable bioaccumulation
at these stations. In contrast to the control station,
fewer metrics were assessed at the 2nd and 3
stations. 1st and 2n period Mn average of exposure
stations is 1.96 pg g1, whereas the average of the
control stations is 1.93 pg g-1. The mean Mn content
observed is lower than the Mn content reported in
[38,44,45] research.

The Zn level of lichen specimens proved to be related
to road traffic. Based on research, the primary
sources of Zn pollution include petroleum, fuel oils,
composting, and metal alloys. The elevated levels of
zinc in areas such as industry, urban roads, urban
sites, urban parks, and shanty settlements indicate
the influence of high traffic intesity and the wearing
of car tires [37,51]. At exposure sitations, highest Zn
value was measured in the 2md period of the 6t
station (1,06 ug g1), 4th sations, which were related to
traffic and the lowest value was measured in the 1st
period of the 2rd and 3rd stations (0,16 pg g'1). Similar
results were found by [52] and [47].

Photosynthetic pigment levels may be readily
quantified and are commonly employed to evaluate
the impact of metal toxicity on plants and lichens.
Heavy metals are believed to impact enzymes
responsible for regulating chlorophyll production,
hence inhibiting the productivity of chlorophyll
pigments. The study [53] revealed that Zn decreased
photosynthetic pigments by replacement of Fe, which
is essential for the synthesis of chlorophyll. At 4thand
6th stations, this situation was observed for Zn. Based
on reference [54], the presence of Cu has resulted in a
decrease in chlorophyll levels. At the 5t and 6t
stations, this situation was observed for Cu. The
degradation of chlorophyll in plant cells is induced by
the buildup of heavy metals. In a study [63], the
concentrations of Cu at 100 and 200umol-L-1 had no
significant impact on the levels of Chl a, Chl b, Chl a +
b, and Chl a/b. However, when the concentrations
were raised to 400 and 800umol-L-1, there was a
substantial drop in the levels of Chl a, Chl b, and Chl a
+ b. Zn caused a substantial drop in the levels of
chlorophyll a (Chl a), total chlorophyll (Chl a + b), and
the ratio of Chl a to Chl b in the treated plants.
However, this effect was seen only at a dosage of
800pumol-L-1. Zinc had no significant impact on the
content of chlorophyll b (Chl b).

Heavy metal presence owing to heating and vehicle
traffic (especially at 3rd,4th 5th 6th stations) is related
with reduced chlorophyll content in lichen thallus, as
seen in Table 5. The chl(a+b) decline map confirmed
that the photosynthetic pigments had totally
degenerated, providing evidence for this outcome.
The chl(a/b) maps indicated that chl(a) was more
adversely afflicted by air pollution compared to
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chlorophyll b. Furthermore, the pollution resulted in
a reduction in photosynthetic pigments, as
anticipated. The accuracy of the finding was further
confirmed by the examination of the chlorophyll b/a
maps. The variations in the amounts and ratios of
chlorophyll a and b might potentially be caused by
environmental stressors, such as pollution. The level
of chlorophyll in lichen thallus is often correlated
with environmental adversity, exhibiting higher
chlorophyll content in stressful settings compared to
non-stressful situations [55]. Furthermore, [55]
observed that the positioning of the station did not
impact the amount of chlorophyll present in the
lichen thalli. Further inquiry is necessary to establish
the correlation between these alterations and factors
such as contaminants, climatic conditions, seasons,
the amount of light, and the lichen organism itself.

From chemical point of view, heavy metal contents of
lichen tallus exposed to pollution for 6 months at 3-
month intervals are expected to increase. The
findings of the present investigation suggest that the
accumulation of metals in lichens is significantly
affected by the location of the station and the
duration of exposure. This survey found that heavy
metal concentrations of P. furfuracea in Nigde was
higher than at the control station and suggests that P.
furfuracea is a species that effectively collects heavy
metals in lichen-bags that are exposed in urban areas.

Before the start of our biomonitoring research, we
underline the importance of how the amount of
elements in tallus of lichen samples with low
elemental content, taken from natural flora away
from pollution factors, may react to heavy metals
after transplantation to polluted areas. This will
assist us in improving the quality of the
bioaccumulation data, allowing us to enhance the
accuracy of interpretations of our findings in future
studies.
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Anahtar Kelimeler Ozet: Bu calismada, Tiirkiye istatistik Kurumunun yiiriittigi ‘Yasam Memnuniyeti
Tek degerli nétrosofik kiime,  Aragtirmas’ kapsaminda yer alan, yas gruplarina ve yillara gore degisiklik
Bulanik mantik, gosteren mutluluk diizeyinin belirlenmesi problemine uygulanan, Nétrosofik Critic

Critic metodu,
Waspas metodu,
Cok kriterli karar verme

ve Notrosofik Waspas adli yeni bir¢ok kriterli karar verme yontemi
onerilmektedir. Onerilen yéntem, iyi bilinen Waspas yonteminin temel adimlarim
izler, ancak 6znitelik degerlerinin tek degerli notrosofik kiimeler kullanilarak ifade
edilmesi bakimindan klasik durumdan farkhidir. Ayrica, se¢im Kkriterlerinin
agirliklarinin belirlenmesi karar vericinin insiyatifine birakilmamakta, bunun
yerine iyi bilinen critic yonteminin temel adimlar1 kullanilmaktadir. Sunulan
mutluluk diizeyi belirleme probleminde, alternatifler, 2003-2022 yillar1 ve
kriterler, 18-65+ yas arasi bireylerdir. Bu makalede amag, 2003 yilindan
gliniimiize kadar her yil, belirlenen yas gruplarinda mutluluk diizeyi 6l¢iimiinij,
yaygin olarak kullanilan entegre bir¢ok kriterli karar verme modeli ile tek degerli
notrosofik kiimeler alanina genisletmektir. Boylece, 6znitelik degerleri daha biyiik
bir belirsizlik kiimesiyle basa ¢ikabilir. Nétrosofik kiime teorisinin ifade giictinden
yararlanarak onerilen yaklasim, karar vericiye, yeterli ve kesin bilgi eksikligi, algi
farkliliklari, dil degiskenleri ve kisisel goriisler gibi c¢esitli nedenlerden
kaynaklanan belirsizlikleri yonetebilecek modeller gelistirmesine yardimci
olacaktir.

On an Application of Happiness Level Determination Based on Neutrosophic Critic and
Neutrophic Waspas Integrated Method in Multi-Criteria Decision Making

Keywords Abstract: This study proposes a new multi-criteria decision-making method called
Single valued neutrosophic Neutrosophic Critic and Neutrosophic Waspas, applied to the problem of
set, ] determining the level of happiness, which varies by age groups and years within
Fuzzy logic,

the scope of the 'Life Satisfaction Survey' conducted by the Turkish Statistical
Institute. The proposed method follows the basic steps of the well-known Waspas
method but differs from the classical case in expressing attribute values using
single-valued neutrosophic sets. Additionally, the determination of the weights of
selection criteria is not left to the discretion of the decision-maker; instead, the
basic steps of the well-known critic method are used. In the presented happiness
level determination problem, the alternatives are individuals aged 18-65+ for the
years 2003-2022, and the criteria are chosen. The aim of this article is to extend
the measurement of happiness levels in the specified age groups each year from
2003 to the present, using a widely used integrated multi-criteria decision-making
model to the domain of single-valued neutrosophic sets. Thus, the approach
enables dealing with attribute values with a larger uncertainty set. By leveraging
the expressive power of neutrosophic set theory, the proposed approach will assist
the decision-maker in developing models that can handle uncertainties arising
from various reasons, such as insufficient and precise information, perceptual
differences, language variables, and personal opinions.

Critic method,
Waspas method,
Multicriteria decision making
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1. Giris

Felsefe alaninda ileri siirilen tim gorislerle
dogrudan ilgi kurabilen bir kavram olan mutluluk,
farkli yonleriyle dikkat ¢eken disiplinler arasi bir
konudur. Bireylerin yasam standartlarina ya da i¢ine
dogduklar1 toplumun deger yargilarina bagh olarak
degiskenlik gosterdigi diisiiniilse de temelde 6znellik
iceren bir olgudur. 1940’larin ikinci yarisindan
itibaren baslayan mutluluk diizeyi 6l¢iim calismalari,
veri toplama yontemiyle gerceklestirilmis, c¢ikan
sonuclar lizerinden belli bir kanaat olusturulmaya
calisiimistir. Kapsamli bir veri tabani 6rnegi olan
“World Data Base of Happiness” ve siireli yayinlar
arasinda yer alan “Journal of Happiness Studies”
kisisel memnuniyet ve mutluluk konusunda basvuru
kaynagi olarak nitelendirilebilir. Bu konuda
Tiirkiye’de de pek ¢ok resmi ¢alismaya yer verilmis
ve istatistiksel olarak mutluluk konusunda ilk resmi
arastirma  Tiirkiye Istatistik Kurumu (TUIK)
tarafindan “Yasam Memnuniyeti Arastirmasi (YMA)"
adiyla 2003 yilinda gergeklestirilmistir. O tarihten bu
yana uygulanan veri toplama calismasi, her sene
sistematik bicimde yapilmaktadir. Kapsami gayet
genis tutulan bu tirlii bir calismayla Tiirkiye'de
yasayan bireylerin kisisel mutlulukla ilgili goriisleri,
icinde bulunduklar1 toplumun genel durumu,
barinma, beslenme, saglik, bireysel giivenlik, sosyal
guvenlik, egitim, ulasim, ¢alisma hayat1 ve kazang
diizeyi, kiiltiirel faaliyetler gibi temel gereksinimler
baz alinarak yasam memnuniyetleri ve mutluluk
diizeyleri  Olgiilmekte ve zamanla meydana
gelebilecek degisimler gdzlenmektedir.

kullanilan  veriler
Memnuniyeti Arastirmasi 2021 [1] den
faydalanilmistir.  Ulkemizde bireylerin mutluluk
diizeyi ve yasam memnuniyeti konusunda istatistiki
veriler olustururken karsimiza bir¢ok degerlendirme
kriteri ve alternatifi ¢ikmaktadir. Bunlardan bazilar
sunlardir: yillar itibariyle mutluluk dizeyi, yas
grubuna goére mutluluk dilzeyi, cinsiyete gore
mutluluk diizeyi, evli olan bireylerin mutluluk diizeyi,
evli olmayan bireylerin mutluluk diizeyi, hanedeki
kisi sayisina gore bireylerin hanehalki gelirinden
memnuniyeti, isteki ~durumuna goére isten
memnuniyeti, cinsiyete gore yasam memnuniyeti
diizeyi, saglik durumundan memnuniyet diizeyi, isten
elde edilen kazangtan memnuniyet, komsuluk
iliskilerinden memnuniyet, akraba iliskilerinden
memnuniyet, arkadas iliskilerinden memnuniyet,
evlilikten duyulan memnuniyet, kamu hizmetlerinden
memnuniyet. Bu kadar fazla kriter ve alternatifi
degerlendirirken, en iyi ¢oziimii tasarlamak i¢in ¢ok
amagch karar verme yontemleri ve en iyi alternatifi
se¢mek i¢in ¢ok nitelikli karar verme ydntemlerini
kullanmak daha iyi olacaktir. Bunlarin her birinin
incelenmesi ayr1 bir makale konusu olabilir. Bu
yluzden bu ¢alisma, yillar itibariyle yas grubuna goére
mutluluk  diizeyini belirleme ve ayrn ayn
siniflandirarak inceleme ¢alismasi olacaktir. Burada

Bu c¢alismada icin, Yasam
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sonlu sayida alternatif ve birden ¢ok Kkriter
olacagindan ¢ok kriterli karar verme yontemi
uygulamak en dogru yaklasim olacaktir. Bu ¢alisma,
Notrosofik  kiime teorisinin ifade giiciinden
yararlanarak yapilacagindan klasik yontemle yapilan
calismalardan farkli ve orjinal olacaktir. Net kiimeler
veya geleneksel bulanik kiimeler tarafindan dayatilan
belirlemelerin kesinlikten yoksun oldugu ve saglanan
bilginin yetersiz oldugu durumlarda nétrosofik kiime
alternatif bir ¢dziim sunar. Burada, 2003-2022 yillar1
arasinda yas gruplarina goére mutluluk dizeyini

belirlerken kararsiz olanlar da goz Oniinde
bulundurularak noétrosofik kiime teorisi
kullanilmaktadir. Se¢im kriterlerinin agirhiklarini

belirlemek i¢in nétrosofik critic yontemi kullanilirken
en mutlu yas grubunu belirlemek i¢in nétrosofik
waspas yontemi kullanilmaktadir. Zadeh [2], bir
elemanin bir kiimeye ait olup olmadigini bulmak igin
iiyelik derecesini kullanir. x elemany, iiyelik derecesi
sifir (0) ise A kiimesine ait degildir, 1 ise tam tiyedir,
0 ile 1 arasinda ise kismi tuyedir. Aralik degerli
bulanik kiimeler, bulanik kiimelerin 6zel bir tiiridur.
Belirsizlik oldugunda kesin bir degerle tanimlamak
zordur. Bu durum, Tirksen [3] tarafindan aralik
degerli bulanik kiimeler kullanilarak ¢ozilmiistir.
Sezgisel bulanik kiime, geleneksel bulanik kiime
araciligiyla, belirsiz bir kavramini tanimlamak igin
mevcut bilginin yetersiz oldugu durumlarda bulanik
kiimeyi tanimlamak i¢in alternatif bir yaklasimdir [4].
Sezgisel bulanik kiime teorisi, ilk olarak Zadeh
tarafindan onerilen ve daha sonra Atanassov [5]
tarafindan gelistirilen, bulanik kiime teorisinin bir
genellemesidir.  Atanassov, Zadeh  tarafindan
gelistirilen klasik bulanik kiime teorisinin dogru
oldugunu ancak gercek hayatta her zaman dogru
cevabl1 vermeyecegini belirtmektedir. Bir bulanik
kiimede, bir elemanin kiimeye ait olma derecesi,1- ait
olmama derecesidir. Boylece ait olma ve olmama
derecelerinin toplami 1 olur. Ancak bu yaklasim, ait
olma ve olmama derecelerinin toplami birden az
olabildigi gercek hayat uygulamalarinda belirsizlikle
bas etmede etkili bir yontem degildir. Sezgisel
bulanik kiime teorisinde, iiyelik ve {iye olmama
derecesine ek olarak bir tereddiitliik indeksi vardir.
Tereddiitliik indeksi, herhangi bir elemanin kiimeye
ait olup olmadigi konusundaki tereddiitliik derecesini
gosterir. Tereddiitliik derecesi, bir uzmanin belirli bir
konudaki kararsizligini veya bilgi eksikligini yansitir.
Tereddiitliik derecesi kiiciik ise o eleman hakkindaki
bilgiler nispeten dogrudur, biiyiik ise bilgiler nispeten
belirsizdir, deger sifira esit oldugunda en kesindir. Bu
durumda sezgisel bulanik kiime bulanik kiime olur.
Atanassov’a gore bir elemanin insan deneyimine gore
belirlenen gercek iiyelik degeri her zaman kesin
olmayabilir. Bu nedenle, karar verme hatalarini en
aza indirmek icin Uglnclii bir parametreye yani
tereddiitliik derecesine ihtiyag¢ vardir. Liu ve Liao [6],
Yu ve Liao [7] sirasiyla bulanik karar iizerine
bibliyometrik analiz ve IFS ¢alismalar1 iizerine bir
bilimsel 6lciim yiiriittiller. Uyelik degerlerinin
dogrulugu ve yanhishg lizerindeki baz1 kisitlamalar
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nedeniyle, bulanik kiimeler ve uzantilar1 yalnizca
belirsiz bilgileri isleyebilir, gercekte var olabilecek
kararsiz ve tutarsiz bilgileri isleyemez. Bu tiir bilgiler,
belirsizligin agikca 6l¢iildiigii ve dogruluk, belirsizlik
ve yanlislik lyeliginin birbirinden bagimsiz oldugu
notrosofik kiime (NS) tarafindan iyi yonetilir.
Notrosofik kiime, kararsiz ve tutarsiz bilgilerle basa
¢ikmak icin daha makul bir matematiksel cerceve
saglar. Son on yilda, ndtrosofik kiime ve aralik degerli
notrosofik kiime kavramlari ¢cok cesitli alanlarda
etkin bir sekilde kullanilmistir. Bunlar, tibbi teshis,
veri tabani, topoloji, goriintii isleme ve karar verme
gibi alanlardir [8, 9, 10, 11, 12]. Smarandache ilk
olarak notrosofi kavramini, notrlerin kokenini,
dogasini ve kapsamini inceleyen bir felsefe dali
olarak tanmitmistir [13, 14, 15, 16]. Notrosofik kiime;
klasik kiime, bulanik kiime, aralik degerli bulanik
kiime, sezgisel bulanik kiime, aralik degerli sezgisel
bulanik kiime, ¢eliskili kiime, diyalektik kiime,
paradoksal kiime ve totolojik kiime kavramlarini
genellestiren 6nemli bir aractir [14]. Notrosofik kiime
yaklasiminda bir olgu, T+I+F toplaminin 1 olmasi
gerekmeyen dogruluk(T), belirsizlik (I) ve yanlishk
(F) olmak iizere ii¢ lyelik degeriyle temsil edilebilir
[17]. Bu deger 1 e esit, 1 den kiigiik veya 1 den biiyiik
olabilir. 1 den kiiciik eksik bilgi, 1 e esit tam bilgi, 1
den biiylik celigkili bilgi anlamina gelir. Notrosofik
kiimeler ¢ok Kkriterli karar verme problemlerinde
zaten kullanilmaktadir. Wang, tek degerli nétrosofik
kiimeleri dnermistir [18,19]. Tek degerli nétrosofik
kiimenin entropi o6l¢iimi Majumdar ve Samant
tarafindan tanitilmistir [20]. Bulanik kiimelerin
¢apraz entropisinin bir uzantisi olarak Ye, tek degerli
notrosofik  kiimenin c¢apraz entropi o6l¢limiini
tanimlamistir [11] ve onerilen tek degerli noétrosofik
capraz entropiye dayali ¢ok kriterli karar verme
yontemini sunmustur. Ye [12] ayrica, basitlestirilmis
notrosofik kiimeler kavramini tanitmistir ve toplama
operatorlerini kullanan bir ¢ok kriterli karar verme
yontemi Onermistir. Peng ve arkadaslar1 [21]
basitlestirilmis noétrosofik sayilarin bazi islemlerini
tanimlamis ve sezgisel bulanik sayilarin ilgili
arastirmasini kullanarak bir karsilagtirma yontemi
gelistirmislerdir. Zhang ve arkadaslar1 [22] sezgisel
notrosofik kiimeler iizerinde bazi yeni islemler
tanimlayarak aralik degerli nétrosofik sayilar igin
toplama islemleri gelistirmislerdir. Broumi ve
Smarandache [8] sezgisel notrosofik kiimelerin
korelasyon katsayisini tartismislardir. Bu calismada,
onceki c¢alismalardan farkli olarak tek degerli
noétrosofik kiimelerle tutarli bir sekilde ¢alisabilen
Waspas ve Critic adhh iki popiler yontem
birlestirilmistir. Bu yaklasim, nitel ve nicel 6zellikler
icin ayr1 karar matrisleri yerine tek bir karar matrisi
kullanilmasina izin vermektedir. Bu makale asagidaki
gibi yapilandirilmistir: Bo6lim 2, orjinal Critic ve
Waspas yontemlerinin adimlarini Kkisaca agiklar.
Bolim 3, notrosofik karsiliklar1 ayrintili olarak
aciklamaktadir. Boliim 4, ayrintili bir vaka ¢alismasi
sunar. Son olarak, boliim 5, sonuglar1 icermektedir.
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2. Materyal ve Metot

Waspas ve Critic yontemleri oOnerilen yontemin
temelini olusturmaktadir. Her iki yontemin ayrintil
formiilasyonlari, bu ¢alismada bagh kalinacak olan
[23]'te goriilmektedir.

2.1. Waspas

Agirlikh  Toplam Uriin Degerlendirmesi (WASPAS)
yontemi, 2012'de Zavadskas, Turskis, Antucheviciene
ve Zakarevicius tarafindan tanitilmistir [24-27]. Bu
yontem, Agirlikli Toplam Modeli (WSM) ve Agirlikh
Carpim Modelinin (WPM) bir kombinasyonudur
[28]. Boylece, her ozelligin goreceli 6nemi basitce
belirlenir ve ardindan alternatifler degerlendirilir ve
onceliklendirilir. Waspas yonteminin o6zellikleri su

sekildedir [23]:

. Telafi edici bir yontem olarak kabul edilir;

. Nitelikler bagimsizdir;

. Niteliksel nitelikler niceliksel niteliklere
dontstirilir.

Metodun girdi bilgisi, karar vericiden alinan bilgilere
dayanan alternatifler ve nitelikler matrisi cinsinden
ifade edilir. Waspas yonteminin adimlar1 su sekilde
Ozetlenebilir :

Adim1: Farkh alternatiflerin farkli kriterler altinda

performanslarini  gosteren X  karar  matrisi
olusturulur. Karar matrisi, Esitlik (1) de
gosterilmistir.
M b hn
X = ril ij rin [1)
i M. i - Ton i
i=1...m j=1..n

Karar matrisi X te i. alternatifin j. kriter altindaki
performansi i gosterilmektedir.
Adim2: Karar matrisi normalize edilir.

Maksimizasyon ve minimizasyon tipindeki kriterler
sirasiyla Esitlik (2) ve Esitlik (3) ile normalize edilir.

I..
r-=—1> ;o i=l,...m, j=1,..,n 2
i Tk 0 J (2)
. mingo -
= ;o 1=1...,m, J=1..0n (3)

f

Bu esitliklerde i. alternatifin j. kriter altindaki

normalize edilmis performans degeri, I‘ij* ile

gosterilmistir.
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Adim3: Denklem (4), her bir alternatifin agirlikh
normalize edilmis verilerindeki toplam goreceli
Onemini belirlemek icin kullanilir.

Qi(l) :Zrij W ; i=1,....m (4)
=1

Burada W; , j. kriter agirhgim ifade eder. Denklem (5)

ise her alternatifin agirlikli normallestirilmis
verilerinin ¢arpimsal goreli dnemini belirlemek i¢in
kullanilir.

Q®=[1x)" ; istm O
j=1

Adim4: Adim3’te verilen WSM ve WPM yontemlerine
gore hesaplanan alternatiflerin toplam goreli
o6nemleri, Esitlik (6) ile genellestirilebilir:

Q =i(Qi““Qi“’)%[iﬁf-wj +1”T(nf)”] LiELm (6)

Ek olarak, denklem (6) daki siralama dogrulugunu
artirmak icin denklem (7) 6nerilir:

Q :ﬂzn:nj*.wj+(1—/1)ﬁ(rij*)wi ;i=l..m, 2€[01]  (7)

A=0 ve A=1 olarak alindiginda Waspas yontemi,
sirasiyla WPM ve WSM yontemlerine doniismektedir.
Burada A degerinin se¢imi, karar vericiye baghdir.

Adim5: Waspas yonteminde alternatiflerin

siralanmasi, Qi degerleri dikkate alinarak

yapimaktadir. En yiliksek Qi degerine sahip

alternatif, en iyi alternatif olarak secilmektedir.
2.2. Critic

Diakoulaki ve arkadaslari tarafindan gelistirilen Critic
yontemi, kriterlerin objektif agirliklarini bulmak igin
kullanilir. Bu yontem, karar vericinin agikca ifade
ettigi ~ gorlise  ihtiyag duymadan  dogrudan
kullanilabilir.  Bu  ydntemde  objektif  kriter
agirliklarin elde etmek icin karar matrisi kullanilarak
birbiri ile c¢elismedigi varsayilan o6zellikler ve
ozelliklerin agirliklar1 belirlenir. Kriter agirliklar
belirlenirken hem kriterin standart sapmasi hem de
kriterler arasindaki korelasyon dikkate alinir, bu
nedenle bu yontem standart sapmasi1 yiliksek ve
digerleri ile diisiik korelasyona sahip kriterlere daha
yuksek agirlik verir. Baska bir deyisle, daha yiiksek
deger, kriterin goreceli Oneminin karar verme
problemi icin daha yiiksek oldugu anlamina gelir.
Critic yonteminin tim asamalar1 [23] de ayrintili
olarak ele alinmistir.

Tablo 1. Bazi nétrosofik kiime teorik iglemleri

3. Notrosofik waspas ve critic metodlar:

Onerilen yontem, Notrosofik Critic ve Notrosofik
Waspas yontemleri olarak adlandirilan iki paralel
yontemin bir kombinasyonudur. Bu yontemler, tek
degerli notrosofik kiimeler kullanmalari bakimindan
geleneksel benzerlerinden farkhidir. Asagida once
notrosofik sayilar kisaca tanimlanmakta ve ardindan
bunlarin Waspas ve Critic yontemlerinde kullanildig1
mekanizmalar verilmektedir.

3.1. Tek degerli nétrosofik kiimeler: 6n
hazirhiklar

Klasik kiimeler, bir elemanin kiimeye ait olup
olmadiginin mutlak degerlerle ifade edildigi kesin
onermelere sahiptir. Yetersiz ve kesin bilgi, algi
farkliliklari,  dilsel  degiskenler ve  subjektif
gorislerden kaynaklanan belirsizlikleri incelemek
icin gesitli teoriler gelistirilmistir. Bu teorilerden biri
de notrosofik kiime teorisidir. Notrosofik kiime
teorisi, aralik degerli bulanik kiime teorisi, sezgisel
bulanik kiime teorisi ve aralik degerli sezgisel bulanik
kiime teorisi dahil olmak tizere diger bulanik kiime
teorilerini daha genis ve daha esnek bir yapida
kapsar. Notrosofik kiime teorisi, 1995 yilinda
Smarandache tarafindan, mevcut bilgilerin karisikliga
ve tutarsizliga neden oldugu durumlarda belirsizlik
problemlerini modellemek icin gelistirilmistir.
Notrosofik  kiime teorisi, dogruluk, yanlislk,
belirsizlik olmak tizere ii¢ bagimsiz islevi kullanir.
Asagida tek degerli nétrosofik kiimelerin tanimlari,
ozellikleri ve islemleri kisaca agiklanmistir.

Tanim 3.1.1[13]: X bir nesneler uzayi olsun ve x € X
tarafindan retilsin. A € X kiimesinde dogruluk
iiyelik fonksiyonu T, , belirsizlik tiyelik fonksiyonu I, ,
yanlishik tiyelik fonksiyonu F, olarak tanimlanir. Her
x € X igin T, (x), I, (x), F4(x) € [0,1] dir. Yani,

Tp: X - [0,1]
Ii: X - [0,1]
Fp: X - [0,1]

biciminde ifade edilir. Bu degerlerin toplamlarinda
herhangi bir kisitlama bulunmamaktadir.

Baz1 noétrosofik kiime islemleri asagidaki Tablo 1 de
verilmistir.

islem Dogruluk

Belirsizlik

Yanhshk

Tiimleyen
c(A)

Teea (x) = F4(x)

IC(A)(x) =1-1L(x)

Feea (x) = Ty(x)
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I(f‘emll;A c Ty (x) < Ty (x) Li(x) < Iz(x) Fy(x) = Fp(x)
Jirlesim 1) = max(Tu0 o) Le() = max(1400, 15(0) Fe((e) = min(Fy (), F ()
Kesisim .

C=ANB To(x) = min(T,(x), Tz (x)) Ic(x) = max(I,(x), Iz (x)) F(x) = max(F,(x), Fp (x))
cONg Te0) = min(Ty00,Fp() 160 = min(L(0), 1= 1500)  Fox) = max(Fy(0, Tp ()

3.2. Notrosofik waspas

Yaklasim asagidaki acgilardan standart yontemden
farklidir:

1) Problemdeki her 6znitelik degerine ait (T,LF)
tglileri elde etmek icin dilsel bicimde dizinlenmis
iclii tablolar olusturulur.

2) (T,LF) tgliileri belirlendikten sonra karar
matrisi sadece T ( dogruluk) degerlerinden, sadece I
(belirsizlik) degerlerinden ve sadece F (yanlishk)
degerlerinden olusan bir matris olmak flizere ii¢
matrise ayrilir. Clinkii nétrosofik kiimeler teorisi bu

degerlerin birbirinden bagimsiz oldugunu
belirtmektedir.
3) Bu {gliiniin sonuglarini birlestirmek igin,

literatiirde ozellikle notrosofik kiimeler i¢in dnerilen
[T+(1-F)+(1-D)]/3 skor fonksiyonu kullanilir.

4) Standart Waspas  yonteminde  Kriter
agirliklarinin belirlenmesi agik¢a belirtilmemis olup
kullanicinin  takdirine  birakilmistir.  Dogrudan
uzmandan veya Critic gibi bu amag i¢in tasarlanmis
bir yontemle elde edilebilirler.

3.3. Notrosofik critic

Son zamanlarda, orjinal Critic yonteminin Kriterler
arasindaki celigkili iligkileri diizgiin bir sekilde
yakalama konusunda bir eksikligi oldugu iddia
edilmektedir. Bu nedenle orjinal Critic yontemiyle
hesaplanan agirliklarin gegerliligi tartisilabilir. Critic
yontemi icin literatiirde oOnerilen iyilestirmeler
genellikle yalmizca kullandiklar1 veri normallestirme
tekniklerinde farklilik gosterir. Bu ¢alismada, Critic
yonteminin yalnmizca sayisal degerlerle degil, ayni
zamanda Boolean, kesin degerli, aralik degerli veya
eksik degerler icerebilecek ozniteliklerle de
kullanilabilmesi icin tek degerli ndtrosofik kiimeler
kullanilmistir.

4. Vaka analizi
Bu calisma, Tiirkiye Istatistik kurumunun yiirittigi

‘Yasam Memnuniyeti Arastirmasi 2021’ kapsaminda
yer alan, yas gruplarina ve yillara gore degisiklik

gosteren mutluluk diizeyinin belirlenmesi
problemine uygulanan Nétrosofik Critic ve Notrosofik
Waspas yonteminin entegre bir uygulamasi

hakkindadir. Calisma, 20 alternatif ve 6 kriterden
olusmaktadir. Alternatifler; 2003 (A1), 2004 (A2),
2005 (A3), 2006 (A4), 2007 (A5), 2008 (A6), 2009
(A7), 2010 (A8), 2011(A9), 2012 (A10), 2013 (A11),
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2014 (A12), 2015 (A13), 2016 (A14), 2017 (Al5),
2018 (A16), 2019 (A17), 2020 (A18), 2021 (A19),
2022 (A20) seklinde belirtilmistir. Bu alternatifler
icin kriterler; yas gruplar1: 18-24 (C1), 25-34 (C2),
35-44 (C3), 45-54 (C4), 55-64 (C5), 65+ (C6) olarak
belirtilmistir. Onerilen yéntem asagidaki adimlarla
ilerlemektedir:

Adim1: Notrosofik  kiime  degerleri (T,LF)
iclilerinden olusmaktadir. Bu yilizden bu kimede
calisilirken her biri igin ayr1 ayr1 karar matrisleri
olusturulup ayr1 sonuglar bulunarak, bu sonuclar tek
bir skor fonksiyonunda birlestirilir. Bu anlamda
klasik yontemden farklidir. Bu sebeple, ilk olarak,
orjinal TUIK verilerindeki her bir éznitelik degeri
(T,LF) dugliileri seklinde ifade edilerek nétrosofik
karar matrisi olusturulmustur. Orjinal durumda
veriler; mutlu, ne mutlu ne mutsuz, mutsuz biciminde
kategorize edilmistir. Bunu noétrosofik {gliilere
dontstiiriirken; Mutlu-Dogruluk iyelik derecesi (T),
Ne Mutlu Ne Mutsuz -Belirsizlik tyelik derecesi (),
Mutsuz-Yanlishik iiyelik derecesi (F) olarak alinmistir.
Orjinal istatistik verileri yiizde olarak verilmistir.

Nétrosofik ~ kiime [0,1] araligindaki  sayilardan
olustugundan, bir takim islemlerle tiim degerler
01

olusturulmus ve Tablo 2 de sunulmustur.

aralifina tasinarak noétrosofik degerler

Adim2: Notrosofik Critic yontemi adimlari, dogruluk
iiyelik derecesi (T) i¢in ayri, belirsizlik tyelik
derecesi (I) i¢in ayri, yanliglik liyelik derecesi (F) icin
ayr1 uygulanarak her bir kriterin énem agirliklari
belirlenmis ve bu o6nem agirliklar1 bir sonraki
siralama yodnteminde kullanilmak tizere Tablo 3 te
verilmistir.

Adim3: Kriterlerin 6nem agirliklar1 belirlendikten
sonra bu agirliklardan faydalanarak Notrosofik
Waspas yontemine gecilmistir. Notrosofik waspas
yontemindeki adimlar takip edilerek, (T,LF) tugliist
icin ayr1 ayr siralamalar yapilmis ve yillara gore yas
gruplarimi mutluluk diizeyi hesaplanarak Tablo 4,
Tablo 5, Tablo 6 da sunulmustur.

Adim4: Son asamada, islemlerde ayr1 ayn
kullandigimiz  dogruluk iyelik degerleri (T),
belirsizlik tiyelik degerleri (I) ve yanlishk iyelik
degerleri (F) , skor fonksiyonu ile birlestirilerek
hesaplamalar yapilmis ve mutluluk diizeyine gore
siralamalar olusturulmustur. Tablo 7 de sunulmustur.
Burada 1 en mutlu yas grubunu, 6 ise en mutsuz yas
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grubunu temsil
gruplart ayr1 ayr1 alinarak kendi icinde en mutlu

etmektedir.

Ayni

zamanda yas

siralanmistir. Bu degerler Tablo 8, Tablo 9, Tablo 10,
Tablo 11, Tablo 12, Tablo 13 de verilmistir.

olduklar1 yildan en mutsuz olduklarn yila dogru

Tablo 2. Notrosofik karar matrisi

Alternatif/Kriter 18-24 25-34 35-44 45-54 55-64 65+
2003 (0.571,0.351,0.780)  (0.599,0.339,0.061) (0.614,0.300,0.0869 (0.605,0.330,0.064) (0.598,0.329,0.073) (0.576,0.347,0.078)
2004 (0.609,0.279,0.112) (0.568,0.314,0.119) (0.575,0.306,0.119) (0.574,0.304,0.122) (0.566,0.281,0.153) (0.605,0.274,0.121)
2005 (0.624,0.265,0.111) (0.556,0.316,0.128) (0.543,0.312,0.145) (0.566,0.303,0.131) (0.617,0.260,0.123) (0.596,0.277,0.127)
2006 (0.620,0.272,0.108) (0.573,0.313,0.114) (0.560,0.304,0.136) (0.559,0.328,0.114) (0.589,0.304,0.107) (0.579,0.283,0.138)
2007 (0.656,0.237,0.107) (0.614,0.287,0.100) (0.562,0.318,0.120) (0.572,0.322,0.105) (0.617,0.275,0.109) 0.600,0.262,0.138)
2008 (0.591,0.283,0.126) (0.557,0.318,0.125) (0.529,0.323,0.148) (0.517,0.325,0.157) (0.569,0.284,0.147) (0.616,0.244,0.140)
2009 (0.574,0.315,0.111) (0.559,0.314,0.127) (0.535,0.332,0.133) (0.513,0.310,0.177) (0.520,0.292,0.188) (0.543,0.278,0.179)
2010 (0.639,0.265,0.096) (0.644,0.263,0.093) (0.575,0.312,0.113) (0.589,0.292,0.118) (0.613,0.278,0.109) (0.600,0.271,0.129)
2011 (0.695,0.250,0.054) (0.620,0.281,0.099) (0.607,0.303,0.091) (0.597,0.286,0.117) 0.623,0.264,0.113) (0.578,0.286,0.135)
2012 (0.646,0.260,0.094) (0.656,0.273,0.071) (0.585,0.302,0.113) (0.555,0.321,0.124) (0.593,0.290,0.117) (0.603,0.287,0.111)
2013 (0.651,0.268,0.081) (0.603,0.309,0.088) (0.551,0.338,0.111) (0.545,0.332,0.124) (0.582,0.289,0.130) (0.634,0.236,0.130)
2014 (0.612,0.304,0.084) (0.579,0.329,0.092) (0.521,0.360,0.119) (0.515,0.327,0.158) (0.548,0.313,0.140) (0.628,0.246,0.126)
2015 (0.638,0.284,0.078) (0.586,0.319,0.095) (0.542,0.340,0.118) (0.517,0.347,0.137) (0.551,0.307,0.142) (0.568,0.307,0.124)
2016 (0.651,0.263,0.086) (0.620,0.287,0.093) (0.582,0.308,0.109) (0.583,0.307,0.109) (0.623,0.249,0.128) (0.645,0.250,0.105)
2017 (0.613,0.299,0.088) (0.586,0.319,0.095) (0.559,0.333,0.109) (0.531,0.330,0.139) (0.562,0.310,0.128) (0.661,0.229,0.110)
2018 (0.554,0.351,0.095) (0.532,0.364,0.104) (0.507,0.369,0.123) 0.478,0.364,0.157) (0.557,0.318,0.126) (0.612,0.268,0.120)
2019 (0.567,0.338,0.096) (0.520,0.343,0.137) (0.506,0.372,0.122) (0.497,0.357,0.146) (0.487,0.355,0.158) (0.585,0.292,0.122)
2020 (0.471,0.386,0.1429 (0.468,0.381,0.151) (0.454,0.394,0.152) (0.462,0.385,0.153) (0.490,0.365,0.145) (0.577,0.304,0.118)
2021 (0.445,0.351,0.204)  (0.466,0.364,0.171) (0.502,0.335,0.163) (0.488,0.339,0.173) (0.509,0.337,0.154) (0.562,0.308,0.130)
2022 (0.479,0.364,0.157)  (0.468,0.366,0.166) 0.479,0.357,0.163)  (0.480,0.357,0.163) (0.525,0.317,0.158) (0.577,0.286,0.137)

Tablo 3.Kriterlerin 6nem agirliklar:

WT 0,105370352 0,098557878 0,149249469 0,157247657 0,109095536 0,380479108
WI 0,078475135 0,103805927 0,230217046 0,125646123 0,077221019 0,38463475
WF 0,053257186 0,101188365 0,105399106 0,129512262 0,129587558 0,16094358

Tablo 4. Dogruluk iiyelik derecesine (T) gére mutluluk diizeyi

Qi 18-24 25-34 35-44 45-54 55-64 65+

2003 0,533 0,541 0,575 0,579 0,550 0,640
2004 0,539 0,536 0,565 0,570 0,544 0,658
2005 0,542 0,534 0,557 0,568 0,553 0,652
2006 0,541 0,536 0,561 0,566 0,549 0,642
2007 0,547 0,543 0,562 0,570 0,553 0,655
2008 0,536 0,534 0,553 0,555 0,545 0,664
2009 0,534 0,534 0,555 0,554 0,536 0,620
2010 0,544 0,547 0,565 0,574 0,553 0,655
2011 0,553 0,544 0,573 0,577 0,555 0,641
2012 0,545 0,549 0,568 0,565 0,549 0,656
2013 0,546 0,541 0,559 0,563 0,547 0,675
2014 0,540 0,537 0,551 0,554 0,541 0,671
2015 0,544 0,538 0,557 0,555 0,542 0,635
2016 0,546 0,544 0,567 0,573 0,555 0,681
2017 0,540 0,538 0,561 0,559 0,544 0,690
2018 0,530 0,530 0,548 0,544 0,543 0,662
2019 0,532 0,528 0,547 0,549 0,529 0,646
2020 0,516 0,519 0,533 0,539 0,530 0,641
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2021 0,511 0,518 0,546 0,547 0,534 0,632
2022 0,517 0,519 0,540 0,545 0,537 0,641

Tablo 5. Belirsizlik tiyelik derecesine (I) gore mutluluk diizeyi

Qi 18-24 25-34 35-44 45-54 55-64 65+

2003 0,532 0,540 0,557 0,544 0,531 0,692
2004 0,516 0,533 0,561 0,535 0,520 0,608
2005 0,512 0,533 0,565 0,535 0,515 0,612
2006 0,514 0,533 0,560 0,544 0,525 0,619
2007 0,505 0,525 0,569 0,541 0,518 0,594
2008 0,517 0,534 0,572 0,543 0,520 0,572
2009 0,524 0,533 0,578 0,537 0,522 0,613
2010 0,512 0,517 0,565 0,531 0,519 0,605
2011 0,511 0,523 0,559 0,528 0,516 0,623
2012 0,511 0,520 0,559 0,541 0,522 0,624
2013 0,513 0,531 0,581 0,545 0,522 0,562
2014 0,522 0,537 0,595 0,543 0,527 0,574
2015 0,517 0,534 0,583 0,550 0,526 0,647
2016 0,512 0,525 0,562 0,536 0,512 0,579
2017 0,520 0,534 0,578 0,544 0,527 0,553
2018 0,532 0,547 0,600 0,556 0,528 0,601
2019 0,529 0,541 0,602 0,554 0,536 0,630
2020 0,539 0,552 0,615 0,563 0,539 0,644
2021 0,532 0,547 0,580 0,547 0,533 0,648
2022 0,535 0,548 0,593 0,554 0,528 0,623

Tablo 6. Yanlislik liyelik derecesine (F) gore mutluluk diizeyi

Ql 18-24 25-34 35-44 45-54 55-64 65+

2003 0,527 0,469 0,495 0,462 0,467 0,472
2004 0,455 0,517 0,522 0,521 0,540 0,524
2005 0,454 0,523 0,541 0,529 0,516 0,530
2006 0,454 0,514 0,535 0,514 0,502 0,542
2007 0,453 0,503 0,523 0,506 0,503 0,542
2008 0,458 0,521 0,543 0,550 0,535 0,544
2009 0,454 0,523 0,532 0,565 0,565 0,580
2010 0,450 0,498 0,518 0,518 0,503 0,532
2011 0,436 0,502 0,500 0,517 0,507 0,538
2012 0,450 0,478 0,518 0,523 0,511 0,513
2013 0,446 0,494 0,516 0,523 0,521 0,533
2014 0,447 0,497 0,522 0,551 0,530 0,529
2015 0,445 0,499 0,521 0,534 0,531 0,527
2016 0,448 0,498 0,514 0,509 0,520 0,506
2017 0,448 0,499 0,514 0,535 0,520 0,512
2018 0,450 0,506 0,525 0,550 0,518 0,523
2019 0,450 0,529 0,524 0,541 0,543 0,525
2020 0,462 0,538 0,545 0,547 0,533 0,521
2021 0,472 0,551 0,553 0,562 0,540 0,533
2022 0,464 0,548 0,553 0,554 0,543 0,541
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Tablo 7. Mutluluk diizeyi siralamasi
Siralama  18-24 25-34 35-44 45-54 55-64 65+
2003
2004
2005
2006
2007
2008
2009
2010
2011
2012
2013
2014
2015
2016
2017
2018
2019
2020
2021
2022

ROR R R R NN R R R R R R R R R Rl Oy
U1 U1 U1 W D W U N W WM D NN D W
OO UTONUTOYNOYONOY O D
A D D U1 U W U UTUT W WU W WA W
W N WUl WA A WA R BN WD WNNDNON
W NNDNRRUUINDNDWOO UL OND T WN Ul

N

25-34
2012 0,516879
2010 0,510960
2003 0,510619
2016 0,507188
2011 0,506228
2013 0,505431
2007 0,505033
2015 0,501644
2017 0,501644
2014 0,501099
2006 0,496751
2004 0,495195
2009 0,492861
2008 0,492813
2005 0,492273
2018 0,492096
2019 0,485666
2020 0,476154
2022 0,474465
2021 0,473539

Tablo 8. 18-24 yas aras1 yillara gore mutluluk diizeyi
siralamasi

18-24
2011 0,535320
2007 0,529308
2013 0,528945
2016 0,528825
2012 0,528016
2015 0,527315
2010 0,527049
2005 0,524929
2006 0,524401
2017 0,523758
2014 0,523735
2004 0,522915
2008 0,520520
2009 0,518318
2019 0,517569
2018 0,516007
2022 0,505977
2020 0,504905

2021 0,502109 Tablo 10. 35-44 yas arasi yillara gére mutluluk
2003 0,491482 diizeyi siralamasi

35-44
2003 0,50739
2011 0,504701

Tablo 9. 25-34 yas arasi yillara gore mutluluk diizeyi
siralamasi
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2012
2016
2010
2004
2007
2017
2006
2013
2015
2005
2009
2008
2014
2018
2019
2021
2022
2020

0,497123
0,496618
0,494139
0,493904
0,489998
0,489404
0,488961
0,487167
0,484197
0,483719
0,481595
0,479500
0,478052
0,474024
0,473584
0,471322
0,464751
0,457522

Tablo 11. 45-54 yas arasi yillara gore mutluluk

diizeyi siralamasi

45-54

2003 0,524224
2011 0,510499
2016 0,509113
2010 0,508758
2007 0,507595
2004 0,504795
2006  0,502965
2005 0,501637
2012 0,500486
2013 0,498294
2017 0,49305

2015 0,490346
2008 0,487582
2014 0,486904
2019 0,48491

2009 0,483984
2018 0,479438
2021 0,479201
2022 0,478883
2020 0,47661

Tablo 12. 55-64 yas arasi yillara gére mutluluk

diizeyi siralamasi
5. Sonuglar

Glnlik yasamda, olaylarin belirsiz, kararsiz ve
tutarsiz oldugu durumlarla Kkarsilasilir. Bir olayi
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55-64
2003 0,517282
2011 0,510649
2007 0,510584
2010 0,510106
2005 0,507758
2016 0,507647
2006 0,507237
2012 0,505614
2013 0,501386
2017 0,499091
2018 0,498732
2008 0,496492
2004 0,495021
2015 0,494889
2014 0,494771
2022 0,488428
2021 0,486924
2020 0,485979
2019 0,483196
2009 0,482876

Tablo 13. 65+ yas arasi yillara gore mutluluk diizeyi
siralamasi

65+
2017 0,541807
2016 0,531869
2013 0,526449
2014 0,522515
2008 0,516204
2018 0,512559
2004 0,508423
2012 0,506545
2007 0,506357
2010 0,505813
2005 0,503327
2019 0,497003
2006 0,493797
2011 0,493431
2022 0,492553
2020 0,49219
2003 0,491817
2015 0,487081
2021 0,483389
2009 0,475519

anlatirken veya bir durum hakkinda karar verirken,
genellikle olasi, olasi degil, orta, tatmin edici, zayif vb.
kesin olmayan ifadeler kullanilir. Bulanik kiime
teorisi, bu tiir kesin olmayan dilsel ifadelerle ilgilenen
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ve insan mantigina daha yakin kabul edilen bir
yaklasimdir. Ancak geleneksel bulamk kiime
teorisinde belirsizlik faktorii yoktur. Bu nedenle,
gercek diinyada var olan eksik ve tutarsiz bilgilerden
kaynaklanan ¢esitli belirsizlik bigimlerini temsil
etmek ve ek yetenekler saglamak i¢in nétrosofik
kiime kavrami tanitilmistir. Notrosofik kiime teorisi,
karar vericinin, yeterli ve kesin bilgi eksikligi, algi
farkliliklari, dil degiskenleri ve kisisel goriisler gibi

cesitli nedenlerden kaynaklanan belirsizlikleri
yonetebilecek modeller gelistirmesine yardimci
oldugundan ifade giicii yiliksektir. Karar verme

problemlerinde bu anlamda kullanilmasi, daha dogru
siralamalar ve seg¢imler yapilmasina yardimci
olmaktadir. Bu calismada da mutlu olup olmadigi
yoniinde cevabi net olmayan, kararsiz kalan bireyler
mevcut oldugundan, nétrosofik kiime degerleriyle
karar verme yoOntemlerinin entegre edilerek
kullanilmas1 daha dogru sonuglar elde edilmesini
saglamistir. Notrosofik Critic ile kriterlerin 6nem
agirliklar karar vericiye birakilmamakta ve objektif
sonuglar elde edilmektedir. Notrosofik Waspas ise
agirlikh biitiinlestirilmis fonksiyonu optimize ederek
tahminde yiiksek tutarliliga ulasmay1 saglayan bir
yontem olmustur. Bu entegre yontemlerin sonucunda

verilen tablolardan da yararlanarak asagidaki
yorumlar yapilabilir:
1) Tablo 7 deki genel siralamaya bakildiginda

2003-2022 yillar1 arasinda en mutlu yas grubu 18-24
yas arasl olurken en mutsuz yas grubu 35-44 yas
arasi olarak belirlenmistir. Arada az da olsa farklilik
gosteren yillar Tablo da agikca goriilmektedir.

2) Baska bir bakis acisiyla, her yas grubu i¢in
kendi icinde en mutlu olunan yillar siralamasi
yapilmak istendiginde su sonuglar ortaya ¢ikmistir:

a) 18-24 yas arast:
A9>A5>A11>A14>A10>A13>A8>A3>A4>A15>A12>
A2>A6>A7>A17>A16>A20>A18>A19>A1

Boylece bu yas grubunun, diger yillarla
kiyaslandiginda en mutlu oldugu yil 2011 yilidir. En
mutsuz oldugu y1l 2003 y1li olmustur.

b) 25-34 yas arast:
A10>A8>A1>A14>A9>A11>A5>A13>A15>A12>A4>
A2>A7>A6>A3>A16>A17>A18>A20>A19

Boylece bu yas grubunun, diger yillarla
kiyaslandiginda en mutlu oldugu yil 2012 yilidir. En
mutsuz oldugu y1l 2021 y1ili olmustur.

) 35-44 yas arast:
A1>A9>A10>A14>A8>A2>A5>A15>A4>A11>A13>A
3>A7>A6>A12>A16>A17>A19>A20>A18

Bdylece bu yas grubunun, diger yillarla
kiyaslandiginda en mutlu oldugu yil 2003 yilidir. En
mutsuz oldugu y1l 2020 y1ili olmustur.

d) 45-54 yas arast:
A1>A9>A14>A8>A5>A2>A4>A3>A10>A11>A15>A1
3>A6>A12>A17>A7>A16>A19>A20>A18

Boylece bu yas grubunun, diger yillarla
kiyaslandiginda en mutlu oldugu y1l 2003 yilidir. En
mutsuz oldugu y1l 2020 y1ili olmustur.

e) 55-64 yas arast:
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A1>A9>A5>A8>A3>A14>A4>A10>A11>A15>A16>A
6>A2>A13>A12>A20>A19>A18>A17>A7

Boylece bu yas grubunun, diger yillarla
kiyaslandiginda en mutlu oldugu yil 2003 yilidir. En
mutsuz oldugu y1l 2009 y1li olmustur.

f) 65+ yas grubu:
A15>A14>A11>A12>A6>A16>A2>A10>A5>A8>A3>
A17>A4>A9>A20>A18>A1>A13>A19>A7

Boylece bu yas grubunun, diger yillarla
kiyaslandiginda en mutlu oldugu yil 2017 yilidir. En
mutsuz oldugu y1l 2009 y1li olmustur.
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Bu c¢alismada, “Yiiksekogretim Kurumlar: Bilimsel
Arastirma ve Yayin Etigi Yonergesi” kapsaminda
uyulmast gerekli tiim kurallara uyuldugunu, bahsi
gegen yénergenin “Bilimsel Arastirma ve Yayin Etigine
Aykirt Eylemler” bagligi altinda belirtilen eylemlerden
higcbirinin gerceklestirilmedigini taahhiit ederim.
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Keywords Abstract: The woven fabric production can be executed in the weaving machine by
E- glass fiber, the using of different mechanisms, which are working simultaneously. Because of
Weaving technology, the weaving mechanisms, the yarn has under tension and changed between the
Degradation, determined range within the repetitive cycles. The mechanisms and unsteady
Friction, tension cause to damage on the yarns in the woven fabric production process. The
Strength breakable fibers like carbon or glass are more sensitive to degrade in the weaving

machine because of their low friction resistance in comparison with the traditional
fibers. The several of studies had been carried out to determine the tension of yarns
and their damage mechanisms in the weaving process. However, they focused on
the damage evolutions of warp yarns in the weaving process. In addition to the warp
yarns, the damage evolution of weft yarns was investigated for industrial production
in this study. The prevalent weft tensioning systems were evaluated, and the spring
yarn tensioning system shown the best performance. Moreover, the yarn- to-
machinery part type of friction was determined as the main reason to degrade warp
yarns in the industrial production of glass woven fabric.

Dokuma isleminin E- Cam iplikler Uzerinde Hasar Olusumuna Etkilerinin incelenmesi

Anahtar Kelimeler Ozet: Dokuma makinesinde kumas olusumu farkli mekanizmalarin es zamanh
E- cam liff, calismasi ile saglanmaktadir. Dokuma mekanizmalarindan dolay: iplik belirli bir
Dokuma teknolojisi, gerginlik altindadir ve bu durum bir ¢evrim halinde devam etmektedir. Kullanilan
Afln{na, mekanizmalar ve sabit olmayan gerginlik dokuma islemi sirasinda iplige zarar
Siirtiinme, - . . . s
Mukavemet V_erebllmektedlr. D.u§uk agmma dayanimi gosteren cam ya da karbon gibi kirilgan
lifler geleneksel liflere gore hasar olusumuna karsi daha yatkindirlar. Dokuma
isleminde iplik gerginliginin ve hasar mekanizmalarinin belirlenmesi iizerine birgok
calisma yapilmistir. Bu duruma karsin c¢alismalarda genellikle ¢ozgl iplikleri
iizerinde olusan hasar incelenmistir. Yapilan bu c¢alismada endiistriyel tretim
sirasinda ¢ozgi ipliklerinin yani sira atki iplikleri tzerinde olusan hasar
arastirllmistir. Endiistride yaygin olarak kullanilan atki gerginlik sistemleri
incelenmis, yayl iplik gerdirici sistem en iyi performansi géstermistir. Elde edilen
bu sonucun yani sira endiistriyel cam dokuma kumas iiretiminde iplik- makine
aksami arasinda olusan siirtiinmenin ¢6zgii iplikleri iizerinde hasara yol agan
baslica neden oldugu belirlenmistir.
1. Introduction Due to the different mechanisms of weaving machine,
the yarn tension is changed in the weaving process.
The shedding, picking, and beating are constituted the Accordingly, the yarn tension is a substantial point in
three essential processes to obtain woven fabric. In the weaving because it should be kept within the
addition, the let- off warp yarn and the take- up of determined range. If the type of raw material, the
fabric are other significant processes to provide structural properties of yarn and woven fabric, the
continuity in the weaving. setting of weaving machine are not well optimized, the

damages on the yarn and finally break off can be

*Corresponding author: mehmet.korkmaz@deu.edu.tr

148


https://orcid.org/0000-0001-7000-0653
https://orcid.org/0000-0002-9364-5929

M. KORKMAZ et al. / The Effects of Weaving Process on the Damage Formation of the E- Glass Yarns

occurred. The studies [1 - 3] had been executed about
the yarn tension in the weaving process.

The weaving of breakable fibers like carbon or glass
are more complicated than traditional fibers. Although
they have high strength and stiffness values in their
main axis, they show low friction resistance because of
their breakable structure. Therefore, the weaving
processes of breakable yarns should be specialized
according to their friction sensitive nature. Otherwise,
the weaving processes can seriously degrade them.

Because of the degradation, the fibrillation is begun on
the yarn then it is broken if the yarn is exposed a
greater number of weaving cycles at the same
conditions. The breakage of warp yarn directly
reduces the productivity of weaving process and
increase the number of defects on the fabric.
Moreover, the yarn’s all strength cannot be
transferred to the fabric or its composite due to the
degradation.

Rudov- Clark et al. [4] carried out a study to
investigate the degree of degradation on the breakable
fibers owing to the weaving process. E- glass yarn was
used as raw material, and the tensile strengths of yarn
groups (binding warp, stuffer warp and weft) were
measured at different stages of weaving. The weaving
process severely damaged the warp yarns, the stuffer
and binding warp yarns lost 30% and 50% of their
strength in the weaving process, respectively. Lee et al.
[5] examined the degradation on the carbon yarn in
the weaving process. In addition, single yarn
composites were produced and the effect of yarn
degradation on the composite mechanics was
analyzed in the study. The friction, which is between
yarn and machinery part, was determined as main
factor for yarn degradation. The carbon yarn lost 12%
of its strength due to the weaving process. The wear-
resistance material was recommended to cover
machinery parts to reduce the yarn degradation.
Moreover, only severely damaged yarns caused the
loss of composite tensile strength. Abu Obaid et al. [6]
indicated the fiber breakage as one of main factors to
cause degradation on the yarn in the weaving process
as well as the friction. The E- glass yarn was used as
the binding warp yarn, and it was the most damaged
among all yarn groups. Owing to the bending and
tension variations, the yarn lost %29- 35 of its
strength. The hybridization of yarn groups was
suggested as a solution to minimize the degradation of
binding warp yarn.

The yarn damage varied in the different stages of
weaving process. Nauman et al. [7] studied on the
shedding mechanism and concluded that it is main
operation to degrade the yarn. The carbon yarn lost
%42 of its tensile strength in the weaving process.
Boussu et al. [8] investigated the kinematics of
weaving process to clarify damage mechanism of yarn.
Different weaving steps were monitored globally and
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locally with high-speed camera and in-situ sensors,
which were made from e-glass yarn. The shed opening
and reed beat-up mechanisms were confirmed to give
the maximum damage on the yarn in weaving process.
Decrette et al. [9] focused on the shed opening step in
the weaving process to evaluate the damage, which
was occur on the yarn. The close shed profile and yarn
shedding speed were determined as significant
parameters to reduce the degradation on the yarn in
the weaving process. Leng et al. [10] developed
kinematical model for heald frame to analyze the
effects of shedding process on the yarn damage. It was
determined that the friction between the yarn and
heddle eye not only related with the size parameters
of shedding mechanism but also related with the
acceleration. Afterward, the acceleration was
optimized to determine the derived curve trajectory of
heald frames. Therefore, the lower number of fiber
breakage could be obtained. Besette et al. [11]
examined the contact forces, which were between
warp yarns, were investigated in the weaving process
as well as the tension variation on the yarn. The
contact forces had peak values in shed opening, reed
beat-up and back movement of reed steps same as the
yarn tension. Moreover, it was found that the contact
forces were deeply affected by the number of warp
yarns unlike the yarn tension.

At the same time, the research studies have been
carried out to predict the fiber damage or breakage
thanks to the experimental methods and developed
mathematical models. Li et al. [12] measured the
hairiness of carbon yarn with the tribometer. The
tribometer can determine the normal force and the
frictional force values. It was found that the normal
force is the main factor to raise frictional force and
cause the hairiness on the carbon yarn. Wu et al. [13]
investigated the tow- on- tool friction to simulate the
beating- up process in the carbon weaving. The
filaments reveal multiple fracture damage pattern,
when they are exposed by the stretching, shearing,
and compressing forces during the weaving process.
Guo et al. [14] developed a weaving load simulation
tester device to predict warp tension and optimize the
weaving parameters. Azevedo etal. [15] estimated the
warp and weft yarn breakages in the weaving process
thanks to the machine learning approach. Xu etal. [16]
established a yarn hanging model based on the
catenary theory to estimate the applied minimum
initial warp tension, which ensure the clear shedding
in the weaving process.

Furthermore, several studies were carried out to
clarify the effects of fabric architecture on the yarn
degradation in the weaving process [17 - 21].

Within the scope of this study, the yarn degradation
was investigated from bobbin to the e- glass woven
fabric production, which was carried out by the
industrial weaving loom. The previous research
studies focused to measure or predict the damage
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formation on the warp yarns during the weaving
process. However, the damage on the weft yarns have
significance to achieve higher production rates and
obtain high quality e-glass woven fabrics. Therefore,
the damage formation on the weft yarns had been
investigated as well as the warp yarns in this study.
Moreover, the various weft tensioning systems had
been examined and the best system was determined.

2. Material and Method
2.1. Tested material

The production stage of e- glass woven fabric was
investigated in the study. The structural properties of
e- glass woven fabric is presented in Table 1. The 600
Tex e- glass yarn, which is belong to the Jushi
company, were used for warp and weft yarns in the
production of fabric.

Table 1. The structural properties of produced e- glass
woven fabric

Weave | Yarn Density Yarn Types Areal
Pattern | (yarn/cm) Density
Warp | Weft | Warp Weft (g/m?%)
Plain 2.4 2.5 E- glass | E- glass 300
(600 (600
Tex) Tex)

2.2. Method of measurement
2.2.1. Measurement of warp yarn damage

The woven fabric production divided three sections to
follow the evolution of yarn mechanical properties.
Therefore, the yarn mechanical properties could be
examined from bobbin to the weaving zone of
machine. The specified sections,

a. The yarn from bobbin,

b. The section between the creel and back reed of
weaving machine,

c. The section between the back reed and frames of
weaving machine,

d. The section between the frames and reed of
weaving machine.

The yarn specimens were collected from the specified
sections and tested under the tensile load. Thus, their
maximum breaking load, elastic module and
maximum elongation values were determined. In
every stage of measurement, ten specimens were
tested according to NF EN 2062 test standard. The
Instron 4411 tensile test machine with 10 kN load cell
was used, the machine is shown in Figure 1.
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2.2.2. Measurement of weft yarn damage

In addition to the warp direction, the damage in the
weft yarns were evaluated in the study according to
the different weft tensioning systems. As the glass
yarns are sensitive for the friction, the glass woven
production can be carried out with or without
automatic weft tension control systems. In the study,
two types of brushes, which are belong to the
automatic yarn tension system, were used to observe
their effects on the damage of weft yarns. The brushes
were diversified according to their rigidities. The
white brush (W.A.T) has more rigidity than brown
brush (B.A.T), which are presented in Figure 2.

Figure 2. The automatic weft tension control systems with
different brushes, (a) system with the white brush, (b)
system with the brown brush

At the same time, the glass woven fabric production
was carried out with the manual tensioning systems.
The triple metal weft frame (M.T) and spring yarn
tensioner systems were used to investigate their
effects on the damage of e- glass yarn. Moreover, both
systems were diversified to two subgroups. The liquid
ceramic was applied to the metals of triple weft frame
system (C.M.T). In addition, the metal (M.S.T) and
ceramic types (C.S.T) of spring yarn tensioning
systems were used to evaluate their effects on the
glass yarn damage. All manual tensioning systems are
presented in Figure 3. As the damage of weft yarn can
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be determined, the broken and then accumulated glass
filaments were weighted. For accumulation of broken
filaments, the weaving machine, which is Dornier P2,
had been running for 15 minutes at 170 rpm. The
process was repeated three times to obtain average
and standard deviation values.

(b) (©
Figure 3. The manual weft tensioning systems, (a) triple
metal weft frame, (b) metal spring yarn tensioning system,
(c) ceramic spring yarn tensioning system

3. Results and Discussion
3.1. The damage measurement in the warp yarns

3.1.1. The mechanical properties of yarn from
bobbin

As the evolution of yarn properties could be examined,
the e-glass yarn was tested from bobbin to the
different sections of fabric production. The
determined load (N)- strain (%) graphs and
mechanical properties of e-glass yarn, which were
taken from the bobbin, were presented in Figure 4 and
Table 2, respectively.

400

Load [N]

Elongation [%]

Figure 4. The load- elongation graphs of e-glass yarns from
bobbin
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Table 2. The properties of e- glass yarn from bobbin

Grade | Yield | Tensile Tensile | Elongation
Strength | Modulus
Tex N N %
Jushi 600 3115 157.32 2.49
386 H (710.93) (72:19) (70.14)

3.1.2. The evolution of yarn mechanical properties
within the weaving machine

The maximum load values of yarns from the different
sections are presented in Figure 5. Although the e-
glass yarns could keep their strength till the back reed
of weaving machine, they were seriously damaged
tensioning section and the weaving zone of machine. It
was already proven that the yarn- to- machinery parts
and yarn- to -yarn frictions are constituted the main
reasons to damage on the yarns [4]. The obtained
results are showed that the damage on the yarns
originated from the yarn- to- machinery parts friction.
The tensioning section of weaving machine is
constituted by the cylinders, which are placed along
the width of machine. If these cylinders are covered or
renewed by the softer surface materials, the severity
of warp yarn damage could be seriously reduced. In
addition, the special designed heddles eye systems
could help to decrease the damage on the warp yarns
in the weaving zone. Moreover, the speed of weaving
machine could be optimized to obtain less damage in
the warp yarns.

a b c d

Figure 5. The breaking load values of yarns from different
sections

400

300

200

Maximum Load [N]

100

In addition to the maximum load values, the elastic
module and maximum elongation values of yarns were
determined in the study. The values are presented in
Figure 6. Although the friction reduced the strength of
yarns, it did not change the elastic module values.
Moreover, a statistically meaningful difference was
occurred in the maximum elongation values between
the section a, b and section d. This difference could be
explained with the breaking of filaments within the e-
glass yarn. As the number of filaments was decreased
in the yarn, it was broken at lower elongation value.
This result support the maximum load values of e-
glass yarns. In addition, the obtained results proven
that first the fibrillation is begun in the damaged e-
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glass yarn. If the problem is not solved, the severity of
damage is increased and the accumulated fibrillation
cause to break e- glass yarn.
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Figure 6. The mechanical properties of yarns from different
sections, (a) the elastic module values, (b) maximum
elongation values

3.2. The damage measurement in the weft
direction

The weights of broken e- glass yarn filaments are
presented in Figure 7. The automatic weft tensioning
system, which have standard brush, gave the highest
damage to the e- glass yarn. The softer brown brush
significantly reduced to damage the yarns. Moreover,
the application of liquid ceramic improved the surface
quality of metals and decreased the damage on the
yarns. Both spring yarn tensioning systems have
similar values and showed the best performance
according to the damage on the yarns. The results
proven that even automatically weft tensioning
system with softer brush give serious damage on the
e-glass weft yarns. The damage could be minimized
with the spring tensioning systems. Although liquid
ceramic metals seriously reduced the damage on the
weft yarns, the implementation the liquid ceramic on
the metals cause to spend time and cost. The spring
tensioning system adapted automatically weft
insertion systems can be developed in further
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research studies to obtain high quality e-glass woven

fabrics.

W.AT M.T

0.05
0.04
0.03
0.02

0.01

.

MS.T CMT CST

Weight of broken filaments (g)

B.AT
Weft tensioning systems

Figure 7. The weights of broken weft yarns filaments
according to the different tensioning systems

4., Conclusion

In the study, the damage evolutions of warp and weft
yarns were investigated in the industrial production of
e- glass woven fabric. While the damage of warp yarns
was measured thanks to the loss of tensile strength,
the broken filaments were weighted to evaluate the
damages in the weft yarns.

The e- glass warp yarns were seriously damaged in the
tensioning section of weaving machine. The severity of
degradation was raised in the weaving zone. The yarn-
to- machinery part type of friction was determined as
the main factor to degrade the warp yarns in the
industrial e- glass woven fabric production. The
automatic and manual weft tensioning systems were
examined to specify their degradation on the e-glass
weft yarns. The improvement can be obtained in the
automatic weft tensioning system with the using of
soft brush. In addition, the liquid ceramic application
reduced the friction between the yarn and metal plate
in the triple metal tensioning system. As results, the
spring yarn tensioning system shown the best
performance.
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Anahtar Kelimeler Ozet: Yaglk giil yetistiriciliginde Macrosiphum rosae (L.) (Hemiptera: Aphididae)
Yaghkgul, onemli bir tarimsal zararh olarak karsimiza ¢ikmaktadir. Miicadelesi i¢in portakal
Gul yaprakbiti, yagl kullaniminin arastirildig1 bu ¢alismada; 2021 yilinda yar1 kontrollii kosullarda

Gelin bocegi, oldiiriicii doz tespiti yapilmis ve 60 g L-1 portakal yagi icerikli preparatin en etkili

gzlz(}i)cei;;lici bulunan 400 ml 100 L-* dozu 2021, 2022 ve 2023 yillarinda agik arazi kosullarinda
Ucucu yag;, test edilmistir. Yillar itibariyle sirasiyla 6liim oranlarinin %99.6, %100, %100

Monoterpenoid oldugu gorilmiistiir. Ayrica farkli dozlarin uygulandig: insect-net ile kapali alana
salinan 50 adet Coccinella septempunctata (Coleoptera: Coccinellidae) bireylerinin
salimdan 24 saat sonra yapilan sayimlarinda 400 ml 100 L! doz uygulamasi
tizerinde toplam 27 adet bireyin, 300 ml 100 L-! doz uygulamasi lizerinde ise toplam
7 adet bireyin varligi tespit edilmistir. 16 adet Coccinella septempunctata bireyi ile
de alanda karsilasilmamistir. Sonug olarak; yaghk giil yetistiriciliginde Macrosiphum
rosae miicadelesinde 400 ml 100 L-! dozunun etkili oldugu ve bu ¢alismada avci
boceklerin kontrol grubu ve diisiik dozlara kiyasla yiiksek dozlara daha ¢ok ¢ekildigi
gorilmistiir.

The Insecticidal Effect of Orange Oil on Macrosiphum rosae (L.) (Hemiptera: Aphididae)
and Orientation of Coccinella septempunctata (Coleoptera: Coccinellidae) to Different

Doses
Keywords Abstract: Macrosiphum rosae (L.) (Hemiptera: Aphididae) is an important
Oil rose, agricultural pest in oil rose production. For it's management, the most effective 400
Rose aphid, ml 100 L-* dose of the preparation with 60 g L-1 orange oil content, whose lethal dose
k?li};?r?g' was determined under semi-controlled conditions in 2021, was tested under open
Attractg,nt, field conditions in 2021, 2022 and 2023. It was determined that the mortality rates

Essential oil, were 99.6%, 100%, 100%, respectively. In addition, 24 hours after the release of 50

Monoterpenoid Coccinella septempunctata (Coleoptera: Coccinellidae) individuals in the closed area
with insect-net where different doses were applied, the presence of 27 and 7
individuals were detected on 400 ml 100 L1 and 300 ml 100 L-! dose application,
respectively. The rest of 16 Coccinella septempunctata individuals were not found in
the field. In conclusion; It was observed that 400 ml 100 L-! dose was the most
effective dose in the Macrosiphum rosae management in oil rose cultivation and in
this study, predatory insects were more attracted to high doses compared to the
control group and low doses.

*[Igili yazar: mehmetsedat.sevinc@tarimorman.gov.tr
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1. Giris

Afitlerin veya diger bir deyisle yaprakbitlerinin yaygin
tirler oldugu [1-6] konusunda pek cok arastirmaci
hemfikirdir. Afitlerin bitkilere verdikleri dogrudan
zararlar; bitki 6zsuyu ile yogun beslenme sonucu
bitkinin solmasi ve verimin diismesi seklinde
olabilecegi gibi [4], dolayh sekilde ise; fumajine sebep
olan balli sivi madde salgilamalari, viriis tasima ve
ayn1 zamanda c¢esitli patojenlerin bitki biinyesine
girmesine  olanak saglayan yara acikliklar
olusturmalari seklinde de olabilmektedirler. Balli siv1
maddenin atilmasi bitki yiizeyinde kiif gelisimini
tesvik eder, bu durum fotosentezi sekteye ugratarak
Urin veriminin diismesine sebep olabilir [7, 8].
Ozellikle sentetik kimyasallarin yogun ve kontrolsiizce
kullanildig1  bolgelerde predatdr, parazitoit ve
mikrobiyal patojenlerinin olumsuz etkilenmesi sebebi
ile afit popiilasyonu kontrolsiizce artabilir. Dogada
pek cok parazitoit, predatér ve patojen [9-16] igin
konukcu ve besin kaynagi olan afitler, salgiladiklari bu
balli sivi maddeyi karincalara besin maddesi olarak
vererek onlar sayesinde de Coccinella septempunctata
L. (Coleoptera: Coccinellidae) gibi avc tiirlere karsi
korunurlar [17]. Tirler arasinda gelisen bu
mutualistik yasam sekli miicadelede iireticinin islerini
zorlastirabilmektedir. Kis1 déllenmis yumurta olarak
geciren afitler bahar aylarinda ¢ikis yaparak yaz boyu
vivipar bireyleri olusturacak popiilasyonun temelini
olusturur [18-20] ve bu afit popiilasyonu herhangi bir
sekilde kontrol altina alinmamissa, bu durum yaz
sonunda kis1 gecirecek olan daha ¢ok doéllenmis
yumurta icin bir yatirim ve dolayisi ile diger sezona
glclii bir popiilasyon baslangici olacaginin garantisi
anlamina gelebilir.

Tanimlanmis 4000’den fazla afit [7, 20, 21] tliriinden
biri olan giil yaprakbiti Macrosiphum rosae (Linnaeus,
1758) (Hemiptera: Aphididae), giil yetistiriciligi
yapilan boélgelerde ekonomik zarara sebep olan
onemli bir tirdir [7, 22-28]. Dogal regiilasyonun
yeterli olmadig1 plantasyonlarda iiretici poptilasyonu
ekonomik zarar seviyesinin altina diisiirmek icin
birtakim miidahaleler yapmak zorundadir. Bu
miidahalelerin dogaya uyumlu c¢evre ve insan
sagligina dost biyolojik ¢oziimlerle [29,30] yapiliyor
olmasi strdiirilebilirligin temelini olusturmaktadir.
Bunun i¢in mevcut literatiirde sentetik kimyasallara
alternatif olarak sekonder metabolitlerin arastirildigi
¢alismalar mevcuttur. Sekonder metabolitler, bitkiler
tarafindan patojenlere ve zararhlara karsi tretilir
[31]. Birgok ¢alisma bitkisel ekstraktlarin bu amagla
kullanim  potansiyeli tasidigini  bildirmektedir
[32,33,34,]. Bunlardan portakal kabugu ekstraktindan
elde edilen Dbilesiklerin, bocekler iizerindeki
etkinliginin icerisinde bulunan silika veya silika
benzeri asindirict partikiillerin beyne yapisma
yeteneginden kaynaklanabilecegi [35], bununla
birlikte portakal kabugu ekstresinin toksisitesinin d-
limonene bagl olabilecegi bildirilmistir [36, 37].
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Limonen, portakal kabugu ekstraktinda bol miktarda
bulunan, sicakkanlilar iizerinde diisiik toksisiteye
sahip olmasi1 ve zararli bdceklerin miicadelesinde
kullanimi yer almis bir monoterpenoiddir [32].
Limonenin, afitler tizerinde de etkili oldugunu bildiren
calismalar mevcuttur [32,35]. Limonence zengin
oldugu bilinen portakal yagindan elde edilen bazi
biyopreparatlar farkli bocek tiirlerinin miicadelesinde
ruhsatlidir. Fakat tilkemizde M. rosae yonetiminde gl
bahgelerinde kullanilmak {izere ruhsatlandirilmis
portakal yagi preparati bulunmamaktadir. Literatiirde
zararli lzerinde etkisi oldugu bildirilen etken
maddeye sahip preparatlarin arazi kosullarinda hedef
organizma uzerinde denenerek sonuglarini gérmek
miicadele olanaklarini artiracak ve alternatif dogal
bilesiklerin kullanimi hakkinda bilgi {retilmesini
saglayacaktir.

Bu ¢alismada; 2021, 2022 ve 2023 yillarinda, yaghk
giil (Rosa damascena) lizerinde dogal olarak gelisen M.
rosae Uzerinde portakal yag: icerikli bir preparatin
(Prev-am®) etkili dozunu yar1 kontrollii kosullarda
tespit etmek ve etkili dozun yaghk giil yetistiriciligi
yapilan arazide uygulanarak M. rosae tizerinde etkisini
gormek amaglanmistir. Ayni zamanda insect net kapl
deneme tiineli icerisine kontrollii olarak salinan ergin
C. septempunctata bireylerinin farkli dozlara ve
preparatlara yonelimi takip edilmistir. Calisma
sonuglarinin M. rosae’nin miicadelesinde alternatif
preparatlarin kullanim imkanlarinin artirilmasi igin
literatiire katki saglayacagi disiiniilmektedir.

2. Materyal ve Metot
2.1. Materyal

Deneme materyalini 26 m uzunluk 3 m genislikte tizeri
insect net ile kapl tiinel ve igerisinde yaghk gil (R.
damascena) bitkileri, bitkilerin iizerinde dogal olarak
gelisen M. rosae popiilasyonlar1 ve portakal yagi
icerikli preparat (Prev-am®), hedef organizmanin
miicadelesi icin ruhsath Azadirachtin A etken maddeli
preparat (NeemAzal®) ve cesme suyu
olusturmaktadir. Doz belirleme denemeleri icin el
spreyi, acik alan giil bahgesinde uygulama igin ise
traktore baglanabilir atomizér kullanilmistir. Ayrica
portakal yag1 preparatinin farkli dozlarina verecegi
yonelim tepkisini gérmek i¢in dogadan 50 adet C.
septempunctata ergin bireyi toplanarak denemede
kullamlmistir. M. rosae ve C. septempunctata tir
teshisi Prof. Dr. ismail KARACA (Isparta Uygulamali
Bilimler Universitesi) tarafindan yapilmigtir.

2.2. Metot

2.2.1. Boceklerin denemeye hazirlanmasi

Deneme alanindaki yaghk giil bitkilerinde yaprak
bitlerinin ¢ogalabilmesi amaciyla herhangi bir

ilaclama yapilmamistir. Uygulama dncesi bes giil 6begi
secilmis, her gil o6beginden M. rosae ile farkh
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oranlarda bulasik 5 adet tomurcuklu siirgiin farkh
portakal yagi dozu uygulamalari i¢in farkli renklerde
etiketlenmis ve uygulama dncesi biyolojik donem fark
etmeksizin toplam M. rosae sayilari not edilmistir.

2.2.2 Etkili dozun belirlenmesi

60 g L1 portakal yag icerikli preparat (Prev-am®)
100 litre suya 400 ml, 300 ml, 200 ml olmak iizere 3
farkli konsantrasyonda hazirlanmis ve el spreyi
yardimiyla M. rosae ile bulasik olan tiim siirgiinlere
her silirgline ortalama 5 ml olacak sekilde
uygulanmistir. Pozitif kontrol i¢in 100 litre suya 500
ml Azadirachtin A etken maddeli preparat
(NeemAzal®), kontrol grubu icin ise ¢esme suyu
kullanilmistir. 2021 yilinda yapilan bu g¢alismada; 3
farkl portakal yag1 dozu, pozitif kontrol ve negatif
kontrol olmak toplam bes farkli uygulama igin bir giil
6beginde bes farkli enfekteli siirgiin segilmistir.
Uygulama esnasinda diger stirgiinler arasina plastik
perde  c¢ekilerek  kontaminasyon  engellenmis
uygulama bitiminde perde kaldirilmistir. 5 tekerriir ile
yuriitilen calismada tekerriirler i¢in birbirinden 2
metre mesafede bulunan farkli giil 6bekleri
kullanilmistir ve deneme tesadiif bloklar1 deneme
desenine gore yapilandirilmistir. Uygulama 6ncesi ve
uygulamadan 72 saat sonra siirglinler iizerindeki
toplam  birey sayilar1  kaydedilerek  veriler
karsilastirilmistir. Deneme sonucunda elde edilen
veriler Henderson-Tilton (1955) formiili kullanilarak
yiizde etki oranlari tespit edilmistir. Istatistiksel
analizler SPSS programinda Tek yonli varyans
analizine tabii tutulup veriler arasindaki istatistiksel
farklar Tukey c¢oklu Kkarsilastirma testleri ile
belirlenmistir [38].

2.2.3 Arazi uygulamalar

Arazi ¢alismalar Isparta ili Egirdir ilcesinde bulunan
Meyvecilik  Arastirma  Enstitiisii Mudurligii
biinyesindeki organik yaglik giil arastirma parselinde
2021, 2022 ve 2023 yillarinda yirttilmiistir. Etkili
oldugu tespit edilen 60 g L-! Portakal yagr’ nin 400 ml
100 L1 dozu 300 m?2 acik yaglik giil yetistirilen alanda
M. rosae popiilasyonlari tizerine traktore baglanabilir
atomizor yardimiyla uygulanmistir. Ayrica kontrol
grubu olarak toplam 20 yaghk giil 6begine su
uygulamasit yapilmistir. Uygulama oncesi ve
uygulamanin 72. saatinde rastgele secilen 100
siirgiinde canli-6lii birey sayilar1 kontrol edilmistir.

2.2.4 insect net ile kapal tiinelde kontrollii
Coccinellidae bireylerinin salimi

Uygulama 6ncesi atrap ile yapilan kontrollerde insect
net ile kapali tiinel icerisine disaridan avci boécek
bulasip bulagsmadig1 kontrol edilmistir. Agik giil ve
seftali bahgelerinden 50 adet ergin C. septempunctata
bireyi emgi tipii yardimiyla toplanmistir. Portakal
yagl uygulamasinin sayimlar1 bittikten sonra
(denemenin baslangicindan 72 saat sonra) C
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septempunctata bireyleri 5 adet yaghk giil bitki
6begine 10’ar adet olmak iizere birakilmistir. 24 saat
sonrasinda deneme alanminda farkli doz ve
uygulamalarin yapildig1 siirglinler {izerinde C
septempunctata ergin bireylerinin sayilar1 kontrol
edilmistir.

3. Bulgular

3.1 Etkili doz bulgular:

Portakal yag1 preparatinin farkli dozlari, Neem yaginin
tek dozu ve kontrol grubunun 72 saat sonundaki M.

rosae uzerindeki ylizde olum verileri Sekil 1'de
gosterilmektedir.

10040 a (100 -100) 10040 a (100 -100)

34,2142,54 b (27,15
41,26)

300 ml

M. rosea yiizde 6liim oranlari

1,57+1,57¢

(-2.8-5,95) 020 ¢ (0-0)

Sekil 1. Uygulamada kullanilan 60 g L-! portakal yagr icerikli
preparat (Prev-am®), 100 litre suya 400 ml, 300 ml ve 200
ml olmak iizere 3 dozu, pozitif kontrolde 100 litre suya 500
ml oraninda 10 g L-! Azadiracthin A (500 ml Aza.) icerikli
preparat (NeemAzal®), ve ¢esme suyu uygulanan kontrol
grubunun uygulamadan 72 saat sonra ylizde 6liim oranlari.
*Tukey coklu karsilastirma testine gore siitunlardaki farkl

harfler istatistiksel olarak farklidir(P<0.05)

Sekil 1’ de goriildiigii tizere igeriginde 60 g L1 portakal
yagi bulunan preparatin 100 L su ile hazirlanan 400 ml
dozu ve 10 g L1 Azadirachtin A icerigi bulunan
preparatin 100 L su igerisindeki 500 ml dozlan
popiilasyonun %100’ ini oldiirerek en etkili
bulunmustur (F: 1404.03; P<0.01). 200 ml doz %2
oraninda Olime sebep olmus ve ve ¢esme suyu
kullanilan %0 6liim oranina sahip kontrol grubu ile
kiyaslandiginda fark gorilmemis (F: 1404.03;
P>0.01), 300 ml doz %34,21 6liime sebep olmustur ve
kontrol ile farkli grupta yer almistir (F: 1404.03;
P<0.01). Busonuglara gore 60 g L-! portakal yaginin en
etkili bulunan 100 L suya 400 ml portakal yag: ile
hazirlanan dozu arazi ¢alismalar1 i¢in kullanilmaya
uygun bulunmustur.

3.2. Etkili dozun arazi uygulamasi

Etkili oldugu tespit edilen 60 g L1 Portakal yagi icerikli
preparatin 400 ml 100L-* dozu, 2021, 2022 ve 2023
yillarinda M. rosae miicadelesinde agik alanda
uygulanmistir. Uygulama o6ncesinde yiiz siirgiin
iizerinde canli birey sayimi yapilmistir. Uygulamadan
72 saat sonra yapilan sayimlarin sonuglari Sekil 2’ de
gosterilmektedir.
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Sekil 2. Acik yaglhk giil bahgelerinde Prev-am® uygulama
oncesi ve uygulamanin 72. saatinde 100 siirglindeki toplam
birey sayisi ve su uygulanan kontrol grubundaki bireylerin
uygulama Oncesi ve sonrasi popiilasyon degisimi.

Yillar bazinda degerlendirildiginde; 2021 yilinda
uygulama o6ncesi 100 stirgiinde 584 birey sayilirken,
uygulamadan 72 saat sonra yiiz siirgiin lizerinde 2
canli birey ile karsilasilmistir. 2022 yilinda uygulama
oncesi 602, uygulama sonrasi 0 canl;; 2023 yilinda ise
bu say1 uygulama dncesi 407 birey iken uygulama
sonrasl yine 0 canli olarak tespit edilmistir. Her ii¢
yilin 100 siirglinden olusan kontrol grubunda ise
uygulama 6ncesi birey sayilari yillar bazinda sirasiyla;
625, 582 ve 476 birey iken, su uygulamasi sonrasi 72.
saatte birey sayilar1 601, 589 ve 360 birey olarak
tespit edilmistir.

3.3. Coccinella
dozlara yonelimi

septempunctata bireylerinin

insect-net ile kapali olan tiinel icerisinde uygulamalar
oncesi predator bocekler ile Kkarsilasiimamistir.
Uygulamanin 72. saatinden sonra salinan bireylerin
bir giin sonra yonelimi goz ile tespit edildiginde; 60 g
L1 portakal yag igerikli preparatin 400 ml 100 Lt su
ile hazirlanan dozunda tomurcuk ve siirgiinler
tizerinde 27 adet, 300 ml 100 L-! ile hazirlanan dozun
uygulandig1 dal ve silirglinlerde ise 7 adet ergin C.
septempunctata bireyi sayilmistir. Diger deneme
karakterlerinde C. septempunctata bireyi ile
karsilagilmamistir.

4. Tartisma ve Sonug¢

Macrosiphum rosae, giil bitkilerinde ekonomik zarara
sebep olan bir tirdir. Miicadelede sentetik
kimyasallara alternatif olarak bitkisel
biyopreparatlarin etkinlik ¢alismalar1 hiz kazanmistir.
Portakal yagi ile yapilan arazi denemelerinin sonucu
olarak 400 ml 100 L-1 portakal yagi (Prev-am®)
slispansiyonunun M. rosae iizerinde etkili oldugu
gorilmistiir. Limonence zengin diger preparatlarin
farkli afit tiirleri tlzerinde etkisini arastiran bir
calismada Chaieb vd., (2018), Citrus aurantium L. a ait
ugucu yaglar1 Acyrthosiphon pisum Harris (Hemiptera:
Aphididae), Aphis fabae Scop. (Hemiptera: Aphididae),
Macrosiphum  euphorbiae Thomas (Hemiptera:
Aphididae) ve Rhopalosiphum padi L. (Hemiptera:
Aphididae) tzerindeki etkinligini arastirmistir.
Yapilan analizlerde kullanilan ugucu yagin Limonene
(%67.1), Linalool (8.37%), p-pinene (%4.02),
Myrcene (%3.17), B-Ocimene (%2.36) and a-pinene
(%1.18) oranlarinda major bilesiklere sahip oldugunu
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ve dort yaprakbitinde de toksik etkisinin yiiksek
oldugunu belirtmistir. Kaolinle kombine yapilan bu
calismada yalnizca yag kullaniminin kaolin veya
kaolin+yag kullanomina oranla daha yiiksek
toksisiteye sebep oldugu sonucu rapor etmislerdir.
Limonene’in insektisidal etkisinin onemli &lciide
oldugu ayni calismada vurgulanmaktadir [39].
Calisma sonuglarn portakal yagi ile yapilan bu
calismada sonuglar1 ile paralellik gostermektedir.
Ayrica limonen igerikli farkl bitkisel yaglar ile giil
yaprakbiti lizerinde yapilan ¢alismalarda benzer
sonuglar bildirmektedir. Ornegin; Budak vd (2022),
aloe vera (Aloe barbadensis), ¢ay agaci (Melaleuca
alternifolia), okaliptus (Eucalyptus globulus), sarimsak
(Allium sativum)'in %1’lik dozlarin1 M. rosae lizerine
uyguladiktan 96 saat sonra 6lim oranlarinin aloe
vera'da %80.8; cay agacinda ve okaliptiiste %78.72;
sarimsakta %74.46 oraninda bulduklarin1 ifade
etmektedirler. Degerlendirme sonucu en fazla aloe
vera olmak lizere her dort ugucu yagin da yiizde 6lim
oranlarinin birbirine ¢ok yakin oldugu ve M. rosae
miicadelesinde etkili olabilecegi ve yiizde o6lim
oranlarinin  yiiksek  olmasi,  bitkisel kdkenli
preparatlarin avantajlar1 sebebiyle de miicadelede
kullanilabilecegini belirtmislerdir [40]. Benzer bir
calismada Alghamdi (2018), doért bitki (Moringa
oleifera L., Eruca sativa L., Raphanus sativus L., Allium
sativum L.) ucgucu yaginin degme etkisini, gil
yaprakbitine (M. rosae L.) karst %1, %2 ve %4
konsantrasyonlarinda denemistir. 12, 24, 48 ve 72
saat maruz birakma siliresinden sonra, ugucu yag
testlerinde roka yag, M. rosae’'yva Kkarsi tim
konsantrasyonlarda %97.5'e ulagan 6liim oraniyla en
yliksek degeri vermis, bunu sirasiyla sarimsak yagi
(%80.6), turp yag1 (%69.2) ve moringa yagi (% 63.3)
izlemistir.  Olim oranlarmin  farklh  deneme
siirelerinde, ugucu yag konsantrasyonlarinin
artmasiyla arttigini ifade etmektedir [41]. Noureldeen
vd. (2022), Citrullus colocynthis, Tagetes erecta,
Rosmarinus officinalis, Thymus vulgaris, ve Withania
somnifera; ekstraktlarinin M. rosae lizerinde etkilerini
tek basina ve entomopatojen bir bakteri ile kombine
uyguladiklar1  bir arastirmada tiim  bitkisel
ekstraktlarin 6nemli o&l¢clide M. rosae izerinde
oldirici etkiye sahip oldugu bunlardan T. erecta’ nin
metanol ekstraktinin daha yiiksek 6liim oranina sahip
oldugunu ifade etmistir. Entomopatojen bakteri ile
kombine kurulan denemelerin ise, tek basina bitki
ekstrakti veya tek basina bakteri ile kurulan
denemelerden ¢ok daha yiiksek toksisite sonuglari
verdigi ifade edilmistir [34]. Literatiirde zararh
tirlerin yam1 sira predatorleri de hedef alan
calismalardan biri; Ibrahim (2020)’ in, Aphis
craccivora Koch. (Hemiptera: Aphididae), Bemisia
tabaci Genn. (Hemiptera: Aleyrodidae) ve Thrips
tabaci Lindeman (Thysanoptera: Thripidae) iizerinde
portakal yagi ve neem yag farkli preparatlar ile
yurittiigii calismadir. 72. saatte portakal yaginin A.
craccivora iizerinde %63.36, neem yaginin ise %95.10
ylizde 6liim oranina sahip oldugunu rapor etmistir. 14
giin siiren ¢alismada 14. giin yiizde 6liim oranlarinin
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bu ozete gore sirasiyla %84.86 ve %99.80 oranina
yukseldigini ifade etmistir. Ayni zamanda bu
preparatlarin C. septempunctata lUzerindeki yan etki
sonuclarini ise 14. giinde yiizde 6liim oranlarinin
sirastyla  %14.90 ve %40.13 oldugunu ifade
etmektedir [42]. Diger bir ¢alismada ise Gupta vd.,
(2017), Gul yaprakbiti ve predatorler; C.
septempunctata ve  Orius laevigatus  Fieber
(Heteroptera: Anthocoridae) tizerinde limon kabugu
ekstraktinin  etkilerini arastirmiglardir.  Yapilan
¢alisma sonucunda limon kabugu ekstraktinin giil
yaprakbitine toksik etkisi oldugu, C.
septempunctata’da toksisitesinin bulunmadigi, O.
laevigatus lzerinde ise az toksisitesi oldugunu
belirtmislerdir. Ayni ¢alismada avcilarin koku se¢imi
ve besin se¢imi iizerinde uygulamalar arasinda fark
olmadigini belirtmektedirler [32]. Seving vd., (2023),
Myzus persicae Sulzer (Hemiptera: Aphididae)
izerinde portakal yaginin etkisini gérmek icin seftali
bahgelerinde yirittiikleri bir ¢alismanin sonucunda
bolgede deneme sonrasi C. septempunctata’ nin
yogunlastigl, deneme oOncesi parazitlenmis afit
bireylerinin kapsiillerinden deneme sonrasindaki
parazitoit ¢ikislarinin goézlendigini, ayrica uygulama
sonras1 Chrysoperla carnea Stephens (Neuroptera:
Chrysopidae) yumurtalarinin deneme 6ncesine
kiyasla oransal olarak artmasim gozlemlediklerini
ifade etmislerdir [43].

Deneme sonuglarindan ve literatiirden de anlasildig:
lizere; portakal yag preparatinin bitkisel kokenli bir
ekstrakt olmasi, zararhlar tlizerinde hizhi sonuglar
vererek miicadelede etkili olmasi, avci bocekler
lzerinde toksik etkisinin diisiik olmasi bununla
birlikte avci bocekleri uygulama alanina ¢ekilmesine
de destek veriyor olmasi gibi sebeplerle Macrosiphum
rosae’nin  miicadelesinde etkili bir sekilde
kullanilabilecegi sonucuna varilmistir. Calisma sonucu
elde edilen bilgilerin 06zellikle organik yaghk giil
yetistiriciliginde M. rosae ile miicadelede yapilacak

olan yeni arastirmalara katki  saglayacagi
diistiniilmektedir.
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Anahtar Kelimeler
Hadronik molekiil,
Agir Mezon,
Faddeev Denklemi.

Ozet: Bu calismada, DD lic mezon sistemi Uniter kiral pertiirbasyon teorisinde,
Faddeev denkleminin sabit merkez yaklasiklig1 yontemi kullanilarak hesaplandi. Bu
yontemde, iki pargacik kiime olarak alimir ve tgilincii pargacik bu kiimeden

sactirilarak ¢ parcacik sistemi arastirilir. Bu hesapta D*D durumu kiime olarak
alindi ve pionun bu kiimeden sagilmasi incelendi. Pionun kimenin birinci
pargacigindan sag¢ilmasi (mD*) ve pionun kiimenin ikinci parcacigindan sagilmasi

(nﬁ*)’nm hesaby, liniter kiral pertiirbasyon teorisinde izospin bazda Bethe-Salpeter
denklemi c¢iftlenmis kanallarda ¢oziilerek yapildi. Yaptigimiz hesaplarin sonucunda
izospin I = 1 olan, kiitlesi 4156 MeV ve genisligi yaklasik 130 MeV olan yar1 bagh
durum elde edildi. Buldugumuz pik; 4153%23 MeV kiitleli ve 136%52 MeV genislige
sahip olan X(4160) mezonu ile iliskilendirildi.

Investigation of the nD*D Three Meson System by the Fixed Center Approximation to

the Faddeev Equation
Ke(;jrwm.'ds lecul Abstract: In this study, the 7D*D three meson system is calculated in unitary chiral
Hadronic Molecule, perturbation theory using the fixed center approximation to the Faddeev equation.
Heavy Meson,

. In this method, two particles are taken as a cluster and the third particle is scattered
Faddeev Equation

from this cluster to search for the three particle system. In this calculation, the D*D
state was taken as a cluster and the scattering of the pion from this cluster was
analyzed. The scattering of the pion from the first particle of the cluster (zD*) and

the scattering of the pion from the second particle of the cluster (nﬁ*) were
calculated by solving the Bethe-Salpeter equation in the isospin basis in the unitary
chiral perturbation theory in coupled channels. As a result of our calculations, we
obtained a quasi-bound state with isospin =1, mass 4156 MeV and width about 130
MeV. The peak was associated with the X(4160) meson with a mass of 4153123 MeV
and a width of 136152 MeV.

1. Giris cikildikca deneylerde gozlenen yeni hadronlarin

kuark modeldeki gibi basit mezon veya baryon
Pargacik fiziginde son elli yilin en dnemli arastirma

konularindan biri olan hadron nedir, igyapilari
nasildir, nasil etkilesir hala giincelligini korumaktadir.

yapisinda olmadigi goriildii. Bu yeni hadronlar egzotik
hadronlar olarak adlandirildi. Egzotik hadronlara; iki
kuark iki antikuarktan olusan tetrakuarklar [3,4], dort

Murray Gell-Man ve George Zweig, 1964 yilinda kuark bir antikuarktan olusan pentakuarklar [5-7],

hadronlari; kuark ve antikuarktan olusan mezonlar ve
li¢ kuarktan olusan baryonlar olarak siniflandirdilar
[1,2]. Deneysel teknikler gelistikce ve yiliksek enerji
fizigi laboratuvarlarinda daha yiiksek enerjilere

valans kuark ve gluonlar iceren hibrit mezonlar [8],
hi¢ valans kuark icermeyen gluontopu [9,10], mezon
mezon veya mezon baryondan olusan hadronik
molekiiller [11] 6rnek olarak verilebilir. Bu ¢alismada,

ilgili yazar: *merrveakarrsu@gmail.com
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tilsim kuark iceren iki agir mezon ve bir hafif mezon
bir araya gelerek, lic mezonun hadronik molekiil
olusturup olusturmadigini arastirdik. Hadronlar gii¢lii
etkilesmeler ile etkilesirler ve giiclii etkilesmelerin
kurami Kuantum Renk Dinamigidir (KRD). KRD’de
ciftlenim sabiti; diisik ve orta enerji bdlgesinde
biiytirken, yiiksek enerji bolgesinde kii¢iilmektedir.
Hadronlasmanin oldugu orta ve diisik enerji
bolgesinde c¢iftlenim sabitinin biiyiik olmasindan
dolayi, pertiirbasyon teorisi kullanilamaz. Orta ve
diisiik enerji bolgesindeki calismalar i¢in pertiirbatif
olmayan teori ve yontemlere ihtiya¢ vardir. Bu
teorilerden bazilari; Kiral Pertiirbasyon teorisi [12-
14], Kuantum Renk Dinamigi Toplam Kurallar1 [15-
16], Mit-Bag Model [17], Effektif Lagrange Metodu
[18] ve Orgii kuramidir [19-21]. Kiral pertiirbasyon
teorisi hadron fizigi arastirmalarinda yogun olarak
kullanilan gii¢li teorilerden biridir. Bu teoride ilk
tekillik yaklasik 400-500 MeV enerji bolgesinde
olusmaktadir. Teorinin daha yiiksek enerji
bolgelerinde kullanilmasi i¢in ¢iftlenmis kanallarda
liniter genisletilmesi yapildi [22]. Béylece Uniter Kiral
pertiirbasyon teorisi hafif hadronlardan agir
hadronlara kadar genis bir bolgede ve giivenli bir
sekilde kullanilmaktadir. Bu ¢alismamizda ii¢c mezon
durumu tiniter kiral pertiirbasyon teorisi kullanilarak
arastirildi.

Hadronlarin kesfinden sonra hem deneysel hem de
teorik ¢alismalar hizla devam etti. Yiiksek enerjilere
cikildik¢a tilsim, iist ve alt kuark iceren hadronlar
kesfedildi. Tilsim kuark iceren J/1’in kesfinden ¢ok
kisa bir siire sonra, bu hadronlarin molekil durumlar
olabilecegi fikri ortaya atildi [23]. 2003 yilinda,
X(3872)'nin Belle’de gozlenmesi ile tilsim kuark
iceren molekiil durumlar yogun bir sekilde calisilmaya
baslandi. Guo ve arkadaslarinin hadron molekiilleri ile
ilgili inceleme makalesinde ayrintilarini verdigi,
carmonyum kiitle bolgesinde, en kiiciik kiitleli mezon

mezon molekiillerinin DD, DD ve D'D oldugunu
belirtmislerdir [11].

Bu ¢alismadaki amacimiz, pionun DD ile birleserek
bir olusturup olusturmadigini
arastirmaktir. Bu li¢ parcacik sistemini incelemek icin
Faddeev denkleminin sabit merkez yaklasiklig1 (FCA)
yontemini kullandik. Makalenin ikinci béliimiinde bu

egzotik molekiil

yontemin 7D*D molekill durumuna uygulanmasi
ayrintih olarak verildi. Ugiincii béliimde ise elde edilen
sonuglar verilip tartisildi.

2. Materyal ve Metot
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2.1. Faddeev sabit
yaklasiklig1 yonteminin 7D*D ’a uygulanmasi

denkleminin merkez

Bu bélimde 7DD iic hadron molekiil durumunu
calisacagiz. Bunun icin Faddeev denkleminin sabit
merkez yaklasikligi yontemini kullanacagiz [24,25].

Bu yontemde, iki mezon (D*E*) kiime olarak alinip,

mezonu bu kiimeden sagtirilir. Sekil 1'de DD
sa¢llmasinin Feynman diyagramlar1 gosteriliyor.

Burada 1(2) pargaciklart D* ( D )Ya Kkarsilik

gelmektedir. 3( @ ) parcacig DD kiimesinden
sac¢llmaktadir.

)if U‘

T oy | 2 0y ] L 2
(e) [(}] (g) (h)

Sekil 1. Faddeev Denkleminin sabit merkez yaklasiklig1 i¢in
Feynman diyagramlari

Pionun kiimenin birinci parcacigi D*’dan sagilarak
baslayan tim diyagramlari toplayarak elde ettigimiz
boliisiim fonksiyonu T; ve kiimenin ikinci parcacig
D ’dan sagllarak baslayan tiim diyagramlarin
toplamiyla elde ettigimiz bolisim fonksiyonu T,
olarak adlandirilir. Sonugta T; ve T,:

T1 = t1 + t1GOT2

T, =t; +1,GoTy (1)

olarak verilir. Burada t; ve t, pionun D* ve D 'dan
sacilmasi yani iki parcacik sagilmasidir. iki pargacik
sa¢llmas1 Lipman-Swinger denkleminin goreli hali
olan Bethe-Salpeter denklemi c¢oziilerek hesaplanir
(Boliim 2.2’de ayrintili bir sekilde verildi.). Toplam ii¢
parcacik sacilma genligi T, T; ve T, toplanarak elde
edilir:

_ tit+ta+2t4t2G
1-t1t,GE

T=T1+T2 (2)

Burada G, Ugilincii pargacigin kiime igerisindeki
ilerleticisidir ve:
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1
m3 + ie

d3g
0 Zm J-(ZT[)S k(CI) 02 qz
s+m3—mk

2vs

(3)
q =

seklinde yazilir. Burada Fy, DD kiimesinin yapl
sabitidir ve mezon mezon i¢in asagidaki gibi yazilir:

Fu(@) = 1 .. 1 1 1
RO =N ] p<kmax © P20, (5) 20, () My — 01() — 02(P)
IP—dl<kmax (4)
(=) ) :
20,0 - ) 20,5 - D/ M — 0,5 — D — 0, — D

Denklem (4)’te, N normalizasyon faktoridiir:

S 1 1 1 z
N :f d3p[ =
p<kmax 20 (B) 20, (P) my, — w1 (B) — 0, (P)

(5)

seklinde hesaplanir. Yapi sabiti ve normalizasyondaki
Kimax denklem (4) ve (5)’teki integralleri regiilarize
eden st sinirdir. Bu makalede, kiimenin yap1 sabitini
hesaplarken kullandigimiz integralin iist sinir1 Ref.
[26]’da hesaplanmis olan k,,,, degeri 1200 MeV'dir.
Ref. [26]'da iki loop fonksiyonun
regiilarizasyonu ayrintili bir sekilde yapilmistir.

mezon

Denklem (4)’te w;(P) ve w,(p), kiimeyi olusturan D*

ve D 'in enerjileridir. Sirasiyla w; = /p? + m? ve
w, = +/P? + m5 ile verilir. Bir sonraki asamada, alan
normalizasyonu yapilmalidir. Bu baglamda tek
sacilma genligi i¢in S-matrisi:

s® = —it, 2(2n)464(k3 + kg —

1 1 1 1

X
V2w3 2w3 /201 A/ 2001
—it, —(27‘[)464(k3 + ky — k3 —ky)
1 1 1 1

X
V2w3 20 /2w, /2w

Cift sacilma genligi icin S-matrisi:

ks = ki)

SO = (6)

S@ = —1(21T)4 64(k3 + ky — ks — k)
1 1 1 1 1 1

\/ng \/20)3 V20, /207 2w, \[2w)

1
f e Do m et

()

ve toplam sacilma genligi icin S-matrisi:
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. 1 44 ’ i
S = —1TV—2(2T[) 8*(ks + ky — ki —ky)
o 1 1 1 1 (8)
\/20)3 \/2(1)’3 \/ka\/Zm{(

Burada, v, durumlarin normalize edildigi kutunun
hacmidir. v degeri (6), (7), (8) denklemleri birbiri ile
karsilastirilirken sadelesmektedir. Bu deger hesabin
sonucuna etki etmediginden sayisal degeri burada
tartisiilmamigtir. Denklem (6), (7) ve (8)'de &*(k; +
k
w3 sirasiyla kiime ve parcacik Ugilin enerjilerine
karsilik gelir. Gortldugi gibi tek sacilma, ¢ift sacilma
ve toplam sac¢ilma genliklerinde alan normalizasyon
faktorleri birbirinden farklidir. Denklem (6), (7) ve
(8)1 birlikte inceledigimizde ve dusik enerji
bolgesinde giivenli bir sekilde kullamlan v2Zw~v2m
yaklasikligim kullandigimizda, alan
normalizasyonundan:

x — K5 —k;) momentum Korunumunu verir. wy ve

_ﬂﬁ ’ fz—_tz

t, =
1 mq mp

9)

faktorlerini elde ederiz. Bu yeni iki parcacik sa¢ilma
genlikleri Z; ve £, kullanilarak toplam sa¢ilma genligi:

t1+E,+28,1,Go

T=T+T,= 666

(10)

elde edilir. £; ve t,; mD* ve 7D iki mezon sacilma
genlikleridir. Bu iki parcacik sagilma genlikleri tiniter
kiral pertiirbasyon teorisinde, Bethe-Salpeter
denklemi ciftlenmis kanallarda ¢oziilerek yapilir.
Clinkii mD* ve 7D
kanallardan da katki gelmektedir. Kiral pertiirbasyon
teorisinin iliniterlestirilmesi ve c¢iftlenmis kanallarin
teoriye neden dahil edilmesi gerektigi Ref. [27]'de
ayrintili bir sekilde verilmistir.

iki parcacik sag¢ilmasina diger

Dikkat edilmesi gereken diger bir husus T’nin
argiimani toplam degismez kiitle enerjisi s iken, iki
pargacik =D genliginin argiimani s; ve s,’dir. Bu iki
argliman asagidaki ifade ile birbiriyle iliskilendirilir:

1
51 =5, =m§+mf(2)+5(s—m —m3) (11)

Burada my, D*E* kiimesinin kutlesidir.
2.2. iki pargacik sagilmasi

Denklem (11)'de, tUg¢ parcacik sac¢ilma genligi
ifadesindeki £; ve £, iki parcacik sa¢ilma genliklerini
hesaplayabilmemiz i¢in Bethe-Salpeter denklemini
¢cozecegiz. Sozde skaler mezon olan pion ve D* vektor
mezonunun etkilesmesi i¢in Bethe-Salpeter denklemi:
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t=1+V6) (-NEFE (12)
seklinde yazilir. Burada E(?j’) gelen(¢ikan) vektor
mezonun polarizasyonudur. Bethe-Salpeter
denkleminin diyagramatik gosterimi Sekil 2’de
gosterilmektedir. Bu denklemin ¢6zimini iiniter
kiral pertirbasyon teorisinde izospin tabanda

D" 0 g _ ; _ \/; 0 g 0 g

Dw —g 0o _ \/Z, 3L o Y
3 2 6 3

neD" 0 Iy 0 % 0 g 0 %y

DIfp —Fy 0 % 0 @ ‘;—y 0

yapacagiz. Izospin (I) I = 1/2’de nD* hesaplamak i¢in
sekiz ciftlenmis kanal, mD*, Dp, ?D;‘, DSE*, nD*, Dw,
n.D", D] /Y birlikte hesaplanir ve izospin I = 3/2 i¢in
iki kanal, mD* , Dp birlikte hesaplanir. (12)
denkleminde V potansiyeldir ve izospin tabaninda:

I

Y

F(s — we.g' (13)

71 —
Vi,j(sﬂ t'u) - =

ile verilir. Burada s ve u Mandelstam degiskenleri, C!

katsayilar1 [ = 1/2 i¢in Tablo 1'de ve [=3/2 icin
Tablo 2’de verilmistir.
Py q 2
= + +
(A Pq Py
T V V ¢ T

Sekil 2. Bethe-Salpeter denkleminin diyagramatik
gOsterimi

Denklem (12)’de G, iki mezon loop fonksiyonudur.
Sozde skaler ve vektdr mezon igin dort vektor
notasyonunda:

dg* 1 1

G =i
1=1 @2m*q2 —m? +ic(P— q)? — M + s

(14)

ile verilir. Burada, P, Sekil 2’de de goriildiigi tizere, iki
mezonun dort boyutlu momentumudur ve iki
mezonun durgun oldugu sistemde: P = (v/s, 0)'dir.

Tablo 2. Denklem (13)’deki I = 3/2 icin C! katsayilar1 [29].

Kanallar nD Dp
nD* 1 1
Dp 1 1

iki mezon loop fonksiyonu icin, integraller analitik
olarak hesaplandiktan sonra Gi:

MZ —mf +s

mf Mi
o; + LogF + 2 0g—
1

1=

" 16m?

(Log

elde edilir. Burada p, kiitle merkezi gcergevesinde iki

s — M? + m? + 2py/s
—s +M? —m? + 2pvs

p

N (15)

S+M12—m12+2p\/§>
—s —M? + m? + 2pvs

+ Log

mezonun i{ic momentumudur ve asagidaki sekilde
hesaplanir:

_ VG = my +mp)?)(s — (my —my)?)
p s

(16)

Denklem (15)'de u, regiilarizasyon skalasi ve «;,
cikarma sabitidir. Bu ¢alismada ¢ = 1500 MeV ve #D*
icin a; = —1,55 olarak kullanilmistir. Cikarma sabiti
a;, Ref. [28]'da goriilecegi gibiC =1, S=1,1=1/2
sektorii icin D; (2430) mezonunu elde edecek sekilde
belirlenmistir.

3. Tartisma ve Sonug

Bu boliimde 7DD iic mezon durumu i¢in sonuglari

et o verecegiz. Faddeev denkleminin sabit merkez
'Il‘lablo L D*enklem (13)_d?kl L __1*/2 1g1r1C katsaylar: EZS]' yaklasiklig1 yontemi ile sagilma genligi T'yi hesapladik.
Kanallar 7D Do KD; DK 1D Do neD” DI/Y - Yykarida bahsettigimiz gibi, hesaplari izospin tabanda
D" 2 Y 3 0 0 Y 3y yaptik. Bu nedenle aymi izospin c¢okluda olan
2 2 2 pargaciklar ayni kiitleye sahiptir. Hafif sézde skaler
mezonlarin yiikk bazinda kiitleleri pion i¢in m_z =
D Y- 2 o 3 7 0 VI 0 . T
p 2 -3 2 14 139,57 MeV ve m,o = 134,98 MeV'dir. Boylece
izospin bazda pionun kiitlesini:
Zn* 3 3 2 2y
KD; 2 0 -1 0o 2 _ \/:, 0o —
’ =¥ v = 2t £ 37975 Mev
DK 0 3 -1 2 3. e 3 S ) (17)
: 2 ARG
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olarak kulandik. Benzer sekilde, yiik bazinda vektor
mezon my+« = 2006,85 MeV ve mp.+ = 2010,26 MeV
kiitleye sahiptir, izospin bazda:

_ 2mpex +mpeo

3 (18)

mps = 2009,123 MeV
olarak kullandik. Potansiyelde karsimiza ¢ikan hafif
mezonlar i¢cin leptonik bozunma sabiti f; = 93 MeV ve
agir mezonlar i¢in bozunma sabiti f, = 1,77 f; olarak
hesaba katildi. Hesabimizi izospin tabanda
yaptigimizdan iki parcacik sagilmalari t;p-ve t_z+'in

I =1/2vel = 3/2 katkilarini hesapladigimizda:

P 7 1 =1,
(DD |T|xDD’) = <§tnD* 3ty )
2 =3, 1 =1,
+(§tn5* +§tn5* )

2 1=3/2

(19)

seklinde elde ettik [29].

Ug parcacik sagilmasinda t,p+ girdi olarak kullanildi.

DD kiime olarak alindi ve pion bu kiimeden
sactirilarak hesap yapildi. Kiimenin yapi sabitinin
grafigi Sekil 3’te gosterilmektedir. Beklenildigi gibi
yap1 sabiti 1’den baslayip azalmaktadir.

1
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0.6 |

Fla)
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0.4 |
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0.2}
0.1

\.,\\¥_
0 . e

0 500 1000 1500 2000
q (Mev)

Sekil 3. D*D kiimesi icin yap1 sabiti.

2500

Ug mezon i¢in genligin mutlak degerinin karesi Sekil
4’'te gosterilmektedir. Burada goriildigi gibi pik
pozisyonu parcacigin varligini gostermektedir. Sekil
4’te gorildigii lizere 4156 MeV kiitleli ve genisligi I' =
130 MeV olan yar1 bagh egzotik molekiil durumu
vardir. Bu mezonun toplam izospini =1 'dir.
Buldugumuz bu molekill mezon, Particle Data
Group’daki (PDG) [30] I¢(JP¢) =77 (?%") Bilinmeyen
kuantum sayili kiitlesi 415332 MeV ve genisligi
136%52 MeV olan X(4160) mezonuna karsilik gelebilir.
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20000 \-,

15000
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Sekil 4. 7DD ic mezon molekiill durumunu genliginin
mutlak degerinin karesi
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Yani oOzetleyecek olursak, X(4160) 7DD molekiil
durumu olas1 kuvvetle muhtemeldir. Tabi ki bu
O6ngoriiniin netlesmesi i¢in farkli teorik metotlarin
ayni sonucu vermesi i¢in ¢alismalar yapilmalidir.
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Keywords Abstract: There are 22 species of the genus Globularia L. (Plantaginaceae) in the
Globularia sp., world. This genus is represented by 11 taxa in Flora of Turkey. Five of these 11 taxa
Stem anatomy, are endemic to Tiirkiye. The aim of this study is to examine stem and leaf anatomy
1];?;; ;na;;(;?g;e of four taxa of Globularia (Globularia davisiana 0. Schwarz, G. aphyllantes Crantz, G.
Tﬁrkiyge ’ alypum L.ve G. orientalis L.) in Tiirkiye. Stem and leaf sections of the taxa were taken

with a Leica slide microtome. The anatomical features of plants were examined
under a light microscope and their photographs were taken with a Leica DFC 290
digital camera attached to the microscope. According to the study results, the
studied taxa has the equifacial leaves and anomocytic type of stomas. The stem and
leaves of them have covering secretion trichomes. The related anatomic characters
on stem and leaf were discussed and the anatomical features of the species were
compared with each other according to these characters.

Tiirkiye'de Yetistirilen Bazi Globularia L. (Plantaginaceae) Taksonlarinin Gévde ve Yaprak Anatomileri
ve Sistematik Onemi

Anahtar Kelimeler Ozet: Globularia L. (Plantaginaceae) cinsinin diinyada 22 tiirii bulunmaktadir. Bu
Globularia sp., cins Tirkiye Florasinda 11 taksonla temsil edilmektedir. Bu 11 taksonun 5'i
Govde anatomisi, Tiirkiye'ye endemiktir. Bu calismanin amaci Tirkiye'de Globularia'ya ait dort
Yaprak anatomisi, taksonun (Globularia davisiana 0. Schwarz, G. aphyllantes Crantz, G. alypum L. ve G.
Plantaginaceae,

orientalis L.) govde ve yaprak anatomisini incelemektir. Taksonlarin gévde ve
yaprak Kesitleri Leica slayt mikrotomuyla alinmistir. Bitkilerin anatomik 6zellikleri
151k mikroskobu altinda incelendi ve mikroskoba takilan Leica DFC 290 dijital
kamera ile fotograflari ¢ekilmistir. Arastirma sonuglarina gore, incelenen taksonlar
es yizli yapraklara ve anomositik tipte stomalara sahiptir. Bunlarin goévde ve
yapraklarinda ortiicli salgi trikomlar1 bulunmaktadir. Gévde ve yaprakdaki ilgili
karakterler tartisilmis ve tilirlin anatomik oOzellikleri bu karakterlere gore
birbirleriyle karsilastirilmistir.

Tiirkiye

*This article is derived from Serhan Koray CIFCI's master's thesis.

1. Introduction
family Plantaginaceae, nativeto central and

The genus Globularia L. is a member of the southern Europe, Macaronesia, northwest Africa
Plantaginaceae family. Under the old Cronquist and southwest Asia (1-8).

system of plant classification, they were treated

in their own family, Globulariaceae, but genetic The genus Globularia L. (Plantaginaceae) is
evidence has shown that the genus belongs in the represented by approximately 22 species in the
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World. The genus is represented by 11 taxa in the
Flora of Tiirkiye. In Tiirkiye, some woody species
belonging to the genus Globularia grow naturally
and some of them are endemic [1]. And Tiirkiye
hosts the highest number of Globularia taxa after
the European continent.

The genus is called “Sphere Flower” and
members of the genus are seen in the
Mediterranean, Euro Siberian and Irano Turanian
phytogeographic region in Tiirkiye. They spread
in temperate regions in Tiirkiye and are generally
found in calcareous lands, slopes and rock piles
among stone piles. They are usually small shrubs
and evergreen perennial herbs (2-9).

Most genus species are known asglobe
daisies or globularias. The flowers are produced
in dense inflorescences (capitula) held above the
stem with numerous tightly packed purple, violet,
pink or whiteflowers. Some genus species are
used as food plants by thelarvae of
some Lepidoptera species including Coleophora
virgatella. Several members of the genus, such
as G. cordifolia and G. punctata, are cultivated and
sold for garden use (10).

Some of them are traditionally used as diuretics,
laxatives, carminatives and tonics and for the
treatment of hemorrhoids (11-12) Various
publications on this genus in recent years have
revealed that there are some taxa that secrete
various chemical compounds (13).

An important part of the information about the
stem and leaf anatomical features of Globularia
taxa was given for the first time by Metcalfe and
Chalk [14]. The focus of the researchers was
especially glandular hairs. Leaf anatomical
features were studied by Kupfender [15] and
Heckel [16], and their work was particularly
valuable for Globularia. Luhan [17], in his study,
revealed that the arrangement of idioblasts in the
shell of stem cells is in the form of a wall mesh. In
addition, the stem structure of G. salicina was
studied by Carlquist [18].

In today, plant taxonomical studies on leaf and
stem anatomies have a very important place in
defining systematic relationships. As a result of
the literature review, no study was found on the
leaf and stem anatomy of Globularia’s taxa. The
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aim of this study is to determine the anatomical
characters of the Globularia species (G. davisiana,
G. aphyllantes, G. alypum and G. orientalis) and to
contribute to the understanding of their kinship
relationships and systematic value.

2. Materials and Methods

Plants belonging to Globularia genus; G.
davisiana, G. aphyllantes, G. alypum and G.
orientalis taxa (Figure 1A-D) were collected from
their natural environments (by Associate
Professor Dr. G. Akgiil) (Table 1). Photographs
were taken during the collection.

Anatomical studies were carried out on the
samples kept in alcohol 70%. Similarities and
differences between the species were revealed in
terms of anatomical features according to the
characters related to epidermis, stomata,
mesophyll tissue, vascular bundles, leaf thickness
and trichome types.

Paraffin method was applied to stem and leaf
samplesin 70% alcohol [19]. 10-12 pm from stem
samples and 8 -10 um thick sections from the leaf
samples were taken with a Leica slide microtome.
Leaf and stem sections of the taxa were stained
with fast green-safranin [19], and the sections
were closed with canadian balsam. The
anatomical features of plants were examined
under a light microscope and their photographs
were taken with a Leica DFC 290 digital camera
attached to this microscope.

The hard structure and porosity of the woody
stems of G. davisiana, G. alypum, G. orientalis and
G. aphyllantes, which are in the Globularia genus,
and the inability to saturate with paraffin
sufficiently caused the sections to rupture and
fragment. Therefore, hand sections were also
taken with a razor blade and stained with 10%
safranin. In the studies carried out with the
sections taken from the surface, 20 superficial
sections were taken manually, separately from
both surfaces of 5 randomly selected leaf samples
from each species, both upper and lower. Stoma
index and stoma index ratios were calculated by
determining the number of epidermis and
stomata in mm?2 on both surfaces of the leaf. Leica
Application Suite (LAS) v3.4 program was used in
the measurements.
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Figure 1A. Habitat images of G. davisiana B. G. aphyllantes C. G. alypum D. G. orientalis (Photos taken by G. Akgiil).

Table 1. The localities of Globularia taxa.

Taxon Locality Collector
G. davisiana* | Antalya-Kemer
G. aphyllantes istanbul
G. alypum izmir: Mordogan | G. Akgil
G. orientalis Nevsehir

* Endemic to Tiirkiye

3. Results

Dicotomic key for the species according to
anatomic characters
1.Tracheal elements mostly surrounded by few
parenchyma cells and sponge paranchyme
contains fewer chloroplast than the palisade
............................................... G. aphyllantes
1. Tracheal elements not as above and sponge
paranchyme contains less chloroplast than the
palisade
2. Stomatal
Davisiana
2. Stomatal density less than 1
3. Mesophll thickness 155 pm.....G. orientalis
3. Mesophll thickness 83 pm...........G. alypum

density greater than 1.G.

3.1. Leaf and stem anatomical features of G.
davisiana

In the samples collected from Antalya-Kemer
(Table 1), the stem has a secondary structure
(Figure 2A). The long rectangular shaped
epidermis cells covered with a thick cuticle
(Figure 2B). The epidermis has stomata and
glandular hairs. In the cortex below the epidermis
there are 5-6 rows of cells. The cortex is usually
thick-walled and consists of polygon-shaped
sclerenchyma cells in groups, with fewer
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squamous or oval parenchyma cells (Figure 2C).
The cambium consists of 2-3 rows of thin-walled
cells. Cambial cells are not prominent. The
phloem covers a narrower area than the xylem.
The stem has a large parenchymatic pith in the
center (Figure 2D). The cells are arranged
radially on top of each other and are usually
rectangular in shape. Although tracheal elements
surrounded by  parenchyma cells are
encountered in the xylem, the majority are
sclerenchyma cells (Figure 2E).

The upper and lower epidermal cells are similar
to each other (Figure 2F). The stomata are of the
mesomorph type (Figure 2G), There are short-
stalked peltate glandular hairs on the lower and
upper surfaces of the leaves (Figure 2H). The
mesophyll consists of sponge parenchyma, which
is located irregularly between the two palisade
parenchyma. Palisade parenchyma cells are in 4-
5 rows. The leaf is isolateral. The cylindrical and
long palisade parenchyma contains abundant
chloroplasts. Sponge parenchyma occupies less
space. It is seen that prominent parenchymatic
bundle sheath cells seen in the sponge tissue
surround the small vascular bundles arranged in
the tissue. The large collateral central vascular
bundle is located in the midrib of the leaf (Figure
2I). The average thickness of the mesophyll is
296,851 um (Table 2).

In the sections taken from the lower and upper
surfaces of the leaves, there are epidermal cells
with polygonal shape, slightly wavy walls and
simple passages that can be easily observed.
Amaryllis type stomas are seen in sections taken
from the leaf surface (Figure 2J-L). The
neighboring cells of the stoma are the same as the
epidermal cells and their number varies between
4-5. Stomas are of anamocytic type, with an
average of 77,519 on the upper surface and
78,895 on the lower surface in mm? (Table 2).
The leafis amphistomatic. The average number of
epidermis cells on the upper surfaces of the
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leaves is 848,708 per mm?, and 887,573 on the
lower surface (Table 2). In the section taken from
the upper surface of the leaf, it is seen that the
palisade parenchyma cells are round and oval in
shape (Figure 2K). Chloroplasts are arranged

along the cell wall and are dense. Sponge
parenchyma cells have more intercellular spaces
and contain less chloroplasts than palisade
parenchyma (Figure 2M).

Figure 2. G. davisiana A. Stem in cross section, Bar=200 pm, B. epidermal and cortex cells, Bar=50 um, C.
scleranchyma cells, Bar=50 pm, D. xylem and pith, Bar=200 um, E. cambium, phloem and xylem, Bar=50
um. F. leaf cross-section, Bar= 20 pm G. leaf cross-section stomata in epidermis, Bar 2 um. H. leaf peltate
glandular hair in epidermis in cross-section, Bar=50 pum. I. large vascular bundle (middle vein) in mesophyll
tissue in leaf cross-section, Bar=2 pm. J. epidermis and stoma in leaf upper tangential section, K. palisate
parenchyma in upper leaf tangential section, L. epidermis and stoma in leaf lower tangential section, M.
sponge parenchyma in leaf lower tangential section, (J-M) Bars=50 pm.

Abbreviations :

Ep: Epidermis, Co: Cortex, Cu: Cuticle, Ca: Cambium, Xy: Xylem, Ph: Phloem, Sc:

Sclerankima, St: Stoma, pp: Palisate parenchyma, sp: Sponge parenchyma, LEp: Lower epidermis, UEp:
upper epidermis, vb: vascular bundle, Tr: Trichome, pi: Pith.

3.2. Leaf and stem anatomical features of G.
aphyllantes

In the samples collected from Istanbul (Table 1.),
the stem is in a secondary structure (Figure 3A).
There are 4-6 wing-like protrusions on the stem.
A thick cuticle layer covers the rectangular and
elongated epidermis cells. Stoma and glandular
hairs were occasionally found in the epidermis
(Figure 3B-C). There is a cortex with 6-7 cell rows
under the epidermis. In the cortex, mostly thick-
walled, polygonal shaped sclerenchyma cells are
In the transverse section of the leaf, the upper and
lower epidermis are similar to each other (Figure
3F). Cells are almost similar in shape and size. The
mesophyll consists of sponge parenchyma, which
is located irregularly between the two palisade
parenchyma. Palisade parenchyma cells are in 4-
6 rows. Sponge parenchyma occupies a lesser
area (Figure 3G). The average thickness of the
mesophyll is 242,389 um (Table 2). The leaf is
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located in bundles throughout the stem (Figure
3D-E). Phloem is easily distinguished by its thin-
walled cells. The phloem consists of thin-walled
cells, while the cambium consists of 1-2 rows of
thin-walled cells. The xylem covers a larger area
than the phloem. Cambial cells are not prominent.
The xylem also contains tracheal elements,
mostly surrounded by few parenchyma cells
(Figure 3E). It is seen that the stem occupies a
large space in the center and the pith is
parenchymatic (See Figure 3D).

equifacial (isolateral). The cylindrical and
elongated palisade parenchyma contains
abundant chloroplasts. There are a row of
parenchymatic bundle sheath cells around the
vascular bundle. In the middle mesophyll, there
are vascular bundles that appear to be arranged
regularly at regular intervals. The bundles are
collateral type. Distinct parenchymatic bundle
sheath cells surround the small vascular bundles.
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The large collateral central vascular bundle is
located in the midrib of the leaf (Figure 3H).

In the upper and lower superficial sections of the
leaves, there are polygonal epidermal cells with
slightly wavy walls. The stomata seen in the
sections taken from the leaf surface are of the
amaryllis type (Figure 3I-K). The neighboring
cells of the stoma are the same as the epidermis
cells and their number varies between 4 and 5.
Stomas are of anamocytic type, with an average of
118,343 on the upper surface and 157,790 on the

lower surface in mm? (Table 2). The leaf is
amphistomatic. The average number of
epidermis cells on the upper surfaces of the
leaves is 111,111 per mm?Z, and 143,459 on the
lower surface (Table 2). In the section taken from
the upper surface of the leaf, the part with oval
and round shaped cells represents the palisade
parenchyma (Figure 3]). They have dense
chloroplasts arranged along the cell wall. Sponge
parenchyma cells contain fewer chloroplasts than
the palisade (Figure 3L).

Figure 3. G. aphyllantes A. Stem in cross section, Bar=50 um, B and C. Protrusion regions and cortex cells
on stem, Bar=50 pum, D. Scleranchyma cells and pith region, Bar=200 pum, E. Xylem, Phloem and cambium,
Bar=50 pm, F. Leaf cross-section, Bar= 10 pm G. Mesophilic tissue in leaf cross-section, Bar=50 pm. H. Large
vascular bundle (middle vein) in mesophyll tissue in leaf cross-section, Bar=50 pum. I. Epidermis and stoma
in upper leaf tangential section, J. Palisade parenchyma in upper leaf tangential section, K. Epidermis and
stoma in leaf lower tangential section, L. Sponge parenchyma in leaf lower tangential section, (I-L) Bars=50

pm.

3.3. Leaf and stem anatomical features of G.
alypum

In the samples collected from izmir-Mordogan
(Table 1), the stem is in a secondary structure
(Figure 4A). There are 4-6 wing-shaped
projections on the stem (Figure 4A-E). There is a
thick cuticle layer on the long rectangular
epidermis cells. The stem has a large
parenchymatic pith in the center (Figure 4A-D).
There is a cortex with 6-7 cell rows under the
epidermis. In the cortex, mostly thick-walled,
polygonal shaped sclerenchyma cells are located
in bundles throughout the body (Figure 4F).
Phloem is composed of thin-walled cells. It is
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striking that the cells form a radial shape by
stacking them on top of each other. The cells
forming the cambium appear to have 1-2 rows of
thin-walled structures. The area occupied by the
phloem is much narrower than the area of the
xylem. There is no distinct cambium. In the xylem,
a large number of sclerenchyma and a small
number of tracheal elements between
parenchyma cells are seen (Figure 4G).

In the cross-section of the leaf, the lower and
upper epidermis cells are similar (Figure 4H).
Mesomorph type stoma is seen on the both
surface. The average thickness of the mesophyll is
82,796 um (Table 2).



S. K. CIFCI et al. / Stem and Leaf Anatomies of Some Globularia L. (Plantaginaceae) Taxa Grown in Tiirkiye and Their Systematic Value

The mesophyll consists of sponge parenchyma,
which is located irregularly between the two
palisade parenchyma. Palisade parenchyma cells
are in 4-5 rows (Figure 4H). The leaf is isolateral.
The long cylindrical palisade parenchyma
contains  abundant chloroplasts.  Sponge
parenchyma occupies less space (Figure 4I).
There are short-stalked peltate glandular hairs
on the lower and upper surfaces of the leaves
(Figure 4.J-K). Bunch sheath cells surrounding
the vascular bundles are seen in the sponge
tissue. Vascular bundles are seen in the midrib of
the leaf (Figure 4L)

In the sections taken from the upper and lower
surfaces of the leaves, there are epidermal cells
with polygonal shape, slightly wavy walls, and
simple passages can be observed. The stomata
seen in the sections taken from the leaf surface
are of the amaryllis type (Figure 4M-0O). The
neighboring cells of the stoma are the same as the
epidermal cells and their number varies between
4 and 5. The stomata are of anamocytic type, with
an average of 157,790 on the upper surface and
198,807 on the lower surface per mm? (Table 2)
The leaves are amphistomatic.

The average number of epidermis cells on the
upper surfaces of the leaves is 1527,272 per mm?,
and 710,059 on the lower surface (Table 2). In the
section taken from the upper surface of the leaf, it
was observed that the palisade parenchyma cells
were round and oval shaped. (Figure 4N). There
are dense chloroplasts lined up along the cell
walls. Sponge parenchyma chloroplast amount is
less than the palisade (Figure 4P).

3.4. Leaf and stem anatomical features of G.
orientalis

In the samples collected from Nevsehir (Table 1),
the stem is in a secondary structure (Figure 5A-
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B). Epidermal cells have a thick cuticle layer
(Figure 5C). There is a cortex with 6-7 cell rows
under the epidermis. In the cortex, mostly thick-
walled, polygonal sclerenchyma cells are located
in bundles throughout the stem (Figure 5D).
Phloem is composed of thin-walled cells similar
to other species. Cells are mostly rectangular in
shape. Tracheal elements can be observed in the
xylem, surrounded by a few parenchyma cells,
mostly sclerenchyma (Figure 5E). The stem has a
large and parenchymatic pith in the center.

In the cross section of the leaf, the upper and
lower epidermal cells are similar (Figure 5F).
Mesomorph type stoma is present. The mesophyll
consists of sponge parenchyma, which is located
irregularly  between the two palisade
parenchyma. Palisade parenchyma cells are in 4-
5rows. The leafis isolateral. Vascular bundles can
be observed in the leaf mesophyll (Figure 5G).

The epidermis cells seen in the sections taken
from the upper and lower surfaces of the leaf
have a polygonal shape and slightly wavy walls.
Amaryllis type stomata are seen in leaf superficial
sections (Figure 5H-]). The neighboring cells of
the stoma are the same as the epidermis cells and
their number varies between 4-5. Stomas are of
anamocytic type, with an average of 109,890 on
the upper surface and 177,514 on the lower
surface in mm? (Table 2).

The leafis amphistomatic. The average number of
epidermis cells on the upper surfaces of the
leaves is 1276,595 per mm?2, and 1005,917 on the
lower surface (Table 2). In the section taken from
the upper surface of the leaf, oval-shaped and
rounded palisade parenchyma cells are observed
(Figure 5I). Chloroplasts are dense and arranged
along the cell wall. Sponge parenchyma contains
less chloroplasts than the palisade (Figure 5K).
The average thickness of the mesophyll is
155,443 pm (Table 2).
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Figure 4. G. alypum A-B. Stem in cross section, (A) Bar=10 um, (B) Bar=2 pm, C-D. Pith region on stem, (C)
Bar=500 um, (D) Bar=200 um, E. Protruding wings on stem Bar=50 pm, F. Sclerenchyma cells, Bar=50 pm,
G. Xylem, phloem and cambium, Bar=50 pm, H. leaf cross-section, Bar=500 pm I. Leaf cross-section,
mesophyll tissue, Bar=200 um. J. Leaf peltate glandular hair in cross-section, Bar=50 um. Enlarged form of
K. peltate glandular tricome. Bar=20 um. L. Large vascular bundle (middle vein) in mesophyll tissue in leaf
cross-section, Bar=50 pm. M. Epidermis and stoma in leaf upper tangential section, N. Palisade parenchyma
in upper leaf tangential section, 0. Epidermis and stoma in leaf lower tangential section, P. Sponge
parenchyma in leaf lower tangential section, (M-P) Bars=50 pm.

Figure 5. G. orientalis A-B. Stem in cross section, (A), Bar=10 pm, (B), Bar=50 um, C. Epidermis cells in
stem, Bar=500 um, D. Cortex and pith, Bar=200 pum, E. Xylem, phloem and cambium, Bar=50 pm, F. Leaf
cross-section Bar=200 um G. Large vascular bundle (middle vein) in mesophyll tissue in leaf cross-section.
Bar=50 pm. H. Epidermis and stomata in leaf upper tangential section. I. Palisade parenchyma on leaf upper
tangential section J. Epidermis and stoma on leaf lower tangential section K. Sponge parenchyma on leaf
lower tangential section. (M-K) Bars=50 pm.
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Table 2. Mesophyll thickness, stoma in mm?, epidermis numbers and stoma index, stomatal density in

Globularia taxa.

mesophyll Section NuSTob:lg of Eplg;{?al stomatal | stomatal
Taxa names Thickness Surface (piece/mm2) | (piece/mm2) index density
(nm)
Upper surface 77,519 848,708 0,0836
G. davisiana 296.851 1,0245
Lower surface 78,895 887,573 0,0816
Upper surface 118,343 111,111 0,5157
G. 242.389 0,9849
aphyllantes Lower surface 157,790 143,459 0,5236
Upper surface 157,790 1527,272 0,0936
82.796 0,4279
G. alypum
Lower surface 198,807 710,059 0,2187
Upper surface 109,890 1276,595 0,0792
155.443 0,5283
G. orientalis Lower surface 177,514 1005,917 0,1499

4. Discussion and Conclusion

In this study, stem and leaf anatomies of some
Globularia L. (Plantaginaceae) species
distributed in Tiirkiye were examined for the first
time and discussed. The epidermis, stomata,
mesophyll tissue, vascular bundles, leaf
thicknesses and tricome types of four species (G.
davisiana, G. aphyllantes, G. alypum and G.
orientalis) belonging to the genus Globularia were
investigated anatomically. According to the
results of this study, it was seen that these four
species belonging to the genus Globularia showed
some similarities and differences in terms of leaf
and stem anatomies.

In all of the four species examined, it was
observed that the epidermis cells were usuallly
similar to each other in the cross-sections of the
stem and were single-row and rectangular in
shape.

Although there are winged protrusions on the
stems of G. aphyllantes and G. alypum, no such
protrusions were found in G. davisiana and G.
orientalis.

An important part of the information about the
stem and leaf anatomical features of Globularia

In the upper and lower superficial sections of the
leaves of the four species belonging to the genus
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taxa was given for the first time by Metcalfe and
Chalk [14]. The focus of the researchers was
especially the glandular hairs. Leaf anatomical
features were studied by Kupfender [15] and
Heckel [16], and their work was particularly
valuable for Globularia. Luhan [17], in his study,
revealed that the arrangement of idioblasts in the
shell of stem cells is in the form of a wall mesh. In
addition, the stem structure of G. salicana was
studied by Carlquist [18]. Carlquist’'s s work is
stated Globulariaceae proved to have distinctive
wood anatomy. In leaf, small glandular hairs with
a short stalk cell and a head of two or four cells in
one plane are characteristicc Branched
sclerenchymatous idioblasts are known from the
mesophyll of G. orientalis. The structure of the
principal vein has been used as a systematic
character. The fascicle is either connected to the
epidermis on both sides by collenchyma, or it is
surrounded by mesophyll (15, 16).

In this study, in leaf cross-section, vascular
bundles are collateral type in all the species and
the phloem surrounds the xylem. In the
conduction bundles, the sclerenchyma has the
appearance of an arc. There are covering
glandular hairs in all the species. In terms of leaf
thickness, G. davisiana and G. alypum have the
smallest value (See Table 2).

Globularia, the epidermis cells are slightly wavy-
walled or polygonal.
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In G. alypum, the number of epidermis cells per
mm?2 on the upper surface was higher than the
lower surface, while in other species, the number
of epidermis cells per mm? on the lower surface
was higher than the upper surface (See Table 2).

Anatomically, the leaves have some similarities.
The leaves of all the taxa have amphistomatic type.
It was determined that there were amaryllis type
stomata in the species examined, and it was
explained that it could be anomocytic type
depending on the condition of its neighboring
cells. All the taxa have equifacial (isolateral) type
leaves.

The taxa are divided into two main groups
according to the dichotomic key obtained in the
study according to anatomical characters of the
stem and leaves. The number of chloroplasts in
the sponge parenchyma of G. davisiana, G.
orientalis and G. alypum in the first group is less
compared to the palisade, and few in G.
aphyllanthes in the second group. Three species
(G. davisiana, G. orientalis, G. alypum) in the first
group differ from each other according to
stomatal density and mesophyll thickness. This
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Anahtar Kelimeler
[zomorfizm teoremi,

Alt caprazlanmis kare,
Caprazlanmis kare ideali.

Ozet: Cebirlerin caprazlanmis modiillerine ek bir boyut daha eklendiginde ortaya
¢ikan degismeli cebirlerin ¢aprazlanmis kareleri icin izomorfizm teoremleri bu ma-
kalenin ana konusunu tegkil etmektedir. Bu baglamda, ¢capraz kare ideal, goriintii ve
boliim ¢apraz kareleri gibi kavramlarin yani sira ¢aprazlanmis kare morfizmleri igin
cekirdek kavramini da kapsayan degismeli cebirlerin ¢aprazlanmis karelerinin ta-
nimi verilmistir. Calisma, izomorfizm teoremlerinin bu yapilara nasil uygulandigini
tartismakta ve bu ¢ergeve icin ayrintili kanitlar sunmaktadir. Ayrica, daha énce bu
yapilarda tanimlanmamis olan béliim caprazlanmis kareleri gibi baz1 gerekli kav-
ramlar da sunulmakta ve bunlarin bazi temel 6zellikleri incelenmektedir. Bu ¢a-
lisma, ¢aprazlanmis n-kiipler de dahil olmak tizere bir dizi farkli yapiya olasi genel-
lestirme firsatlar1 sunmaktadir.

Isomorphism Theorems for Crossed Squares of Commutative Algebras

Keywords
Isomorphism theorem,
Subcrossed square,
Crossed square ideal.

Abstract: The isomorphism theorems for crossed squares of commutative algebras,
which arise when the crossed modules of algebras are given an extra dimension, are
the main subject of this paper. The definition of crossed squares of commutative al-
gebras is given in this context, encompassing ideas like the crossed square ideal, im-
age, and quotient crossed squares, as well as the kernel for crossed square mor-
phisms. The study discusses the way how isomorphism theorems are applied to
these structures and offers detailed proofs for this framework. Moreover, some nec-
essary concepts such as quotient crossed squares, which were not previously spec-
ified in these structures, are also presented, and some basic properties are exam-
ined. The study provides opportunities for possible generalization to a number of
different structures, including crossed n-cubes.

1. Introduction

One of the most fundamental problems in mathemat-
ics, specifically in the field of algebra, is determining

Historically, the concept of algebra and its properties
have formed the foundation of mathematics. Algebras
are rich algebraic structures that roughly combine two
ring structures together and are among the most im-
portant structures in algebra, so much so that they are
synonymous with the name of the field itself. Through
years of research. it has been discovered that many
structures existing in group and ring theories can also
be transferred to algebras.

* Corresponding author: seliimcetin@gmail.com
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whether two structures are identical. The most
straightforward way to perform this verification in al-
gebra is by using isomorphisms. However, the answer
to whether there exists an isomorphism between two
algebraic structures is not always obvious.

Isomorphism theorems, which provide a reference
pattern for identifying many pairs of isomorphic alge-
braic structures, offer an extremely useful approach to
this fundamental problem in algebra and thus have
numerous applications. In this regard, investigating
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whether isomorphism theorems hold for different al-
gebraic structures constitutes a fundamental and cru-
cial step in thoroughly understanding the related alge-
braic structure.

When examining the crossed modules of commutative
algebras structurally, it is evident that this area con-
tinues to develop significantly. The concept of a
crossed module was first defined for groups by J.H.C.
Whitehead [1] in his work on homotopy groups. Since
then, the concept of a crossed module has contributed
significantly to various fields. M. Gerstenhaber [2] and
also M. Schlessinger and S. Lichtenbaum [3] conducted
different studies on the crossed modules of associative
and commutative algebras. T. Lue [4] adapted the con-
cept of semi-completeness existing for groups to the
crossed module of groups. G.J. Ellis [5] further devel-
oped the concept of a crossed module dimensionally
by defining crossed n-cubes for n = 1,2,3 in the group
category. T. Porter [6] examined the category of
crossed modules for commutative algebras in his re-
search. KJ. Norrie [7] transferred many existing theo-
rems and results for groups to the crossed modules of
groups. Additionally, G.J. Ellis [8] provided the defini-
tion of a crossed square for commutative algebras.
N.M. Shammu [9] studied the crossed modules of asso-
ciative algebras algebraically and categorically,
providing the definition of a crossed square for associ-
ative algebras. Later, Z. Arvasi [10], U. Ege and H.G.
Akay [11] obtained significant findings on crossed
modules in commutative algebras in their studies. For
more information on crossed modules and crossed
squares, the reader can refer to [12-22].

2. Material and Method

In this subsection, the definition and square homo-
morphism of crossed squares of commutative alge-
bras are expressed.

2.1. Crossed squares of algebras

The definition of crossed squares of commutative al-
gebras will be given below. For this, we first recall that
the action of a IK — algebra R on a K — algebra C is a
function R X C — C that satisfies the conditions

r-(c16) = (r-c)e; = ¢1(r - ¢cy)
(nr)-c=mr-(0-c)

for all r,r, 1, € R and ¢, ¢y, c, € C. Moreover, if R is
unital, it is also required that 1 - c =c for allc € C.
We also recall that a crossed module of commutative
K — algebras is a structure of the form (C, R, d), where
Ractson(C,0d : C - Ris aK — algebra homomorphism
and the conditions

(CM1) a(r - ¢) =rd(c)

(CM2) d(cy) - ¢; = ¢4

are satisfied forallr € Rand ¢, ¢y, ¢, € C.

Definition 2.1.1 Let R be a unitary K — algebra, L, M
and N be R —algebras. Given a following commutative

diagram

> M
X Ju
R

N

»
»

\2

with a function h: M X N — L since L, M and N are
R — algebras, R acts on them. Morever, M acts on L
and N through u such that é-e=pu(é)-eand ¢-
¢c=u(é) -cgforall ¢ceN, £ € Mand ¢ € L while N
acts on L and M through v such that ¢-e=v(¢)-¢

and ¢- §=v(5)" S
Ifforall ke K €L, §, ¢ EM¢g ¢'EN
and r € R;

i)

bras.
foralle € Landr € R;
Alr-e) =1-2)
ANir-e)=r-A()
forallk e K, ¢ €M, ¢ EN;
kh(§,¢) = h(k$,6) = h($,k¢)
forall ¢, é&'eM, ¢ ¢ €N;
h(§+ &',¢) =h($,6) +h(E,¢)
h(§, 6+ ¢) =h(§¢) +h(E6)
forall reR, {€EMand ¢E€EN;
r-h(§,¢)=h(r- §¢)=h(&T ¢)
forall £ € M and ¢ € N;
Ah(E,6) =¢- &
Yh(§,0)=¢-¢
foralle e L, £ e Mand ¢ € N;
h(de,¢) = ¢ ¢

h(&ENe)= €& ¢

Then, following such a structures is called

A

vii)

L

»
»

/‘l,

M
JH
R

Definition 2.1.2 Let there be a crossed square

N

»
»

\2

crossed square of commutative algebras.
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(L,M, ), (L,N, 2", (M,R, ), (N,R,v) and
(L, R, pAd) are crossed modules of alge-
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A A
Ll 1 > M1 1 n] > I
A H1 A H
> > R
Nl » R]_ ] v
Vi
is a crossed square of algebras, where R acts on I, ]
Cy and a crossed square and I N J by multiplication. The conditions for being a
A, crossed square are obviously satisfied in this case.
L, > M,
2.2. Subcrossed squares
Ay Ha In this subsection, the definition of sub-crossed
squares of commutative algebras is presented.
Definition 2.2.1 Let
N, > R,
Vs L A » M
C,. A crossed square homomorphism ¢: C; — C, is a
quadruple ¢ = (e, B,y, §) such that the following 2
L= ! H
Az
L2 = M2
a B
/‘1’2 #2 N AV > R
A‘l il
Ly > M, be a crossed square.
l IfA<L B<M,C <N,D < R such that the structure
N, > R, A Al B
A1 V2 U1 >
14
6 !
> R
N1 Vl 1
diagram commutes and the conditions are satisfied:
forall ¢, €Ly, § € M;,¢; EN;andr; € R ¢ vl » D
a(ry - &) = 8(ry) - aley),
B(ry- &) =68(m) P&, A, X, i, v and h under the restriction maps is a
y(r - 61) = 8(ry) - v(sy) crossed square, then <A is called a sub-crossed square
“(hl( &, C1)) =h, (,3( 51),y(g1)), of L. This situation is denoted by A < L through the

paper.
Remark 2.1.3 Due to the commutativity of the dia-
gram and the preservation of the actions, (a, ), (a,y),
(B,6), (y,6) and (a, §) are crossed module homomor-

Subcossed squares naturally serve as subobjects in the
category of crossed squares and crossed square homo-

phisms. For more information on crossed module ho- morphisms.
momorphisms, refer to [23].
3. Results
The following example demonstrates that crossed
modules of algebras can be considered as an extension 3.1. Ideal of crossed squares of algebras
of the concept of an ideal. In this subsection, the definition and a theorem related

to the ideal of crossed squares of commutative alge-
Example 2.1.4 LetRbeaK — algebra and I and ] be bras are presented_

ideals of R. Define y, v, ::INJ —Tand 1:INnjJ] — ]
as inclision maps. For all i €] and j €], define
hIx]—In], h(i,j) =ij.Then (R, I, J, In])

179
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Definition 3.1.1 Given a crossed square

L oM
L= A J u
N > R
v
of a commutative algebras and let
E A
E= A JH
J > K
v

be a sub-crossed square of L. If forallr € R, p € E,
0€l,0€]

i) K be aideal of R,

if) Ifforallr €R, p€EE, o€, 0€]
r-p€E
r-p€l
r-og€j
Andforalld €K, e€L, §EM, ¢EN
d-¢€E
d- £€l
d-¢ce]j
Andforall £ €M, j €],
h(¢,)) € E

V) Andforalli € I,¢ €N,

h(i,¢) € E

Then € is called an crossed square ideal of £ or simply
ideal. This situation is denoted by £ 2 £ throughout
the paper.

iii)

iv)

Theorem 3.1.2 Let

h

Il

=
v X

=

be a crossed square and

180

E

v

v

J

an ideal of L. Then

a)
b)

<)
d)

e)

Proof:

a)

b)

d)

(E,LA) 2 (L,M, Q)
(E,J,A) 2 (L,N, 1)
(LK,p) 2 (M,R, 1)
(J,K,v) 2 (N,R,v)
(E,K,ud) 2 (L,R, ud).

Since £ < L, (E, I, 1) is a crossed module
and E<L,I<Mso (E,LA) <(L,M,A).
Forallp€eE,pel,e€L, £ € M:

(i) Se=n@ o€l

(i) $-p=ul)-p€E

(i) o-e=p(0) €€k

Thus, (E,I1,4) 2 (L, M, 1).

Since € < L, (E,J,A") is a crossed module
andE <L,] <N,so(EJ,A)<(LN,A1).
Forallp e E,c €J,e €L, ¢EN:

O co=v()-0€]

i) ¢-p=v()-p€eE

(iii) o-e=v(o)-€c€E

Thus, (E,J,A") 2 (L,N, 1").

Since € < L, (I, K, p) is a crossed module
and I<M , K<R, so (ILK,u <
(M,R,u).Forallpel, keK,§eM, re
R.

(i.) rk € K
(ii)) r-pe€el
(iii) k-¢€el

Thus, (I,K,u) 2 (M, R, u).

Since £ < £, (J,K,v) is a crossed module
and] < N,K<R,so(J,K,v) < (N,R,v).
Forallo €], k€ K,¢ € N,r ER:

i) rkek
(i) r-o€j
(i) k-ceJ

Thus (J,K,v) 2 (N,R,v).

Since € < L, (E, K, ul) is a crossed mod-
ule and E<L, K<R, so (E,K,ul) <
(L,R,ur).Forallpe E,keEK, ceL, re
R.

(i). rk € K
(i) r-p€eE
(iii)) k-c€E

Thus (E,K,ud) 2 (L,R,ul). m
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3.2. Kernel and image of morphisms of
crossed squares of algebras

In this subsection information about the kernel of im-
age of morphisms of crossed squares of commutative
algebras is provided.

Theorem 3.2.1 Let be the following two crossed
squares of commutative algebras.

A

L > M
L= A J#
N » R
A\
L* A* > M*
L= A uw
N* » R*
v*

If¢p =(a,pB,v,8): L — L"is a crossed square homo-
morphism between these squares, then

kera » kerp

kerg :=

kery kerd

v

ker¢ =2 L.

Proof: First, let's Show that ker¢ is a sub-crossed
square of L. By Proposition 3.4.27 in [23], we get
(kera, kerf, 1) < (L, M, 1)
(kera, kery,A") < (L,M, ")
(kerf, kerd, u) < (M,R, 1)
(kery, kerd,v) < (N,R,v)
(kera, kerd, ud) < (L, R, ul).
Additionally, if o € ker 8, o € kery, then a(h(g, O’)) =
h*(B(e),v(a)) = h*(0,0)
and
h*(0,0) = h*(0 + 0,0) = 2h*(0,0).
Therefore, h*(0,0) =0, so h(p,o) € kera .
ker¢p < L.
Now, let’s show that ker¢ is an ideal.
i) By Proposition 2.19 (i) in [23], kerd = R.
ii) For all r€R,p €kera, o€ kerf, g€
kery:

Thus,

a(r-p)=6(@r)-alp) =6(r)-0=0,
so r - p € Kkera.
B(r-e)=6(@r) -ple) =6()-0=0,
so r-p € kerfs.
y(r-o0)=46@)-y(0) =6()-0=0,
so r - g € Kery.
iii) Foralld e kerd, e € L, € Mve¢ € N:
a(d-g)=6(d)-a(s)=0-a(e) =0,
Bld-§)=6(d)-pE)=0-p(¢)=0
and
yd-¢)=6@d)-y()=0-y() =0
Therefore, d - p € kera, d - o € kerf and
d - o € Kery.
iv)  Forall¢ € M, o € kery:
a(h(€,0)) = h*(B(),¥(0))
=h"(B($),0)
and

h*(B($),0) = h*(B(§),0+ 0)
=h"(B(£),0) + h*(B(£),0),
then h*(B8(£),0) = 0,+.So h(&, o) € kera.

v)  For all g €kerf, ¢e N : a(h(o,)) =

h(B(@),7(s)) = h(0,¥(c)) =0
Thus h(g,¢) € kera. m

Theorem 3.2.2 Let

L » M
L= A JM
N » R
\"2
I A . M
L= A w
N* » R*
v*

be two crossed squares and ¢ = (a,B,y,8): L — L*
be a crossed square homomorphism. Then,

ima p imf

imy » imd

imp < L7,
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Proof: By Proposition 3.4.28 in [23], we have:
(ima,imB,A") < (L', M*, %)

(ima, imy, ™) < (L*, M*, 2")

(imp,imé, u*) < (M*,R*, u")

(imy,imé,v*) < (N*,R*,v")

(ima,imd, p*A*) < (L, R, u*A").

Additionally, if o* € imB and ¢* € imy, there exist o €
M and o € N such that ¢* = B(¢) and ¢* = y (o).
h*(e*,0%) = h*(B(0),¥(0)) = a(h(e, 0)).

Thus h*(¢*,¢*) € ima.

As a consequence, im ¢ is shown to be a subcrossed
square of L*. m

As a direct result of this theorem and the previous the-
orem, the exact sequence of crossed squares can be
obtained.

kera > L ima

Theorem 3.2.3 Let

~

v

v

be a crossed square.

i) Given a family of sub-crossed squares
4; » Bi
‘Hi = J
Ci > Di

of £, in this situation, then

182

v

N
Mo

»
»

Ne o

N A; is a sub-crossed square of L.

if) Given a family of crossed squares ideals
E; > I
Ei =
Ji > K
of L, then,
ﬂ Ei > ﬂ Ii
ﬂ El- =
ﬂ ]i » ﬂ Ki

N &; is an ideal of L.

Proof: As a result of Proposition 3.4.24 in [23] given
for crossed modules, it is seen that each edge of the
structures N A; and N &; are crossed modules. There-
fore, it is sufficient to check the following for the proof
of this result.

i) For all peNB; and o € NC; since
h(o,0) € A; for each i, it follows that
h(o,0) € N A4;.

if) For all§ € M and o € N J; since h(§,0) €
E; for each i, it follows that h(§,0) € N E;

iii)  Forall o € NI;, ¢ € N since h(p,¢) € E;

for each i, then h(p,¢) E NE; .m

Theorem 3.2.4 Let
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’ >» M ZEi
L= A J'u Z&'::
R

! . >

be a crossed square of commutative algebras.

o~

v
g
ol

v

>

i) Given a sub-crossed square A < L and defined as their sum is also an ideal of L.
anideal € 2 £, respectively.
4 B Proof: From Theorem 3.4.26 in [23], it is seen that

each edge of A + £ is a sub-crossed module of the
corresponding edge of £, and each edge of Y &; is a
crossed ideal of L. Therefore, it is sufficient to show
A= the following.
i) Forallp e Bo'€l,c € C,0' €]:
h(e +¢',0+ ") = h(g,0) + h(e,0")
+h(o’,0) + h(o' + ")

C » D and since h(o,0) € 4, h(p,0"), h(o’,0),
h(o',6')EA+E, thus h(o+o',0+
E > I o) € A+E.

if) Forallé e Mand Y g; € }.J;: h(&, Y 0;) =
Y. h(¢, 0;) € Y E;. Similarly, for all ¢ € N
€= and Y o; € Y I;:
h(Xoi,¢) =X h(e;,¢) EXE; m

Theorem 3.2.5 Let

J > K
L A y M
The crossed square A + £ ”
A+E » B+1I
r= A u
A+ E =
N » R
\%
C+J] » D+K be a crossed square of commutative algebras and
defined as their sum is a sub-crossed E _
square of L. »
i) If the crossed squares for each i,
Ei » Ii E =
Si =
J > K
an ideal of £;
J; > K, For£+EEL/E,VE+IEM/Ivch+]EN/]:

Iljfp M/, A+ E) =) +1
Vilfp =N/, X+ B)=2()+]
M/ =R, g+ D = u@ +K
N/ >Rl w(e+ D =v(o) +K

are ideal of £, then the crossed square

<R

183
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M/ N — LY hE + L6 +)) = hE ) +E
With these functions,

1
M
L/ £ > / i
13/(g = A I
N R
/] - > /k
v
the structure is a crossed square.
Proof:
i) From Proposition 3.5.1 in [23], it is seen

that each edge of L/g isa crossed module.

It is sufficient to show that h is well-de-
fined and satisfies the conditions related
to crossed squares.

For all £, €M and ¢,¢" EN, let &+

I=&+1and ¢+J=¢"+]. Thus & —

&' €l, ¢—¢' €]. Therefore, since & —

&el, h(—-¢&,¢)€E. Similarly, ¢ —

¢'" €], h(¢',¢ —¢') € E. Thus,

h(§—$",¢)+h(' ¢—¢)

=h(§,¢) —h(',¢) + h(§',¢) —h(¢', )

=h(,¢)—h(E' ¢)EE

Therefore, h(&¢,¢) + E = h(§',¢') + E,

or equivalently

h@G+1Lc+])=hE +1,¢"+]).

Hence, h is well-defined.

i) Forallr+KeR/, e+E el/p:

T +K)-(e+E)=Ar-e+E)
=Ar-e)+l=r-A(e)+1
=r+K)-(Ae)+D
= (r+K) -A(s +E).

Similarly,

V(@ +K) - (e+E)=X(@ e+E)
=Ar-&)+]=r-A()+]
=@+ K- Q@ +))
= (r+K) -A(e+E).

iii) Forallé+1eM/ ¢c+] € N/],k € K;

kh(m +1,¢+]) = k(h(§,¢) + E)
=kh(é,¢) + E = h(ké,¢)+E
=h(&,k¢) + E
=h(ké+1,¢+))
=h(+1Lk¢+]))
=hk@+D,c+])
=h(E+1Lk(s+))).

iv)  For all§+1,§’+IEM/Iand ¢+J €

N/ .

]l

h(E+I1+& +1,¢+]))

=hE+¢' +1L,¢+]))
=hE+$,0+E
=h(& ) +h(E O+E

=h(§O+E+h(E ) +E
=h@+Lc+D+h(E +1c+)).
Forallf+I€M/I, g+]andg’+]€N/];

hE+Ls+]+¢ +])
=h(E+Lc+¢" +]))
=h(,¢+¢)+E
=h(, ) +h(E ) +E
_ =h@GO+E+hE¢)+E
=h(E+L¢c+])+h(E+1,¢+)).
v) Forallr+KER/K,€+IEM/Iandc+
]EN/]; B
(r+K)-h(+1L¢c+]))
=T +K) (h(,6)+E)
=r-h(,¢)+E
=h(r-é¢)+E
=7L(r-f+1,g‘+])
=h(r+K)-E+D,c+]).
Similarly,
For allr+KeR/, vi+1eM/ and
C+]EN/];
r+K)-h(E+1Lc+]))
= +K) - () + E)
=Th(f,§)+E
=h(Er-¢)+E
=h(E+1Lr-¢+]))
=h(E+L(r+K) (c+)).

vi) ForallE+IEM/I,(;+]EN/];

ARG +1L,¢+]) = A(h(,6) + E)
=/1(h(f,c)) +1
=¢-&+1
=@G+D-E+D.

Similarly,
f+IeM/1,g+]eN/];
A'(hE +1,6+])=2A(h(,¢) +E)
=2(h(,¢)+]
=&-¢c+J=¢+D-G+D.

vii) Foralls+EEL/Eand§+]€N/];

h(A(e + E),n+]) = h(A(e) + 1,6 +))
=h(A(e), ) + E
=¢-e+E

=@+ (e+E).

Similarly, forall £ + I € M/Iand e+EE€ L/E;
h(f+1,,?(e+5))

= hE+LAV(E)+))
=h(&A () +E
=& e+E=CE+D) - (¢+E).m

3.3. Quotient crossed squares of algebras

In this subsection, the definition of quotient crossed
squares of commutative algebras is provided.
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Definition 3.3.1 Let £ 2 L. The crossed square L/g

given in the theorem above is called the quotient of £
by €.

Corollary 3.3.2 For a crossed square £, a necessary
and sufficient condition for € to be an ideal of £ is that
€ is equal to the kernel of a crossed square homomor-
phism ¢p: L — L.

3.4. Isomorphism theorems for crossed

squares of algebras

In this subsection, the first, second, and third isomor-
phism theorems for crossed squares of unitary com-
mutative algebras are stated and proven.

Theorem 3.4.1 First Isomorphism Theorem for
Crossed Squares) Let

L A > M
L= A JH

N » R

\2
and,
L* A,* # M*
L= |- w
N* » R’
v*

are two crossed squares of commutative algebras and
¢ =(a,B,v7,8): L — L be a crossed square homo-
morphism. Then L/kerq) = img.

Proof: From Theorem 3.6.1 in [23] for all | + kera €

L/kera ,E+kerp € M/kerﬁ ,¢+kery € N/kery and
R .

rtker§ €8/ st

I

: L/kera — ima, a(e + kera) = a(e)

M/ verg — imB B +kerf) = B(&)

N kery = iy, 7(s + kery) = ()

: R/ker(S — imé, 8§(r + kers) = 6(r)

Since the pair (@, ), (&,7), (8,5), (¥,8) and (@, §) are
isomorphism of crossed modules, it is sufficient to ex-
amine the condition for the functions h: M/kerﬁ X

S R

N/kery - L/kera and h*: imB X imy — ima.
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@ (E(g‘ + kerp, ¢ + kery)) = a(h(é,¢) + kera)
= a(h(§ ) = K (BE,¥()
=h* (E(f + kerfB),v(¢ + ker]/)). n

M
JM
R

be a crossed square of algebras. In this situation, if

E I
K

Proposition 3.4.2 Let

»
»

N
»

\2

»
»

v

»
»

D

c
A<ESLandASLthenASEandé/ ga4/

Proof: Since A < &, it is sufficient to show that A 2
E.

If D<K<Rand D 2R, then D 2 K, by
Proposition 2.21 in [23].

For all keK,p€A, 0€B and d €C
since k € R:

k-peAk-po€eB, k-ogeC(.

Foralld e D,p € E,p€l,0 €]sincep €
L,oeEM,o€eNand A 2 L:
d-peAd-peB,d-oc€eC.

For all i€l and 0 €C since ieM
h(i,0) € A.

For all p€B and j€] since jEN

h(p,j) € A.
Thus A Q H.

Now, let’s show that g/ﬂ = L/c/l']

Since £/, L/, 1/gcM/p, /). N/,
K/D c R/D and g/cfl is a crossed square, and since the
boundary homomorphism of S/c/l are restrictions of

the boundary homomorphisms ofL/Uq, S/ﬂ < L/c/l'
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By Proposition 2.21 in [23], K/D SR/D.
For allr+DER/D,p+AEE/A , 0+
(r+D)-(p+A)=r-p+AEE/A,
(r+D)-(Q+B)=r-Q+BEI/B,
(r+D)-(0+C)=r~0+CE]/C.

For allk+DEK/D,£+AEL/A,§+
(k+D)-(e+A)=k-e+Ack/,,
(k+D)-(§+B)=k-é+Bel/p,
(k+D)-(c+C)=k-c+Cel/.
Forallé +BeM/p,j+cel/,:
hE+B,j+C)=hEN+Ack/,.
I:‘oralli+B€I/B,q+CEN/C:
h(i+B,c+C)=h(i,g)+A€E/A.l

ii)

iii)

Theorem 3.4.3 (Second Isomorphism Theorem for

Crossed Squares) Let
M
J u
R

be a crossed square of commutative algebras and

»
»

»
»

\%

E » I

£ =
] » K
A » B

A =
C » D

L/c/l ~L

g/ = /g.
A

Proof: From Theorem 3.6.2 in [23], for all e + A +

L My
E/AeN A/E/A' E+B+1/p€ RB/I/B‘ ¢+C+
I/CE /C/]/Candr+D+K/De /D/K/D:

L
a: /A/E/A_>L/E,a(s+A+E/A)=e+E
M
B: /B/I/B—>M/1;ﬁ(f+3+l/3)=f+l
N
y: /C/]/ —>N/],y(§+C+I/C)=§+]
c

5 R/D/K/D_’ R/K' 6(T+D+K/D)=r+K

since the pair (a, f), (a,y), (8,6), (v,6) and («, §) are
isomorphisms of crossed modules, it is sufficient to ex-

M
amine the condition for the functions h: /B/I/ X
B

N/ Ly -

¢ — /4 and h: M/ x N/ — L/

i /E/A /1xNp = g

a(fz(§+B+1/B,g+C+]/C))
=a(h(€+B,c+0)+E/,)
=a(h(f,c)+A+E/A)
=h(E ) +E

(&é+1L,¢+B)

(ﬁ(f +B+1/g)y(c+cC +]/C)). .

h
h

Theorem 3.4.4 (Third Isomorphism Theorem for

Crossed Squares) Let
M
J u
R

be a crossed square of commutative algebras. And,

L >

N >
\%
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E » I
£ =

] » K

A » B
A =

C » D

if A<Land€2 Lthen#/ ;= ATE/

Proof: By Theorem 3.6.3 in [23],

a: A/AnE_’A+E/E' a(p+ANE)=p+E

B: B/Bnl_) B+I/I,B(Q+Bnl)=g+1

y: C/Cn]_> C+]/],y(a+Cn])=0+]
8:P/yax =LK/ s@d+DnK)=7r+K

for all p+ANE€A/, (g, e+BnIeB/y
o+CnjeC/c andd+Dnkel/y

Since the pair (a,8), (a,y), (8,6), (v,6) and (a,d)
are isomorphisms of crossed modules, it is sufficient

to show the condition for the functions A, : B/B n1x
T C+
C/Cﬂ]HA/AﬂE and hZ:B+[/I>< ]/]—)
A+E/
E.

(X(El(Q+BﬂI,G+Cﬂ])) =a(h(o,0) + ANE)
=h(g,0) +E=hy(e+ 10 +))
=h(Ble+BND,y(@+Cn))).

|

4. Discussion and Conclusion

In this study, the isomorphism theorems, which hold
significant importance in the theory of crossed mod-
ules of algebras in algebra theory, are explicitly proven
since they have only been stated in the literature. Sub-
sequently, by using the isomorphism theorems of
crossed modules of algebras, the isomorphism theo-
rems in the crossed squares of commutative algebras
are stated and proven. Furthermore, to achieve this,
several auxiliary concepts, such as the quotient
crossed square, which had not been previously de-
fined in these structures, are introduced, and their fun-
damental properties are examined.

This study can be adapted or generalized to various
other structures in numerous ways. For instance, one
could investigate whether the isomorphism theorems
apply to structures similar to crossed squares, such as
crossed cubes and crossed n-cubes, or examine certain
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algebraic results, whether found in this thesis or not,
within the category of crossed squares.

It is believed that this work will serve as a fundamen-
tal resource in mathematics and engineering, espe-
cially in the fields of algebra and algebraic topology,
and will provide a valuable contribution to advanced
studies on commutative algebras. Additionally, it will
shed significant light on the discovery of numerous
new topics and guide contemporary structures.

Declaration of Ethical Code

In this study, we undertake that all the rules required to
be followed within the scope of the "Higher Education
Institutions Scientific Research and Publication Ethics
Directive” are complied with, and that none of the ac-
tions stated under the heading "Actions Against Scien-
tific Research and Publication Ethics" are not carried
out.
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Anahtar Kelimeler Ozet: Bu calismada Arbiiskiiller Mikorizal Fungus (AMF) spor asilamasi ve
Cladophora sp, Cladophora sp. ekstraktinin birlikte uygulamalarinin misir bitkilerinin temel bitki
ﬁMstporaylamasL bluytme ozellikleri, rizosferdeki alkalin fosfataz, dehidrogenaz, iireaz ve -
izosfer,

glukosidaz enzim aktiviteleri iizerine etkileri degerlendirilmistir. Calisma serada
tesadiif parselleri faktoriyel deneme desenine gore 3 tekrarh olarak kurulmustur.
Mikoriza (asisiz, 5 g/kg, 10 g/kg,15 g/kg ile asili) ve Cladophora sp. (%0, 0.5, 1,
1.5) farkli dozlarda topraklara uygulanmistir. Uygulamalarin etkileri temel bitki
biliytime 6zellikleri tizerinde farkli olmustur Cladophora sp' nin %1.5'luk ekstrakti
ve 15 g/kg AMF spor asilamasinin mikoriza asilamasinin birlikte uygulanmasi ile
alkalin fosfataz, ilireaz, dehidrogenaz enzim aktivitelerinde en yiliksek degerler
deger elde edilmistir. Cladophora sp.'nin %1'lik ekstrat1 ve 10 g/kg AMF spor
asilamasinin mikoriza asilamasinin birlikte uygulanmasi ile en yiiksek (-
glukosidaz aktivitesi aktivite elde edilmistir. AMF spor asilamasi ve Cladophora
sp.'nin birlikte uygulanmasi rizosferdeki bazi enzimleri aktive ederek daha saglikli
bir rizosfer ile bitki kalitesini artirmak i¢in ¢evre dostu bir strateji olarak sunabilir.

Toprak enzimi

Cladophora sp. and Arbuscular Mycorrhizal Fungus (AMF) Spore Inoculation on Maize
(Zea mays L.) Developmental Parameters and Some Rhizosphere Soil Enzymes

Keywords Abstract: In this study, the effects of mycorrhizal fungus spore inoculation and
Cladophora sp., Cladophora sp. extract, in combination, on the basic plant growth characteristics of
AMF spore inoculated, maize plants, alkaline phosphatase, dehydrogenase, urease and B-glucosidase
Rhizosphere,

enzyme activities in the rhizosphere were evaluated. The study was established in
the greenhouse according to randomized plots factorial experimental design with
3 replications. AMF spore (uninoculated, inoculated with 5 g/kg, 10 g/kg, 15 g/kg)
and Cladophora sp. (0, 0.5, 1, 1.5%) were applied to the soil at different doses. The
effects of the applications were different on basic plant growth characteristics. The
highest values of alkaline phosphatase, urease, dehydrogenase enzyme activities
were obtained with 1.5% extract of Cladophora sp. and 15 g/kg AMF spore
inoculation. The highest B-glucosidase activity was obtained with 1% extract of
Cladophora sp. and 10 g/kg AMF spore inoculation. Co-application of AMF spore
inoculation and Cladophora sp. may present as an environmentally friendly
strategy to improve plant quality with a healthier rhizosphere by activating some
enzymes in the rhizosphere.

Soil enzyme

1. Giris o6lciide artacag: diisiiniilmektedir [1]. Buna ek olarak

kiiresel degisikligi, biyotik ve abiyotik faktorleri
Temiz gida kaynaklarina saglikli bir sekilde ulagsmak degistirmekte [1] tiriin gelisimi ve verimini olumsuz
glin gectikce zorlagmaktadir. Oysa ki, 6nlimiizdeki etkilemektedir [2]. Niifusun hizla artmasi nedeniyle,
yillarda tarim sektoriiniin, kiiresel gida giivenirligini tarimsal iiretim talebi artacagindan, mevcut tarimsal
saglamada cesitli tehditlerle karsi karsiya kalacag ve uygulamalarin degisecegi de rapor edilmistir [3].
diinya niifusunun 2050 yilina kadar 9,7 milyara Ekolojik farkindalik ivme kazanirken, dayanikh ve
ulasacagl tahmin edildiginden insan tiiketimi ve giivenli tarimsal uygulamalarin da modern tarimin
hayvancilik igin bitkisel iiretim ihtiyacinin 6nemli o6nde gelen onceliklerinden oldugu belirtilmistir [3].

* fIgili yazar: ckucuk@harran.edu.tr
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Son yillarda diinya genelinde yapilan yogun tarim, bir
zamanlar verimli olan ekilebilir topraklar1 hem besin
maddelerini hem de fiziksel yapisini fakirlestirmistir
[4,5]. Artan tarimsal faaliyetler nedeniyle c¢evre
kirliliginin artmas1 tarim topraklarinda da sorun
olmaya baslamis ve pargalanamayan sentetik girdiler
cevrede  birikmeye baslamistir. Bu yiizden
otrofikasyon, su Kkirliligi ve toprak kirliligine neden
olmaktadir. Bu kimyasallarin toksik etkilerinin insan,
hayvan ve bitkiler iizerinde =zararlhh etkilerde
bulundugu agiklanmistir [6]. Bu nedenle, iirtinlerde
sentetik girdileri azaltmaya ¢alismak, verimli ve dogal
alternatif uygulamalar1 bulmak i¢in arastirmalar hiz
kazanmistir. Biyostimiilantlar bu noktada dikkat
cekmektedir [6]. Topragin kimyasal ve biyolojik
ozelliklerini  diizenleyen, topragin verimliligini
artiran, bitki biiyimesini tesvik eden
mikroorganizmalar1 igeren biyostimilantlarin veya
biyogiibrelerin kimyasal giibrelere alternatif olarak
son yillarda kullanimlarnt yayginlasmistir [7].
Biyostimiilantlar, cevre dostu uygulamalar
oldugundan asir1 ve bilingsiz kullanilan kimyasal
giibrelerin kullanimini azaltmistir [6].

Biyostimiilantlarin en iyi temsilcilerinden olan
mikorizal ortak yasamin bitkiler {lizerinde olumlu
etkiler yaptig1 cesitli ¢alismalarda tespit edilmistir
[8,9]. Mikoriza uygulamalarinin ¢ilek verimini ve
meyve kalitesini artirdig1 [10], tarla kosullarinda ise
sogan gelisimi ve verimini mikoriza uygulanmayan
parsellere gore onemli o6l¢iide arttirdii yapilan
calismada belirlenmistir [11]. Bitkilerin biiyiime ve
gelisimini  iyilestirmek icin kullanilan ¢esitli
yontemler arasinda Onem kazanan
biyostimiilantlardan makro alglerin ¢ok c¢esitli
sekonder metabolitler iiretebildigi, aktif bilesik ve
minér  besin  maddelerince  zengin  oldugu
aciklanmistir [12]. Makro alglerin ve bunlarin
ozutlerinin tarimsal uygulamalar icin gelecekte
onemli potansiyele sahip oldugu cesitli calismalarda
rapor edilmistir [12,13]. Algler strdiiriilebilir ve
organik bitkisel iiretimde bitki biiylimesini tesvik
eden uyaricilar olarak kullanilabilmektedir [13].
Alglerin biyogilibre olarak kullanilmas: ile tohum
¢imlenmesini tesvik ettigi, bitki saghgim ve
biiytimesini yani koék ve siirgiin uzunlugunu artirma
gibi bircok faydasinin oldugu bildirilmistir [14].
Ayrica makroalglerden elde edilen ekstraktlarin,
topraklara ve bitkiye uygulanmasi ile bitkilerin su ve
besin maddelerini daha iyi absorbe ettikleri, boylece
bitkilerin kuraklik ve tuza karsi direnglerinin arttigi

belirlenmistir. Ayrica yararl toprak
mikroorganizmalarinin gelisimlerinin tesvik edildigi,
bitkilerin = abiyotik  stres  toleransina  karsi

direngliliklerinin arttig1 ve bu sayede zararllara ve
hastalik etmenlerine karsi savunmalarinin da arttig
aciklanmistir [15]. Hem denizde hem de tath sularda
bulunan yesil makroalg Cladophora sp.; kozmetik ve
gida endistrilerinde, tip ve farmakolojide, cevre
kirliliginin  biyoindikatéri olarak ve tarimda
kullanilmaktadir [16,17]. Diinyada bugdaydan sonra
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en fazla iretilen tahil olan misirin Giretimi tilkemizde
de hizla artmistir [18]. Calismada hem Sanlurfa’da
yaygin tarimi yapildigindan [18] hem de AMF sporlari
ile afinitesinin ytliksek olmasindan dolay1 misir bitkisi
secilmistir. Calismamizda mikrobiyal organizma olan
AMF ile makroalglerden Cladophora sp.’nin farkl
dozlarda ayr1 ayr1 ve birlikte misirin temel bitki
gelisme parametreleri ile rizosferdeki enzim
aktivitelerinden [B-glukosidaz, dehidrogenaz, alkalin
fosfataz ve lireaz enzim aktivitelerine etkilerinin
belirlenmesi amag¢lanmistir.

2. Materyal ve Metot

Calismamizda kullanilan misir ¢esidi Pioner 20105
(P-2105) ticari olarak satin alinmistir. Makroalg
Cladophora sp. ise Harran Universitesi Biyoloji
Bolimii Hidrobiyoloji A.B.D.‘dan temin edilmistir.
Kurutulmus, 6giitillmis Cladophora sp.’in 250 g’1 2500
ml distile suda iyice karistirilarak belirtilen dozlarda
kullanilmistir. Mikorizal sporu; Mikostar firmasindan
ticari olarak saglanmistir; triin icerisinde Glomus
mosseae, G.intraradices, G.clarum, G.monosporus, G.
deserticola, G. brasilianum, G. aggregatum, Gigaspora
margarita, G.etunicatum, G.fasciculatum
bulunmaktadir. Kullanilan ticari iiriin igerisinde spor
sayist 1x10°> propagiil/50 g’dir. Denemede kampts
alaninda daha o6nce herhangi bir ekim yapilmamis
yerden 0-30 cm derinlikten alinan toprak
kullanilmistir. Denemede kullanilan topragin pH'1 7.7;
organik madde (%) 1.35; kire¢ (%) 2.47; EC
(mmhos/cm) 2,60; N ise % 0.11 olup, killi biinyeye
sahiptir. Kullanilan toprak; hafif alkalin, az kirecli ve
organik madde icgerigi diisiikttir.

2.1. Denemenin kurulumu

Denemede kullanilan topraklar 2 mm‘lik elekten
gecirilmis, toprak kaynakli mikroorganizmalarin
elimine edilmesi icin 121°C’de 1 atm basingta 3
ardisik giin otoklavlanmistir. Otoklavlama sonrasi
topraklar 3 kg‘lik (18.5 x 19 cm) plastik saksilara
doldurulmustur. Mikoriza uygulamasi 4 farkli dozda
(0, 5 (100000 adet/50g), 10 (20000 adet/50g), 15
g/kg (30000adet/50 g)) tohumla birlikte tohum
yatagina uygulanmistir. Cladosporium sp. ise bitkiler
¢imlendikten 15 giin sonra farkli konsantrasyonlarda
(% 0, %0.5, %1 ve %1.5) ayr1 ayr su ile karistirilarak
100 ml topraga uygulanmistir. Her bir saksiya 5 misir
tohumu ekilmis, ¢imlenme sonrasi 2 misir bitkisi
seyreltilmistir. Cladophora sp. uygulamasi bitkilerin
¢imlenmesinden 15 giin sonra baslamis ve 15 giin ara
ile hasat sonuna kadar 4 kez uygulanmistir.
Cladophora sp. uygulanmayan kontrol saksilarina su
eklenmistir. Bitkiler her hafta bir kez topragin tarla
kapasitesine gore bitkilerin su ihtiyaci belirlenerek
saf su ile sulanmistir, ekimden 60 giin sonra hasat
edilmistir. Deneme her bir uygulama grubu i¢in 3
paralelli olarak, dogal 151k alan serada yiirttilmiistir.
Deneme, tesadiif parselleri faktoriyel deneme
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desenine gore 3 tekrarli olarak 48 saksi ile

kurulmustur.
2.2. Temel bitki 6zelliklerinin belirlenmesi

Hasat sonunda her bir uygulamaya ait bitki boylari,
kék uzunluklari, yesil aksam ve kok agirliklarn
belirlenmistir [19]. Hasat sirasinda her bir
uygulamadan alinan taze yaprak érneklerinde klorofil
tayini Arnon [20]’e gore yapilmistir.

2.3.Kok boélgesinin baz1 mikrobiyolojik 6zellikleri

Hasat sirasinda koklere yapisan topraklar her bir
uygulamadan sonra dikkatlice alinmis, kilitli steril
posetlere konularak analizler yapilincaya kadar -
20°C’de saklanmistir.

2.3.1. Alkalin fosfataz enzim aktivitesi

Uygulamalarin kék bolgesinden alinan toprak
ornekleri ilizerine sirasiyla toliien, MUB (pH 11)
tamponu eklenmis, 37°C'de 1 saat inkiibe edilmistir.
Inkiibasyon sonunda orneklerin her birine 0.5 M
CaClz ve 0.5 M NaOH eklenmis ve 10000 x g'de 5
dakika santrifiijlenmistir. Elde edilen siipernatant,
410 nm’de spektrofotometrede 6l¢iilmustiir [21].

2.3.2. B- glukosidaz enzim aktivitesi

Her uygulamanin kok bolgesinden alinan toprak
orneklerine ayri ayri toluen, MUB tamponu (pH 6),
PNG sollisyonu eklenip, 5 dakika karistirilmis, 37
°C'de 1 saat inkiibe edilmistir. Stire sonunda, icerige
0.5 M CaClz ve 0.1 M THAM tamponu (pH 12) eklenip,
calkalanmistir. Daha sonra 10000 rpm 10 dakika
santrifiijlenen icerigin supernatanti
spektrofotometrede 410 nm dalga boyunda
okunmustur [21].

2.3.3. Ureaz enzim aktivitesi

Her bir uygulamaya ait rizosfer toprak orneklerine
ayri ayr1 toluen ve %10'luk iire ¢ozeltisi eklenerek 15
dakika beklenmistir. Siire sonunda Orneklere sitrat
tamponu eklenmistir. 37°C’de 3 saat inkiibasyona
birakilmistir. Siire sonunda 6rnekler, whatman filtre
kagidindan (No: 42) stziilmistiir. Filtratlara sodyum
fenolat ve sodyum hipoklorit eklenmis, oda
sicakliginda 20 dakika beklenmis sonra olusan mavi
renk 630 nm dalga boyunda spektrofotometrede
Olcililmiistiir [21].

2.3.4. Dehidrogenaz enzim aktivitesi

Uygulamalarin her birine ait toprak 6rneklerine ayri
ayri %3’lik 2,3,5 trifeniltetrazoliumklorid
eklenmistir. 24  saat 25°C’de inkiibasyona
birakilmigtir. Siire sonunda her bir érnege metanol
eklenmistir. Icerik Whatman filtre kagidindan

stizlilmiistiir. Filtratlar spektrofotometrede 485 nm
dalga boyunda okunmustur [21].

2.4. istatistik analiz

Deneyler sonucunda elde edilen veriler, JMP istatistik
programinda varyans analizine tabii tutulmus,
uygulamalar arasindaki farkliliklar ise LSD ¢oklu
karsilastirma testi ile degerlendirilmistir.

3. Bulgular

Cladophora sp. ve mikorizanin birlikte ve ayr1 ayri
uygulamalarinin misir bitki boyu Uzerinde etkili
oldugu saptanmistir (Tablo 1). Cladophora sp.’nin
uygulanan farkli dozlarimin misir bitki boyu
iizerindeki etkileri farklilik gostermekle birlikte, en
yiksek bitki boyu Cladophora sp.’nin %0.5’lik
dozunda ve 5 g/kg mikorizal spor ile % 1.5'luk
Cladophora sp.min birlikte uygulanmasi ile elde
edilmistir. Farkli dozlardaki Cladophora sp. 'nin kok
uzunluguna etkisi farkli bulunmustur (Tablo 1).
Uygulamalarin kék uzunluguna etkisine bakildiginda
ise; 15 g/kg mikorizal spor ve %1 Cladophora sp.’nin
birlikte uygulanmas: ile en yiiksek kék uzunlugu
saptanmis ve kontrole goére kok uzunlugu %66
oraninda artis gostermistir.

Tablo 1. Uygulamalarin bitki temel 6zelliklerine etkileri

Temel | doph
bitki
szellikl | ©7a sp- AMF spor uygulamasi (g/kg)
X (%)
erl
Bitki 0 5 10 15
boyu 0 401* 53.6d 51.4e 49.2f
(cm) 0.5 57ab | 45.5g | 50.2ef | 55.2cd
1 50ef | 55.4bc | 43.7h | 46.3g
1.5 56bc 584a | 459g | 49.4f
Kok 0 16j 36.1c | 33.8d | 40.2b
uzunlu 0.5 36¢C 35cd 30e 36¢
gu 1 27e 23g 41b 47.2a
(mm) 1.5 33.3d 31le 17h1 18.7h
Yesil 0 0.40k | 0.74f 1.01c | 0.74f
aksam 0.5 0.74f 0.71g 1.05b 0.74f
kuru 1 0491 | 0.64h | 096d | 0.331
ag.(g/b 1.5 0.41k | 0.41k 1.11a | 0.93e
itki)
Kok 0 0.24k | 0.32jh | 0.28jk | 1.06g
kuru 0.5 0.461 0.64h 1.31f 1.37e
ag.(g/b 1 1.35ef | 1.87c | 2.15a 1.5d
itki) 1.5 1.35ef | 1.94b 2.16a | 1.35ef
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*Farkli harf ile gosterilen ortalamalar arasinda istatistiki
olarak dnemli fark vardir (p <0.05).

En yiiksek yesil aksam kuru agirhigi %1.5 Cladophora
sp. ve 10 g/kg mikorizal uygulamasinda
belirlenmistir (Tablo 1). Kontrole goére artis %61.6
olarak tespit edilmistir.

Mikorizal spor uygulamalarinda da artan dozlar kok
kuru agirhigim artirmistir. Uygulamalarin misir kok
kuru agirhigi tzerine etkilerinde de farkliik
belirlenmistir. Mikorizal sporun 10 g/kg’r ve % 1
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Cladophora sp. uygulamasi (2.15g) ile 10 g/kg
mikorizal spor ve ve %1.5 Cladophora sp. (2.16 g)
uygulamalarinda en yiiksek agirlik alinmistir (Tablo
1). Mikoriza ve Cladophora sp 'nin birlikte
uygulanmasi ile kontrole gore kok kuru agirliginda
artis bulunmustur. Kontrole gore % 88.9 oraninda
artis, 10 g/kg mikorizal spor ve %1.5 Cladophora sp.
'nin birlikte uygulanmasi ile elde edilmistir. En
yiiksek klorofil a (Sekil 1) ve klorofil b (Sekil 2) icerigi
10g/kg mikorizal spor asilamasi x %1 Cladophora sp.
uygulamasinda gézlemlenmistir.

uygulamasinin  birlikte etkisi alkalin fosfataz,
dehidrogenaz ve flireaz enzim aktivitelerini diger
uygulamalara gore daha fazla etkilemis ve en yiiksek
degeri vermistir. 10 g/kg mikorizal spor x
%1Cladophora sp. uygulamasi1 ile yliksek -
glukosidaz enzim aktivitesi elde edilmistir. 15 g/kg
mikorizal spor x %1.5 Cladophora sp, uygulamasi ile
alkalin fosfataz aktivite kontrole gore %48.1
oraninda artis gostermistir. Ayni uygulama ile
dehidrogenaz aktivite %70.7; iireaz aktivite %98.7
oraninda artmistir (Tablo 2).

Cladophora sp. (%)

m0
f_\4
33 d d a b .0,5
?C_!D Ih e te hisf L
) K j h m1,5
4]
—
1S
~ 0

0 S5g/kg
Mikorizal spor miktari

10g/kg 15g/kg

Cladophora sp. (%)

3 mo
= - m0,5
o I T D 1
g 2
; m1,5
=1 d c 4 b
o
3
&

0 Sg/kg 10g/kg 15g/kg
Mikorizal spor miktar1

Uygulamalarinin yiiksek dozlari; incelenen enzim
aktivitelerini kontrole gore 6nemli oranda artirmistir.
15 g/kg mikorizal spor ile %1.5 Cladophora sp.

Sekil 1. Uygulamalarin klorofil a icerigi tizerine etkileri

Tablo 2. Uygulamalarin bazi rizosfer enzim aktivitelerine etkileri

Sekil 2. Uygulamalarin klorofil b igerigi izerine etkileri

Cladophora sp. Mi.korizal spor A11.<allin fosfataz B- g(lrlrlll;(-)rs)l_daz Ureaz aktivite De}:l((:ltlig,;gtznaz
(%) miktar (g/kg aktivite (upNP/g nitrofenol/g (mgN/100g (upTPF/g
toprak) toprak) toprak) toprak) toprak)
0 0 18.6 + 0.08j" 41+0.02] 0.18 + 0.04k 21.7£0.7j
5 24.8 +0.06h 1094+03g 3.18 £0.03h 25.3+0.51
10 23.1x0.021 17.08 £0.07 c 3.66 £ 0.01f 413 £0.2f
15 24.9 £ 0.03gh 13.47 £0.06 e 8.65 £ 0.03c 54+ 0.1d
0.5 0 20.7 £0.02d 5.98 £0.011 1.61 £ 0.01j 21.3%£0.5j
5 23.7 £ 0.02efg 1147 +0.1 f 3.22 +0.02gh 269+ 0.2g
10 23+0.02ef 11.15+0.2 fg 1.14 £ 0.07e 42.3x 0.3g
15 27.2+0.01de 10.57+0.3h 8.32+£0.03d 53.1+0.2b
1 0 19.6 £ 0.02h1 8.36+0.1h 1.40 +0.02j 253+0091
5 24 £0.02g 159304 d 344 +£0.08fg 389x04¢g
10 23.3+0.03fg 2529+0.1a 426 +0.07e 43.9+0.1e
15 32.3+0.02de 6.29 £0.51 12.83 +0.01b 53.1+0.2c
1.5 0 23.2+0.01gh 8.76 £0.1 h 2.68 £0.01j 25+0.31
5 24.3+0.02de 16.29 £0.04d 3.51 +0.09f 38.8+0.3g
10 24.4+0.01de 11.06+0.04 g 3.65 +0.06f 48.8 £0.2de
15 35.9+0.01a 17.93+£0.04b 15.58 £ 0.04a 74.3+0.2a

* Farkli harfle gosterilen ortalamalar arasinda istatistiki
olarak 6nemli fark vardir (P<0.05).

4. Tartisma ve Sonug¢

Son yillarda siirdiiriilebilir tarimsal {retim
sistemlerinin gelismesi ile birlikte bitki verimliligini
artirmak ve sirdiriilebilir bir ekolojik c¢evreye
ulasmak i¢in besin uyaricilarinin ve simbiyotiklerin
kullanimlarinin gerekli oldugu bildirilmistir [14].
Mikrobiyal ve mikrobiyal olmayan uyaricilarin
birlikte veya tek tek uygulamalarinin bitki gelisme ve
verimliligini etkili bir sekilde artirdig1 agiklanmistir
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[12]. Cladophora sp., mikoriza, Cladophora sp. x AMF
spor asilamasi uygulamalar istatistiki olarak énemli
bulunmustur (p<0.05). % 1.5 oraninda Cladophora sp.
ve %5 mikoriza uygulamasi ile kontrole gore % 31.5
oraninda bitki boyunda artis elde edilmistir. Bitki
gelisiminin tesvik edilmesinin, hormonal durumunu
degistirdigini, boylece besin emilimini 6nemli 6l¢iide
artirdigl yapilan calismalarda agiklanmistir [22,23]
Bizim sonuclarimizla uyumlu olarak Golubkina ve
ark. [24] arbiiskiiler mikoriza uygulamasinin ¢ortiik
bitkisinin biiytime ozelliklerini arttirdigini
saptamiglardir. Benzer olarak, Begiim ve ark. [25],
arbiiskiiler mikorizanin bitki ile simbiyotik iligki
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kurup genis hif sistemi olusturarak bezelye
bitkilerinde su ve besin emilimini artirdigini
bildirmislerdir. Ayrica topraga uygulanan
makroalglerin; rezenenin gelisimini iyilestirdigi
saptanmis, rezenenin makroalg uygulanmayan
kontrollere gore daha fazla gelisme gdstermesinin
gelisen kok sistemi ile daha fazla su ve besin
saglanmasina, bitki hormonlarinin etkisi ile
gelismenin tesvik edilmesine baglanmistir [25].
Hussain ve ark. [26] domates bitkilerinin kok
uzunlugu, govde ve kok kuru agirhigr gibi biiytime
ozelliklerinin makro alg uygulamalar ile arttigini
bildirmislerdir. EI Chami ve ark. [27] tarafindan
yapilan bir ¢alismada yosun giibresi uygulamalari ile
armut veriminin arttig1, yosun gilibresi uygulamasi ile
mineral giibrelemenin %13 oraninda azaltildigl
bildirilmistir. = Cladophora  sp. ve  mikoriza
uygulamalarinin artan dozu, kontrol ile
karsilastirildiginda kok agirligini arttirmistir. 10 g/kg
mikorizal spor x %1.5 Cladophora sp. uygulamasi ve
10 g/kg mikorizal spor x %1 Cladophora sp. ile en
yuksek kok kuru agirhigi alinmistir. Bu artisin
mikorizanin ve Cladophora sp.’nin bitki kok gelisimini
tesvik ettigini gostermektedir. Sonuclarimiz Asadi ve
ark. [28], El Chami ve ark. [27]'nin bulgulan
tarafindan da desteklenmektedir. Kontrol bitki
ornekleri ile karsilastirildiginda; uygulama ile klorofil
a icerigi % 64.5 ve klorofil b icerigi % 73.7 oraninda
artmistir. Sonuglarimiz mikoriza ve Cladophora
Sp.’nin birlikte kullaniminin fotosentetik
pigmentlerin énemli dl¢lide arttigini gostermektedir.
Klorofil icerigi bitki fotosentezini ve biiylime
potansiyelini 6l¢gmek i¢in 6nemli bir indekstir. Bitki
biyostimiilantlarinin uygulanmasina verilen ortak
yanitin klorofil biyosentezinde onemli rol oynayan
klorofil a, klorofil b ve karotenoid gibi fotosentetik
pigmentlerin artmasi oldugu acgiklanmistir [29].
Bitkilerde klorofil a ve b igerigindeki artis,
biyostimiilant olarak kullanilan mikoriza ve
Cladophora sp.’de alanin, aspartat, asparajin ve
glutamat gibi serbest aminoasitlerin ytiksek icerigine
baglanabilir  [29].  Makroalg  uygulamalarinin
fotosentetik pigment icerigini arttirmanin yani sira,
bitki biliylimesini etkili bir sekilde tesvik edebilen ve
yaprak gelisimini artirabilen oksinler, gibberelinler,
betain, poliamin vb. gibi bitki biiylimesini diizenleyen
maddeleri igerdikleri agiklanmistir [31].

Uygulamalarimiz ~ yapraklarin  Kklorofil igerigini
arttirmis, bu da fotosentez kapasitesinin artmasina
bagl olarak bitkinin vejetatif gelisimini olumlu yénde
etkilemistir. Sonu¢larimiz Meng ve ark. [31], Weisany
ve ark. [32]'nin  sonuglar1 ile  benzerlik
gostermektedir. Mahmoud ve ark. [13] tarafindan
yapilan bir arastirmada 3ml/]l oraninda kahve renkli
alg uygulamasi ile kirmizi turp Dbitkilerinin
yapraklarinda fotosentetik pigment igeriklerinin
kontrole gore onemli Olglide arttigini gdstermistir.
Mikorizal spor ve makroalg uygulamalari, rizosfer ve
kok sistemi etrafina diisiik ve yliksek molekiiler
agirlikli organik bilesikler yaymis makro ve mikro
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besin elementlerinin emilimini 6nemli odlglide
artirmistir [33]. Misir gelisimi iizerine Cladophora sp.
ve mikorizanin ayr1 ayr1 ve birlikte olan etkilerinin
belirlenmesine  yonelik olan bu c¢alismada,
uygulamalarin  yararlh  etkilerinin daha iyi
anlasilabilmesi icin misir bitkilerinin rizosferdeki
dehidrogenaz, alkalin fosfataz, iireaz, f-glukosidaz
gibi temel toprak enzimleri incelenmistir (Tablo 2).
Uygulamanin etkisi ayr1 ayr1 incelendiginde; toprak
enzimleri lizerinde uygulamalarin tekli uygulamalari
etkili olmamakla birlikte; artan dozlar enzim
aktivitelerini kontrole gore artirmistir. Genava ve ark.
[34] bezelye bitkilerinin arbiiskuler mikorizal fungi
ve Rhizobium ile asillanmasi sonrasi rizosferdeki
alkalin ve asit fosfataz aktivitenin arttiginmi
saptamiglardir. Bu enzimlerin, toprakta bitkiler
tarafindan alinamayan formdaki fosforun
mineralizasyonu ile kokler tarafindan kolayca
alinmasina ve bitkiler icin kullanilabilirligine
yardimct oldugu bildirilmistir [34]. Calismamizda
mikorizal sporun artan dozlar ile alkalin fosfataz

aktivitedeki artis, arastiricilarin  bulgulan ile
desteklenmektedir.
El Sawah ve ark. [35] tarafindan yapilan bir

calismada mikorizal fungus sporu fungi ile bitki
gelisimini tesvik eden bakterilerden Bradyrhizobium
sp., Bacillus subtilis'in birlikte topraklara uygulanmasi
ile dehidrogenaz fosfataz, proteaz ve invertaz enzim
aktivitelerinde artis oldugu saptanmistir. Toprakta
bulunan besin maddelerinin toprak
mikroorganizmalarina daha fazla enerji ve besin
saglayarak enzim aktivitelerini artirdiklar1 Vazquez
ve ark. [36] tarafindan bildirilmistir. Calismamizda da
topraklara eklenen Cladophora sp. ve mikorizanin
topraktaki besin maddesi igerigini etkiledigi,
dolayisiyla toprak enzim aktivitelerinin de kontrole
gore arttigini gostermektedir. Dehidrogenaz aktivite
Cladophora sp. ve mikorizanin topraklara eklenmesi
ile artis gostermistir. Ayrica Cladophora sp. ve
mikorizal sporun birlikte uygulanmasi ile artan
dozlarla da aktivite artmistir. Cladophora sp. X
mikorizal spor uygulamalar1 topragin B-glukosidaz
aktivitesini arttirmigtir. Ozellikle uygulamalarin artan
dozlar1 aktiviteyi kontrole oranla dnemli diizeyde
arttirmistir. 10 g/kg mikorizal spor x %1 Cladophora
sp- uygulamasi ile kontrol karsilastirildiginda -
glukosidaz aktivite % 83.78 oraninda artmistir.
Enzim aktivitesindeki artisin topraktaki
mikroorganizmalar i¢in enerji kaynag: olarak énemli
olan karbonhidratlarin doniislimiini  go6sterdigi
distinlilmektedir. Uygulamalar sadece bitkinin degil
aynt zamanda topragin biyolojik aktivitesini de
arttirmistir. Topraklarda [-glukosidaz aktivitenin
artmasinin suda ¢oziiniir karbonun arttirilmasi ile
rizosferdeki mikrobiyal popilasyonun
aktiflestiginden kaynaklanabilecegi Caldwell [37],
Fiorentinove ark. [38] tarafindan tespit edilmistir.
Mikorizalar fosfataz enzimi Ureterek, hareketsiz
fosforu hareketli forma doéntstiirerek, diger besin
maddelerinin  alimmi  ve organik maddenin
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pargalanmasini ya da mineralizasyonunu bozulmasini
artirarak, topraktaki besin maddelerinin
kullanilabilirligini dolayli olarak artirmistir [39].
Calismamizda da mikoriza uygulamalari ile incelenen
ozelliklerin kontrole gore artis gdstermesi Rouphel
ve ark. [39]'un bulgular ile benzerlik gostermektedir.
Sonug olarak., uygulamalar kontrole gore bitki boyu,
misir kok uzunlugu, kék yas ve kuru agirligy, klorofil

icerigini  artirmistir.  Incelenen  temel  bitki
ozelliklerinin  tlimiinde etkili tek bir doz
belirlenememekle birlikte, uygulamalarin artan

dozlan etkili bulunmustur. Kiiresel gida giivenirligi
icin hayati onem tasiyan gida iretimini giivence
altina almak i¢in kimyasal giibrelerin yerine biyolojik
organizmalarin kullanimi ile hem ¢evre kirliligi
onlenebilir hem de gerekli enerji ve kimyasal
glibrelerin miktar1 azaltilabilir. Ayn1 zamanda faydali
mikroorganizmalarin etkinligi ile tarimsal sistemlerin
sturdirilebilirligi artirilabilir. Mikorizal spor ve
Cladophora sp'nin bitkilere uygulanmasi ile daha
fazla besin ve su ihtiyac1 karsilanacagindan, bitkiler
hastalik ve stres faktdrlerine karsi daha dayanikli
hale gelebilirler. Boylece verimi artirmanin yaninda
su ve besin maddeleri gibi dogal kaynaklarin
kullanimini  optimize ettiginden mikoriza ve
Cladophora sp.nin uygulanmasi hastalik ve zararhlar
gibi olumsuzluklarin neden oldugu kayiplarn1 da
o6nemli o6l¢lide azaltabilir. Mikoriza ve Cladophora
sp.-nin Dbirlikte kullanimi, misir verimliligi ve
gelisimine destek saglayarak, tarimsal ekosistemdeki
toprak enzim aktivitesini artirarak topraklari daha
verimli  kilabilir.  Calismamizda uyguladigimiz
mikoriza ve Cladophora spnin ayr1 ayr1 veya birlikte
kullaniminin misir gelisimini ve rizosferik enzim
aktivitesini tesvik edebilecegi diisliniilmektedir.
Ancak calisma sera kosullarinda yapildigindan aym
calismanin ileride tarla kosullarinda da uygulanmasi
daha net sonuclar elde edilebilecektir.

Tesekkiir

Bu calismayr destekleyen Harran Universitesi
Bilimsel Arastirma Projeleri Birimi'ne (Proje No
23078) tesekkiir ederiz.

Etik Beyani/Declaration of Ethical Code

Bu c¢alismada, “Yiiksekogretim Kurumlart Bilimsel
Arastirma ve Yayin Etigi Yonergesi” kapsaminda
uyulmast gerekli tiim kurallara uyuldugunu, bahsi
gecen yénergenin “Bilimsel Arastirma ve Yayin Etigine
Aykirt Eylemler” bagsligt altinda belirtilen eylemlerden
higbirinin gerceklestirilmedigini taahhiit ederiz.

Kaynakga

[1] Raza, A, Razzaq, A, Mehmood, S.S. Zou, X,
Zhang, X,, Liv,Y.2019. Impact of climate change
on crops adaptation and stategies to tackleits
outcome: A review. Plants, 8, 34-63.

[2] FAO, 2021. The impact of disasters and crises on
agriculture and food security:2021. (Rome,
Italy:FAO)https://openknowledge.fao.org/handl
e/20.500.14283/cb3673en(Erisim Tarihi:
2021).

[3] Surjeeth, N., Petrov, V., Guinan, K], Rasul,
F.,O'Sullivan, ]J.T., Gechev, T. S. 2022. Current
insights into the molecular mode of action of
seaweed based Dbiostimulants and the
sustainability of seaweeds as raw material
resources. International Journal of Molecular
Sciences, 23, 7654-7677.

[4] Patle, P.N,, Kadu, P.R., Gabhane, A.R., Pharande,
AL, Bhagat, AP, Bhoyar, SM. 2019.
Consequences proveked due to excess
application of agrochemical on soil healt
deterioration. A review for sustainable
agriculture. Journal of Pharmacognosy and
Phytochemistry, 8,63-66.

[5] Mandal, A, Sarkar, B., Mandal, S., Vithanage, M,
Patra, AXK, Manna, M.C. 2020. Impact of
agrochemicals on soil health. ss161-187. Prasad,
M.N.V. 2020. Agrochemicals detection, treatment
and remediation. Oxford, United Kingdom, 665s.

[6] Verma N, Sehrawat AR, Pandey D, Pandey BK
2020. Seaweed: a novel organic biomaterial.
Current Journal of Applied Science Technology,
39, 1-8.

[7] Suleiman, A.K.A., Lourenco, K.S., Clark, C., 2020.
From toiletto agriculture: Fertilization with
microalgal biomass from waste water impacts
the soil and rhizosphere active microbiomes,
greenhouse gas emissions and plant growth.
Resources Conservation Recycling, 161, 104924.

[8] Santander,C., Aroca, R., Ruiz-Lozano, ].M., Olave,
J, Cartes, P. Borie, F. Cornejo, P.2017.
Arbuscular mycorrhiza effects on plant
performance under osmotic stress. Mycorrhiza,
27,639-657.

[9] Pons,C.,VoB.Schweiger,R.,Miiller,C.2020.Effects
of drought and mycorrhiza on wheat and aphid
infestation. Ecology  Evolution, 10, 10481-
10491.

[10] Lingua, G., Bona, E., Manassero, P., Marsano, F.,
Todeschini, V. Cantamessa, S. Copetta, A,
D'Agostino, G. Gamalero, E. Berta, G. 2013.
Arbuscular mycorrhizal fungi and plant growth
prometing Pseudomonads increases anthocyanin
concentration in strawberry fruits (Fragaria x
ananassa var, Selva) in conditions of reduced
fertilization. International Journal of Molecular
Science, 14, 16207-16225.

[11] Bordre, M., Dudhane, M., Jite, P.K. 2009. Role of
bioinoculant (AM Fungi) increasing in growth,
flavor content and yield in Allium sativum L.



¢.KUGUK vd. / Cladophora sp. ve Arbiiskiiler Mikorizal Fungus Spor Asilamasinin Misir Bitkisinin Gelisim Parametreleri ve Bazi Rizosfer Toprak Enzimlerine Etkisi

[12]

[17]

[22]

under field condition. Notulae Botanicae Horti
Agrobotanic Cluj-Napoca, 37, 124-128.

Dziergowska, K., Welna, M., Szymczycha
Madeja, A., Checmamowski, ], Michalak, I.
2021. Valorization of Cladophora glomereta
biomass and obtained bioproducts into
biostimulants of plant growth and as sorbents
(Biosorbents) of metal ions. Molecules,
26,6917-6941.

Mahmoud, S. H. Salama, D.M. El-Tanahy,
A.M.M,, Abd El-Samad, E.H. 2019. Utilization of
seaweed (Sargassum vulgare) extract to
enhance growth, yield and nutritional quality
of red radish plants. Annals Agricultural
Sciences, 64, 167-175.

Gonzalez-Perez, B.K., Rivas-Castillo, A.M.,,
Valdez-Calderon, A. Gayosso Morales, M.A.
2022. Microalgae as biostimulants: a new
approach in agriculture. World Journal of
Microbiology & Biotechnology, 38,1-12.

Chai, Y.N., Schachtman, D.P. 2022. Root exudate
simpact plant performance under abiotics tress.
Trends Plant Sciences, 27, 80-91.

Prazukin, AV, Anufriieva, E.V. Shadrin, N.V.
2020. Is biomass of filamentous greenalgae
Cladophoraspp. (Clorophyta, Uivophtceae) an
unlimited cheap and valuable resource for

medicine and pharmacolgy? A review. Reviews
in Aquaculture, 12,2493-2510.

Michalak,I.,Mesyasz,B.2021.Concise review of
Cladophoraspp.: A macroalga of commerical
interest. Journal of Applied Phycology, 33,133-
136.

Tasdan, K. 2021. Durum Tahmin Misir 2021.
Tarimsal Ekonomi ve Politika Gelistirme
Enstitiisti, TEPGE, Ankara, Tiirkiye 43s.

Dogan, S., Demirel, K, Camoglu, G., Nar, H.,
Akcal, A 2020. Farkli sulama seviyelerinin
ceylan goziiniin bitkisel 6zellikleri {izerine
etkilerinin belirlenmesi. COMU Lapseki Meslek
Yiiksekokulu Uygulamali Arastirmalar Dergisi,
1,1-15.

Arnon, D.T. 1949. Copper enzymes in isolated
chloroplast polyphenol oxidase in Beta vulgaris.
Plant Physiology, 24, 1-15.

Kigiik, €., Sinsek, N. 2020. The effects of

different agricultural wastes on some
microbiologial properties of soil. EJONS
International Journal on Mathematics,

Engineering & Natural Sciences, 15, 451-460.

Sukumar, P. Legue, V. Vayssieres, A., Martin,
F. Tuskan, G.A., Kalluri, U.C. 2013. Involment of
auxin pathways in modulating root architecture
during  beneficial plant microorganism

195

[23]

[24]

[25]

[26]

[27]

(28]

[29]

[30]

[31]

[32]

interaction. Plant, Cell and Environment,

36,909-9109.

Yakhin, 0.1, Lubyanov, A.A., Yakhin, L.A., Brown,
P.T. 2017. Biostimulants in plant science:
Aglobal perspective. Frontiersin Plant Science,
7,2049.

Golubkina, N., Logvinenko, L. Novitsky,
M.,Zamana,S.,Sokolov, S., Gonzalez-Gonzalez, M.
F., Ocampo-Alvarez, H., Santacruz-Ruvalcaba, F.,
Sanchez-Hernandez, C. V., Casarrubias-Castillo,
K., Becerril-Espinosa, A., Castaneda-Nava, ]. J.,
Hernandez-Herrera, R. M. 2020. Physiological,
ecological, and biochemical implications in
tomato plants of two plant biostimulants:
arbuscular mycorrhizal fungi and seaweed
extract. Frontiers in Plant Science, 11,1-18.

Begiim, M., Bordoloi, B.C.,, Singha, D.D., Ojha,
N.J.2018. Role of seaweed extract on growth,
yield and quality of some agricultural crops: A
review. Agricultural Revolution, 39,321-326.

Hussain, H.I, Kasinadhuni, N., Arioli, T. 2021.
The effect of seaweed extract on tomato plant
growt, productivity and soil. Journal of Applied
Phycology, 33,1305-1314.

El Chami, D.Galli, F. 2020. An assessment of
seaweed extracts: Innovation for sustainable
agriculture. Agronomy, 10, 1433.

Asadi, M., Rasouli, F., Amini, T.,
Hassanpouraghdam, M.B,, Souri, S.,
Skrovankova, S. Mlcek, J.,, Ercisli, S. 2022.
Improvement of Photosynthetic Pigment
Characteristics, Mineral Content,
andAntioxidant Activity of Lettuce (Lactuca
sativa L.) by Arbuscular Mycorrhizal Fungus
and Seaweed Extract Foliar Application.
Agronomy, 12, 1943.

Carillo, P., Colla, G.Fusco, G.M., Dell’Aversana,
E., El-Nakhel, C., Giordano, M., Pannico, A,
Cozzolino, E., Mori, M. Reynaud, H. 2019.
Morphological and physiological responses
induced by protein  hydrolysate-based
biostimulant and nitrogen rates in greenhouse
spinach. Agronomy, 9, 450.

Gupta, S., Stirk, W.A., Plackova, L. Kulkarni,
M.G., Dolezal, K., Van Staden, ]. 2021. Interactive
effects of plant growth-promoting rhizobacteria
and a seaweed extract on the growth and
physiology of Allium cepa L. (onion). Journal of
Plant Physiology, 262, 153437.

Meng, C., Gu, X,, Liang, H.,,Wu, M,,Wuy, Q,, Yang, L.,
Li, Y., Shen, P. 2022. Optimized preparation and
high-efficient application of seaweed fertilizer
on peanut. Journal of Agricultural and Food
Information, 7, 100275.

Weisany, W., Raei, Y., Pertot, I. 2015. Changes in
the essential oil yield and composition of dill



¢.KUGUK vd. / Cladophora sp. ve Arbiiskiiler Mikorizal Fungus Spor Asilamasinin Misir Bitkisinin Gelisim Parametreleri ve Bazi Rizosfer Toprak Enzimlerine Etkisi

[33]

[34]

[35]

[36]

[37]

[38]

[39]

(Anethum graveolens L.) as response to
arbuscular mycorrhiza colonization and
cropping system. Industrial Crops and
Products, 77, 295-306.

Ronga, D., Biazzi, E., Parati, K, Carminati, D.,
Carminati, E., Tava, A. 2019. Microalgal
biostimulants and Dbiofertilisers in crop
productions. Agronomy, 9, 192.

Genava, M., Zehirov, G., Djonova, E., Kaloyanova,
N., Georgiev, G., Stancheva, I. 2006. The effect of
inoculation of pea plants with mycorrhizal
fungi and Rhizobium on nitrogen and
phosphorus assimilation. Plant, Soil
Environment, 52,435-440.

El Sawah,A.M., El-Keblawy, A., Ali, D. F. I,
ibrahim, H. M., El-Sheik, M. A., Sharma, A,
Hamoud, Y. A. Shaghaleh, H. Brestic, M,
Skalicky, M., Xiong, Y. Sheteiwy, M. 2021.
Arbuscular mycorrhizal fungi and plant growth
promoting rhizobacteria enhance soil key
enzymes, plant growth, seed yield and
qualitative attributes of Guar. Agriculture, 11,
1-19.

Vazquez, E., Benito, M., Espejo, R., Teutscherova,
N. 2020. Response of soil properties and
microbial indicators to landuse change in an
acid soil under Mediterranean conditions.
Catena, 189,10.

Caldwell, B. A. 2005. Enzyme activities as a
component of soil biodiversity: A review.
Pedobiologica, 49, 637-644.

Fiorentiono, N., Vertorino, V., Woo, S.L., Pepe,
0., De rosa, A. Gioio, L. 2018. Trichoderma-
based biostimulants modulate rhizospore
microbial population sand improve N uptake
efficiency, yield and nutrition alqualty of leafy
vegetables. Frontiers in Plant Science, 9,74 3.

Rouphael, Y. Franken, P. Schneider, C,
Schwarz, D., Giovannetti, M., Agnolucci, M., De
Pascale, S., Bonini, P., Colla, G. 2015. Arbuscular
mycorrhizal fungi act as biostimulants in
horticultural crops. Scientia Horticulturae, 196,
91-108.

196



Siileyman Demirel Universitesi Siileyman Demirel University
Fen Bilimleri Enstitiisii Dergisi Journal of Natural and Applied Sciences
Cilt 28, Say1 2, 197-206, 2024 Volume 28, Issue 2, 197-206, 2024

DOI: 10.19113 /sdufenbed.1496941

Non-Isolated Bidirectional DC-DC Converter Design and Low Power Application for EV
Charging Station

Furkan Ustiinsoy*1'”, H. Hiiseyin Sayan2'", Sadik Yild1z3

L3 Gazi University, Institute of Natural and Applied Sciences, 06560, Ankara, Turkey
2 Gazi University, Faculty of Technology, Electrical-Electronic Engineering, 06560, Ankara, Turkey

(Alinis / Received: 06.06.2024, Kabul / Accepted: 10.07.2024, Online Yayinlanma / Published Online: 23.08.2024)

Keywords Abstract: Today, the negative impact of charging on the grid is becoming a major

EVs charging, concern as the number of electric vehicles increases. The charging topologies such

DC/DC converter, as V2G, V2H and V2V are being studied to solve this problem. The most critical issue

33\({, in this context is the design and use of appropriate infrastructure and equipment. In
this study, firstly alow-cost and high-efficiency non-isolated bidirectional 120W DC-
DC converter suitable for DC charging stations is designed. The designed converter
was analysed both by analytical methods and by operating at low powers. Secondly,
a real-world implementation of V2V and V2H topologies has been performed using
these designed converters. In the application study, a DC charging station model was
created by using 4 of these converters as charging units. The 90-minute operation
of the designed charging station was realised according to a rule-based algorithm.
Accordingly, it has been shown that the efficiency of the non-isolated bidirectional
DC-DC converter designed is 95%. It is also proved that 54.16% of the EVs load can
be shifted to off-peak time period using V2V topology in real world application.
According to the results, it is understood that the isolated and high-power version
of the designed converter is suitable for charging stations.

EA Sarj istasyonu icin izolesiz Cift Yonlii DA-DA Déniistiiriicii Tasarim ve Diigiik Giiclii
Uygulamasi

Anahtar Kelimeler Ozet: Giiniimiizde elektrikli araglarin sayisi arttikca sarjin sebeke iizerindeki

EA’ larin sarj, olumsuz etkisi biiylik bir endise kaynagi haline geliyor. Bu sorunu ¢6zmek i¢in V2G,

DA/DA déniistiiriicg, V2H ve V2V gibi sarj topolojileri tizerinde ¢alisilmaktadir. Bu baglamda en kritik

2y, konu uygun altyapi ve ekipmanlarin tasarlanmasi ve kullanilmasidir. Bu ¢alismada

V2G .. . . - : . . s
oncelikle DA sarj istasyonlarina uygun, diisiik maliyetli ve yiiksek verimli,
izolasyonsuz cift yonlii 120 W DA-DA donistiiriicii tasarlanmistir. Tasarlanan
doniistiiriicii hem analitik yontemlerle hem de diisiik giiclerde ¢alistirilarak analiz
edilmistir. ikinci olarak, tasarlanan bu déniistiiriiciiler kullanilarak V2V ve V2H
topolojilerinin gercek diinyada uygulanmasi gergeklestirildi. Uygulama
calismasinda bu doniistiiriiciilerden 4 tanesi sarj linitesi olarak kullanilarak DA sarj
istasyonu modeli olusturulmustur. Tasarlanan sarj istasyonunun 90 dakikalik
calismas1 kural tabanli bir algoritmaya gore gergeklestirilmistir. Buna gore
tasarlanan izolasyonsuz ¢ift yonlii DA-DA déniistiiriiciiniin veriminin %95 oldugu
gosterilmistir. Ayrica, gercek diinya uygulamasinda V2V topolojisi kullanilarak EV
yukiinlin  %54.16'sinin  yogun olmayan zaman dilimine kaydirilabilecegi
kanitlanmistir. Sonuglara gore tasarlanan dontstiriicliniin izoleli ve yiiksek giiclii
versiyonunun sarj istasyonlari i¢in uygun oldugu anlasilmistir.

1. Introduction growing rapidly worldwide due to environmental
factors and concerns about the depletion of fossil fuels.
The use of electric vehicles (EVs) in transportation is The rapid spread of EVs raises different concerns. The
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biggest threat to the expansion of EVs is the creation
of power quality problems for the grid. Harmonics,
reactive power, voltage drops and fluctuations, grid
frequency instabilities, unbalanced loads, etc. could be
given as examples of power quality problems caused
by the charging process. Most of these problems can
be largely solved within the charging station by simple
hardware precautions in the design of the charging
block. However, the voltage and frequency instability
of the main grid is a very complex and difficult
problem to solve. The main reason for this problem is
the disruption of the balance between energy supply
and demand. In this case, unlimited expansion of the
production-transmission-distribution infrastructure
is not a wise solution. For this reason, researchers
have conducted numerous studies in recent years on
intelligent charging strategies wusing charging
topologies such as V2G (vehicle-to-grid), V2H (vehicle-
to-home), or V2V (vehicle-to-vehicle) [1,2]. The
applicability of these proposed strategies in the real
world is another area of research for researchers.
Today's chargers use unidirectional energy flow for
both fast and slow charging. However, in the future,
when the number of EVs reaches the current number
of conventional vehicles, the use of these proposed
strategies will be inevitable. For this reason, especially
slow charging blocks should be designed for
bidirectional energy flow. In this study, a high
efficiency non-isolated bidirectional DC-DC converter
for bidirectional energy flow is designed. Both
simulation and implementation of the designed
bidirectional =~ DC-DC  converter have been
implemented.

There are many studies in the literature on the design
of non-isolated bidirectional DC-DC converters. For
example, in [3], the characteristics of current and
future trends of non-isolated converters including
buck-boost, single-ended primary inductor, Cuk, z-
source, zeta and hybrid DC-DC converters are
highlighted based on performance parameters. In [4],
the design and control of a multiphase gap
bidirectional DC-DC converter was carried out. In [5],
a bidirectional DC-DC converter (BDC) is proposed for
the EV application. In [6], a bidirectional, non-isolated,
hybrid modular DC-DC converter for high voltage (HV)
applications is investigated. Another study presents a
bidirectional DC-DC converter with dual input ports
for Hybrid Energy Storage System (HESS) [7]. The
study [8] focuses on the modified structure of power
electronic interfaces with four non-isolated ports (two
input and two output ports) that can be used in electric
vehicle (EV) applications. Another study provides a
comprehensive review of non-isolated bidirectional
DC-DC converter topologies [9]. In [10], a simpler,
non-isolated, bidirectional DC-DC converter based on
logic control circuits is proposed for both battery and
supercapacitor topologies. Another study proposes an
improved non-isolated single inductor multiple input
buck DC-DC converter with reduced component count
[11]. In [12], a new bidirectional multi-port DC-DC
converter that can be operated in both step-up and

198

step-down modes is introduced, which is
recommended for EV applications. In another study,
an advanced controller for multi-input bidirectional
DC-DC power converter for hybrid energy storage
system (HESS) is presented [13]. In [14], a new non-
isolated bidirectional DC-DC converter with free
ripple input current and zero voltage switching (ZVS)
capability is proposed. In another paper, a new
integrated cascade bidirectional DC-DC converter is
presented to optimize a central charge balancing
system [15]. In [16], the performance analysis and
comparison of two types of bidirectional DC-DC
converters, a step-down-booster capacitor in the
middle and a step-down-step-up inductor in the
middle, for use in EVs are presented. Another study
discussed a possible EV configuration based on
supercapacitors and batteries using a bidirectional
DC-DC converter to provide reliable and fast energy
transfer [17]. In [18], a new topology for high stage
multiport DC-DC converters is proposed. In [19], soft-
switching topologies for non-isolated DC-DC
converters are introduced and the classification and
characteristics of all types of soft-switching
technologies are presented. In another study, a
bridgeless Cuk-derived DC-DC converter for V2V
charge transfer as an on-board charger was designed
and analyzed [20]. In [21], a high-gain non-isolated
DC-DC partial power converter for automotive
applications was presented.

Valuable work on non-isolated
bidirectional /unidirectional DC-DC converters and
the operation of topologies such as V2V, V2G, V2H has
been presented above. In this paper, the following
contributions to the literature are presented.

- A low cost and high efficiency non-isolated
bidirectional DC-DC converter is designed
and experimental results are presented.

- A low power real charging station
architecture for V2V topology is designed for
the first time.

- Forthe first time, it is proved that energy flow
between vehicles can be provided in a stable
manner using V2V topology.

- For the first time, the real-world applicability
of these topologies has been demonstrated.

This paper is organised in five sections. Section 2
presents the designed DC-DC converter circuit
topology and simulation results, Section 3 presents
the converter board design and efficiency calculation,
Section 4 presents the operation of the V2V topology
and Section 5 presents the conclusions.

2. Non-Isolated Bidirectional DC-DC Converter
Circuit Topology and Simulation Results
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Bidirectional DC-DC converters are also referred to in
the literature as half-bridge synchronous DC-DC
converters. There are two modes for this converter
topology. The first is Buck mode, where energy flows
from input to output. The second is Boost mode, where
energy is transferred from the output to the input.
Figure 1 shows the topology of a bidirectional DC-DC
converter.

Q1

®

T~ RL
Q2

= ¢~
Qg D2 +
Vout _I_
|

Figure 1. Non-isolated half-bridge bidirectional DC-DC
converter

Rin

AN

Rout

Vin e

m |

In the topology in Figure-1, MOSFET Q1 and diode D2
are open, MOSFET Q2 and diode D1 are closed for Buck
mode. In boost mode, Q2 MOSFET and D1 diode are
open, Q1 MOSFET and D2 diode are closed.

The main purpose of DC to DC power conversion is to
provide bidirectional energy flow between two
different voltage levels under normal and abnormal
conditions [22]. In the topology shown in Figure 1, the
half-bridge DC-DC power converter operates
bidirectionally in step-down and step-up modes. This
means that the energy transfer is controlled from low
voltage to high voltage and vice versa. Therefore, the
performance of the bidirectional DC-DC converter
should be analyzed in 2 different modes (Buck-Boost).

2.1 Buck mode

In a bidirectional DC-DC converter topology, Vin is
always greater than Vout. Therefore, Buck mode is
active for the energy flow from input to output. The
relations between input and output for buck mode are
given in Equation-1, Equation-2, and Equation-3.

Vout lin
= =D 1)

Vin ~ lout

(1 -D).Ts.Vout
Alout = )

(1-D).R g (2)
L=— -9 (for Alout = 21;)
2f
AVout = Vout(1 — D).Ts?
out = 8LC ’
_(1-D).Ts? 3)

C (for AVout = 2Vout)

16L

* Vin = Input voltage.

¢ Vout = Output voltage.

e [in = Input current.

e [out = Output current.

¢ D = Transmission Rate.

e Alout= Output current ripple.
e AVour= Output voltage ripple.
* Ts = Switching period.

In buck mode, MOSFET Q1 and diode D2 are on,
MOSFET Q2 and diode D1 are off. When Q1 is in
conduction, the inductor (L) and capacitor (C) are
charged, and when Q1 is in cut-off state, the charged L
and C complete their energy through the D2 diode. In
this way, energy flows from the high voltage side to the
low voltage side.

2.2 Boost mode

Boost mode is active when power is flowing from the
output source to the input. The input-output
relationships for boost mode are shown in Equation-4,
Equation-5, and Equation-6.

Vout _ lin _ 1
Vin  Iout 1-D (4)
(1-D).D.Vout
Alout = ——,
L.f )
D(1 - D)%.R
L =————— (for Alout = 2I,)
2f
AVout Tout.D
out = ,
C.
! 6)

c

= (for AVout = 2Vout)
ZfROU.t

¢ [ = Inductor current.
« f = Switching frequency.

In boost mode, Q2 MOSFET and D1 diode are on, Q1
MOSFET and D2 diode are off. When Q2 is conducting,
Lis charging, and when Q2 is disconnected, the voltage
on L is reversed because the polarity of IL cannot
change immediately. This results in a higher voltage at
the junction of mosfets Q1 and Q2 than at the input
voltage. In this case, diode D1 is conducting. In this
way, energy flows from the low-voltage side to the
high-voltage side. The switching and current graphs
for buck mode, boost mode, and the transition from
buck to boost mode are shown in Figure 2.
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Figure 2. Switching and current graph for transition from
buck mode to boost mode [23]

2.3 Non-Isolated bidirectional DC-DC converter
simulink model

The Simulink model of a non-isolated bidirectional DC-
DC converter was created to analyze the behavior of
the designed circuit model.

The circuit model was tested in two different modes
and the results were analyzed. Lithium-ion batteries of
12 V-5Ah and 6 V-5ah were used in the model.

The energy flow between these two batteries is
controlled by using a PID controller with a constant
current reference value (Irer). The Simulink model of
the designed circuit is shown in Figure 3. Ire=1.2 A,
Vin=12 V, Vou=6 V and f=15 kHz are set for buck mode.
Irer=-1.2A, Vin=12V, Vou=6V and f=15 kHz are set for
boost mode.

=—{— 0

Figure 3. Non-isolated half-bridge bidirectional DC-DC
converter simulink model

In the designed Simulink model, the MOSFET values
are determined according to the IRFZ 44N MOSFET
data. Inductance and capacitor values are also
adjusted by considering the values of the elements
used in the application circuit.

According to the simulation results for buck mode, the
changes of current, voltage and SOC values on the low
voltage side are shown in Figure 4 (a). For boost mode,
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the changes in current, voltage and SOC values on the
low voltage side are shown in Figure 4 (b).

% SOC
Current (A)

Current (A)

Voltage (V)

(a)

% SOC

Current (A)

Current (A)

‘ Voltage (V)

(b)
Figure 4. (a) Simulation results for buck mode (b)
Simulation results for boost mode

When Figure 4 are analyzed, it is clear that the current
ripple ratio is higher in boost mode operation.
However, considering the average current value, it is
understood that the reference current value is reached
in a very short time without error in both buck and
boost mode operation. However, due to the internal
resistance of the battery, it was observed that the
voltage at the battery terminals increased slightly in
buck mode and decreased slightly in boost mode
during charging. However, it is seen that this voltage
value remains stable during charging.

3. Non-Isolated bidirectional DC-DC converter
design

In the design, the optimum values of the coil and
capacitor for D=0.33 (Vour=4 V, Vin=12V), f=15 kHz,
Rout=1.0 Ohm fixed load and IL.=4 A were calculated as
L>23.33 pH and C>7.97uF. These values were
calculated for ideal conditions. In other words,
considering many values such as source resistance, all
cable resistances, Vds voltages of power MOSFETSs,
inductor internal resistance, capacitor resistance, the
selected power coil and capacitor values are much
higher. The selected power coil and capacitor values
are L=100 pH and C=1000 pF. The input voltage and
current of the circuit are maximum 48V and 2.5A.
Therefore, the power of the bidirectional converter
presented is 120 Watt.

The board was designed using IRFZ 44N power
MOSFETs, IR 2110 driver, 10 amp 0.1 mH power coil,
7812 and 7805 for driver and optocoupler supply. The
schematic circuit model of the designed power card is
shown in Figure 5, and the PCB layout is shown in
Figure 6.
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Figure 5. Non-isolated half bridge synchronous' DC-DC
converter schematic circuit model

Figure 6. DC-DC converter power card

3.1 Calculation of the efficiency

The designed circuit was operated at D=0.5 and
f=15000 Hz for Rouw=1.0 Q load. According to this;
Output data: Vou=4.55V, Ilouw=4.084, input data:
Vin=12.51V, Iin=1.53A were measured with a
multimeter. Since the ammeter is connected in series
with the circuit and the load resistance is very low, the
internal resistance of the ammeter has little effect on
the circuit characteristics. The efficiency calculation is
based on actual values. Efficiency is expressed as the
ratio of output power to input power as a percentage
in Equation 7.

Vout X Io Pout

ut
X 100 =
Vi

Iin

%1 X 100

()

in

« % = Efficiency in percent.
¢ Pout= Output Power.
¢ Pin = Input Power.
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CH1 Units: V

The efficiency of the designed circuit is calculated to
be approximately 95%. Oscilloscope outputs for the
designed inverter at Rou=1.0 k(), D=0.4, and f=15000
Hz frequency are shown in Figure 7. Oscilloscope
measurements were taken over the resistance on the
load.

The STM32F407 microcontroller board is used for
closed loop operation of the designed non-isolated
half-bridge synchronous DC-DC converter. High-level
coding was done using the CubeMX program and
TrueStudio program with microcontroller. The
control of the designed converter is realized with
PWM signals according to the values measured by the
Ina219 current-voltage sensor. The test of the
designed closed-loop software was performed
according to the reference voltage values. The results
were monitored in the StmStudio program, which can
be recorded and displayed in real time. The output
voltage changes of the circuit board according to the
references are shown in Figure 8. The output current
control of the power board was implemented using
the same control architecture. Since batteries are used
on both the high and low voltage side, the voltage
remains constant. Therefore, current control is
sufficient for power flow.

nnnnn a0 o0

Figure 8. Converter output voltage change measured with
the StmStudio program
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4. Charging Station Design and Low Power
Application for V2V Topology

When the studies in the literature are examined, the
applicability of V2V topology for DC charging station
architecture has not been tested. For this reason, a low
power model with 4 charging modules was designed
in the laboratory environment to demonstrate the
behaviour of the real DC charging station architecture
when the V2V topology is operated. The station is
controlled according to the charging coordination
equations in Reference [1]. Accordingly, Equation 8
refers to the instantaneous power control of vehicles
labelled as consumers and Equation 9 refers to the
instantaneous power control of vehicles labelled as
prosumers.

EPA, /fi Py
EV] = J , PEV] = I-VEV]r IrefEV] = —— (8)
Ts Vev;
(—ECA).f, Pey,
PEV] = T, PEV] =1L VEV]I IrefEV] = W (9)

Where EPA (Equation 10) is the total instantaneous
energy produced and ECA (Equation 11) is the total
instantaneous energy consumed. Ts is the balancing
time of the charging levels of all vehicles and is given
in Equation 12.

EPA; = [SOCgy;(t) — SOCg]. Cp; (10)

ECA; = [SOCg — SOCgy;(D)]. Cp; (11)

Here, Cp;j is the battery capacity of the vehicles and

SOCg is the balance value determined for the charge
level. In this study, SOCg was set to 0.8.

2P EPA;/fi — X1<, ECAy. fi
Pr

T, = (12)

Here, Py is the total power demand for the starting
moment of the charge station, and f is the usage
frequency index of the vehicles. In this study, Pr was
considered constant. For the f; value, half of the
vehicles labeled as prosumer and consumer are set as
0.95 and the other halfis set as 1.05. The flow diagram
of the low-power application carried out in this study
is given in Figure 9.

The designed charging station was tested using 12V-
5ah 4 batteries, representing 2 manufacturer and 2
consumer labelled vehicles. The low power designed
charging station model with common DC busbar is
given in Figure 10.

Before the experimental study, the current load curve
obtained by scaling the 24 hours of real data at a ratio
of 1:16 was integrated into the software as array. The
study was carried out for total of 90 minutes,
considering the capacity of the batteries. The peak
time period was determined as 1900-3100 seconds
considering the load curve. The same scenario was
repeated for the case where all vehicle batteries were
charged with the nominal charging power and the
power changes were compared. The current change
obtained as a result of the controlled experimental
study is given in Figure 11 (a).

The %SOC changes obtained as a result of the
controlled operation are given in Figure 11 (b).
Accordingly, during the peak time interval, 2 vehicles
labeled as prosumers with fully charged batteries
provided energy to 2 vehicles labeled as consumers at
60% and 65% respectively.

Calculate error signals;

( starr )

v

Read;
Vlinavlin 00 -Vjin (Initial Voltage)
Calculate according to V;
SOCin,SOCsiy...SOCjin

v

Calculate: TE, Py, Tg

v

Calculate references;
PthrZ oo -Prj (ref.)
IrlaIrZ- . -Irj (ref.)

TReal time measures

Read
measures;
C1,C2...Cj
V1, V2...Vj

Figure 9. Power flow control flowchart
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The most critical issue here is that the instantaneous
production amount does not exceed the consumption
amount at any time. This was checked while
generating the references. In this way, the DC bus
voltage remained constant at 24 volts throughout the
run and operational stability was ensured.

Controlled and uncontrolled power variations,
standard deviation and mean are given in Figure 12
(a). Figure 12 (b) shows the amount of energy shifted
graphically. Accordingly, approximately 8.75 Wh
energy was shifted to the off-peak time interval. Figure
12 (c) shows the load graph of the EVs on the grid
within the peak hour interval in case of uncontrolled
charging. Figure 12 (d) shows the Z-score frequency
changes.
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When the graphs are analyzed, it is understood that
the power fluctuation increases even more in the case
of uncontrolled charging. In addition, the standard
deviation in the current load curve has also been
reduced. When Figure 12 (b) and Figure 12 (c) are
examined, it is understood that 54.16% of the EVs load
in the peak hour range is shifted to the off-peak
interval with the V2V topology.

When the graphs are analyzed, it is possible to flow
energy between vehicles with the DC bus charging
station infrastructure. This will enable the
development of algorithms that will contribute to
voltage and frequency stability on the main grid.
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Figure 12. (a) Instantaneous power changes (b) Variation of the shifted load (c) EVs load during peak hours in uncontrolled

operation (d) Z-Score frequency

5. Conclusions

In this paper, a low cost and high efficiency non-
isolated bidirectional 120W DC-DC converter is
designed and experimental results are presented. In
addition, a low power real charging station
architecture for V2V topology is presented for the first
time in this work. In addition, it is proved for the first
time in this study that the energy flow between
vehicles can be provided in a stable manner using V2V
topology. Thus, the real-world applicability of these
topologies is presented for the first time.

As a result of simulation and experimental analysis of
the designed DC-DC converter, it was revealed that it
operates with 95% efficiency. Thus, it has been
demonstrated that it is possible to produce technically
feasible and highly efficient charging units for DC
charging stations. However, the converter design
presented in this paper is low power and fluctuations
in output current variations are observed. For this
reason, isolated and high-power versions of the
designed converter can be used industrially.

In this sense, the high-efficiency bidirectional DC-DC
converter design presented in this study will be a
source of inspiration for future work.

With the low power application, it is understood that
the V2V topology can be implemented stably. In this
application, it is shown that 54.16% of the load of the
EVs in the peak time interval is shifted to the off-peak
interval by using the charge coordination strategy
based on the balancing principle. Considering that the
number of prosumer-consumer vehicles is equal in
this application, it is understood that this ratio will be
higher in case studies where the number of prosumers
is higher.

As a result, not only a highly efficient bidirectional
converter has been designed but also a real
implementation of the V2V topology has been realised
in a stable manner for the first time.

In future studies, new charge control algorithms can
be developed on different cases inspired by this study.
204
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However, the developed algorithms can be tested in
industrial areas.
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Anahtar Kelimeler
Cagdas miidahale,
Kervansaray,
Adaptasyon,
Restorasyon

Ozet: Tarihi gecmisi oldukca eskiye dayanan kervansaraylarin ipek Yolu'nun énem
kazandig1 donemde sayica artis gosterdigi goriliir. Sehirlesmenin artmasiyla
beraber kent merkezlerine uzak konumda kalan bu yapilarin yerini zamanla hanlar
almistir. Konaklama amaciyla insa edilmis kervansaray yapilari ayni zamanda
ticaret icin de kullanilmistir. Osmanli doéneminden sonra 6nem kaybeden
kervansaraylara gliniimiizde yeniden islev verilerek aktif kullaniminin saglanmasi
amaglanmistir. Calismaya konu olan bu yapilarin ¢agdas miidahalelerle onarim
gormis olanlar1 kapsami belirlemis ve s6z konusu kervansaraylarin adaptasyonlari
irdelenmistir. Yapilara ait literatiir taramasi Ulusal Tez Merkezi ve Google Scholar
sitelerinden yapilmis, Pinterest sitesinde de gorsel taramasi yapilmistir. Yapiya
uygulanan ¢agdas miidahale yontemleri ayristirilmis ve miidahale sonrasi yapinin
giincel durumu tespit edilmistir. Ozgiin mimari dili yakalamaya calisan onarim
tipleri ile estetik, statik vb. agidan yapinin ihtiya¢ duymasindan kaynakli ¢agdas
miidahale yontemlerinin tercih edilme sebepleri ortaya konulmaya ¢alisilarak, daha
saglikli onarim seklinin hangisi olduguna dair cevap aranmak istenmistir.

Contemporary Addition to Historic Building- Caravanserai Examples

Keywords
Contemporary addition,
Caravanserai,
Adaptation,

Restoration

Abstract: It is seen that caravanserais, which have a long history, increased in
number during the period when the Silk Road gained importance. With the increase
in urbanization, these buildings, which were located far from the city centers, were
replaced by inns over time. Caravanserai structures built for accommodation
purposes were also used for trade. It is aimed to ensure active use of the
caravanserais, which lost their importance after the Ottoman period, by giving them
a new function today. The scope of these structures, which were repaired with
contemporary interventions, was determined and the adaptations of the
caravanserais in question were examined. The literature review of the structures
was made on the National Thesis Center and Google Scholar sites, and visual
scanning was also made on the Pinterest site. Contemporary intervention methods
applied to the building were separated and the current status of the building after
the intervention was determined. By trying to reveal the reasons for choosing repair
types that try to capture the original architectural language and contemporary
intervention methods due to the needs of the building in terms of aesthetics, statics,
etc., it was aimed to find an answer as to which repair method is healthier.

1. Giris

Gegmis donemlerde ipek Yolu vasitasiyla kervansaray
yapimlarinin ve kullanimlarinin artmasi sonucunu

kullanimlar1 saglanmak istenmektedir. ipek Yolu'nun
aktif kullanildigtr doénemlerle o6nem arz eden
kervansaraylarin  6zgiin  kullamimlarma olanak
saglayabilmesi sebebiyle yapilarda iyilestirmeler

doguran bir doénem yasanmistir. Giliniimiizde ise
kervansaray kullaniminin azalmasi hatta yok olmasi
sonucunda  farkindalik  olusturarak  yeniden

* fIgili yazar: sahinesra.mim@gmail.com
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yapilmaktadir. Bu sebeple farkli nedenlerle farkh
restorasyon uygulamalar1 yapilmistir. Bunlardan biri
olan ¢agdas ek ya da ¢agdas miidahale yonteminin
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kervansaraylarda hangi kompozisyonda kullanildig:
irdelenmek istenmistir. Bu c¢alismada c¢agdas
miidahale uygulanmis olan yapilardaki neden/sonug
iliskisi incelenerek, calisma kapsami kervansaraylarla
sinirlandiriip uygulanan miidahaleler incelenmek
istenmistir.  Kervansaray yapilarinin  yeniden
kullanimlar1  dogrultusunda  uygulanmis olan
miidahalelerin hangi amag¢la ve hangi malzemeler
kullanilarak uygulandigi sorularina cevap aranmistir.

Bu calismada oncelikle kervansaray gibi kokli bir
tarihi degeri olan yapilarin korunmasi elzem
olmasindan ve yasatilmaya devam edilebilmesi icin
uygulanacak koruma ydntemlerinden bahsedilmistir.
Kervansaray  yapilarinin  tarihi ~ kronolojisine
deginilerek ne zamana kadar aktif kullanildiklar ve
hangi dénemden sonra unutulmaya yiiz tuttuguna
deginilmistir.  Yeniden kullanimlar1  planlanan
kervansaray  yapilart  uygulanmis = miidahale
yontemlerinden cagdas ek ya da ¢agdas miidahale
yontemi uygulananlar tasnif edilmistir. Bu amagla
calisma, farkli tarama yontemleriyle ulasilabilen tiim
kervansaraylar1 ele almaktadir. Cagdas midahale
uygulanmis kervansaray  yapilarina cagdas
miidahalenin hangi amacla yapildigi, hangi béliimde
uygulandigi, kullanilan malzeme tipi, kervansarayin
gliincel islevi gibi acilardan degerlendirilmek
istenmistir.

2. Materyal ve Metot

Calismaya konu olan kervansaraylar belirlenirken
farkhi kaynaklar kullanilmaya calisilmistir. Oncelikle
Google Scholar tlizerinde ve Ulusal Tez Merkezi'nde
arastirmalar yapilmis, daha sonra yeterli veriye
ulasilamadigi icin Pinterest internet sitesinde konuyla
en yakindan ilgili oldugu diisiiniilen baz1 kelimeler
taranmigtir. Oncelikle restorasyon kelimesi taranmus,
Ulusal Tez Merkezi'nde 3228, Google Scholar’da 1000
calismaya ulasilmistir. Google Scholar'da yapilan
kervansaray kelimesiyle 1000 veri ve caravanserai
kelimesi ile ilgili 1000 veri elde edilmistir. Bu
kelimelerle elde edilen g¢alismalar1 siniflandirmakta
giiclik yasandigi ve daraltmaya gidebilmek igin
calisma konusuyla yakindan iligkili kelimeler se¢ilmek
istenmistir. Bu sebeple “cagdas ek” ve “contemporary
annex” Kkelimeleri ayr1 ayr1 tarandiginda 1000’er
kelime elde edilmistir. Google Scholar’da yapilan
gelismis aramada ise” “kervansaray” ve “cagdas ek”
kelimeleri makalenin herhangi bir yerinde gegsin
secenegi secilerek taranmis 33 veri, “kervansaray” ve
“yeni ek” Kkelimeleriyle 48 veri elde edilmis,
“kervansaray” ve “cagdas miidahale” kelimeleri ile
veri elde edilememistir. Yine gelismis tarama ayni
sekilde “caravanserai” ve ‘“contemporary annex”
kelimeleri tarandiginda da 3 veri, “caravanserai” ve
“‘new annex” Kkelimeleri ile 4 veri elde edilmis,
“caravanserai” ve ‘“‘contemporary intervention”
kelimeleri ile veri elde edilememistir.

Ulusal Tez Merkezi'nde yapilan arastirmada “cagdas
ek” kelimesinde ve Mimarlik konusunda toplam 17
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veriye ulasilmis, “kervansaray” Kkelimesinde ve
Mimarlik konusunda 73 veri elde edilmis, gelismis
taramada ise aranacak alan bolimiinde tiimi, arama
tipi se¢ceneginde icinde ge¢sin secilerek “kervansaray”
ve “cagdas miidahale” kelimeleri ile yapilan herhangi
veri elde edilememis, “kervansaray” ve “yeni ek”
kelimeleri ile yapilan taramada 2 veri elde edilmistir.
Veri bulgusunu ¢ogaltmak icin Google web sitesinde
22.03.2023 tarihinde “kervansaray” ‘“cagdas ek”
kelimeleri gosterildigi sekilde taratildiginda 35 gorsel
ve 52 yazili veri elde edilmis, “kervansaray”, “cagdas
miidahale” taratildiginda 20 gorsel ve 121 yazili veri
elde edilmis, yazili verilerden ilk 40 adedi
degerlendirilmis ve kalan yazili verilerin konudan
bagimsizlastig1 gorilmiistiir. “kervansaray”, “yeni ek”
kelimeleri taratildifinda 51 gorsel ve 116 yazili veri
elde edilmis, yazili verilerden ilk 20 adedi
degerlendirmeye alinmis ve kalan yazili verilerin
benzer sekilde konudan bagimsizlastig1 gérilmustir.

18.01.2023 tarihinde Pinterest internet sitesinde
“kervansaray”, “caravanserai”’, “kervansaray c¢agdas
ek” ve “caravanserai contemporary annex” kelimeleri
taranmistir. Ortaya ¢ikan gorseller referans alinarak
elde edilen kervasaraylar Ulusal Tez Merkezi, Google
Scholar ve Google tarayicisinda taranmis daha sonra
arastirmaya konu olmus ya da arastirmaya dabhil

edilmemistir.

Calismada esas alinan kervansaraylar elde edilen
bulgulardan gorsel arastirmasi yapilarak secilmistir.
Gorsellerde cagdas uygulamalarin oldugu
gozlemlenen 11 kervansaray calismaya konu
olmustur.  Yapilara eklenen i¢c mekan tefrisleri
(tuvalet, lavabo vs.) arastirma kapsaminda
degerlendirilmemis, yap1 o6gesi olan ekler dikkate
alinmistir.

3. Tarihi Yapiy1 Koruma

19. yy. 'da gelismeye baslamis olan koruma kavrami
hem tekil olarak yapiy1 hem de yapiyla iliskili yakin
cevresini ele alarak 6zgiinliigii ve biitlinliigi ele alan
bir kavram olarak Avrupa’da ortaya ¢ikmistir. Bir
anitin yap1 biitiinligliniin korunmasi, 6zglinliigiini
stirdiirebilmesi, bakimi, en az sekilde miidahaleyle
yapilacak olan onarimi iizerine belgelenerek kayitlara
gecme islemi koruma kavraminin igerigini yansitan
durumlardir [1]. Kiltir varliklarinin korunmasina
yonelik ilk diizenlemeler, yapilarin zarar gérmesine
sebep olan savas ya da saldirilarla kiiltir varliklarina

zarar gelmesinden kaynakhidir. 1907 yilinda
imzalanan Lahey So6zlesmesi’'nin 27. Maddesinde
savasta ve bombardimanda sanat alanina,

hayirseverlige ayrilmis yapilara, saglik yapilarina, dini
ve egitim verilen yapilara, tarihi degeri olan eserlere
saldir1 yapilmasi yasaklanmistir [2]. Buradaki koruma
maksadi sivil yapilarin korunmasi amaciyla benzer
ozellikler gosterir. II. Diinya Savasi’'nin bitmesiyle
1950 yilindan sonrasinda bu koruma kavrami sadece
sanatsal ve bilimsel nitelikli yapilarla sinirli kalmamis,
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insanligin ortak mirasi olan tiim yapilar1 kapsayacak
sekilde bir anlayisin gelismesini amaglanmistir [3].
Yapiy1 koruma kavramini destekleyen bir durum olan
onarim, restorasyonun yapi tasi denebilir. Tarihi
yapiy1 6zgiin olarak kalmasi adina yapilan biitiinleme,
yenileme, saglamlastirma, giiclendirme gibi yontemler
restorasyon yontemlerinden bazilaridir. Yapinin zarar
gormesi, yapisal bozulmalari, onarimi ve iyilestirmeye
dayali yapilan islemler yapisal miidahale olarak
adlandirilabilir [1]. Uzun siire yasayabilen yapilarda
kullanilan malzemenin, bulundugu bélgenin iklimine,
yapinin fonksiyonuna vs. gibi faktorler géz oniinde
bulundurularak secilmesi ve bu malzemelerin
birbiriyle uyum ve biitiinliigli 6nem arz etmektedir.
Yapinin  islerligini devam  ettirebilmesi igin
restorasyon (onarim) ve konservasyon (koruma)
uygulamalarinda kullanilacak olan malzeme secilirken
yapinin tarihini ve estetik degerini arastirmanin yani
sira arkeometrik arastirmalarinin da yapilmasi
gerekmektedir [4]. Tarihi yapilara daha genis
cercevede bakilacak olursa arkeolojik alanlarin da
yasatilmaya devam etmesi amaglanmaktadir. Kazi
calismalar1 sonrasinda ayakta kalabilmis antik
bolgelerin onarimlar ve bazi eklerle ayakta kaldigi
gozlenmektedir [5].

Bahsedilen tarihi yapilardan biri olan kervansaraylar
bir dénem ¢ok sik kullanilmaktayken zamanla ticaret
yollarinin degismesi sonrasi 6nemini kaybetmistir. Bu
durumun sonucu olarak kervansaray yapilarindan
bazilar1 metruk duruma diismiis, bazilariysa farkl
islevlerde kullanilmaya baslanmistir. Giliniimiizde
koruma kavraminin kervansaray yapilarina da sirayet
ettigini soyleyebilecek bazi gelismeler olmustur (Sekil
1). Ozgiin tasarimina ve malzemesine uygun olarak
restore edilen kervansaraylar varken ¢agdas malzeme
eklentileriyle  yeniden  kullannmi  amaglanan
restorasyon uygulamalari da mevcuttur.

Kervansaraylarin ortaya ¢ikisi ve devaminda gelisimi,
kullanimlarinin  durmasi, yeniden kullaniminin
amaclanmas1 sonrasi restorasyona varan siiregleri
asagidaki basliklarda yer almaktadir. Daha sonra
¢agdas uygulama oOrnegi olarak nitelendirilen
kervansaraylarda ¢agdas ek orneklerinin irdelendigi
ornekler elde edilen bulgulardir.

4. Kervansaray Kronolojisi

M.0.5. yiizyilda yasamis Herodot’'un Tarih adli eseri
5.kitabinda Susa’dan baslayan ve Sardis lizerinden
devam ederek Efes’e ulasan Kral Yolu iizerinde 30-40
km. araliklarla dinlenme ve barinma yerlerinin var
olusundan bahseder. Bu yapilar i¢in Herodot,
hirsizlardan ve egkiya saldirisindan korunmak
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amaciyla yiiksek duvarlarla gevrildigini ve askerler
tarafindan korundugunu belirtmistir. Bu yapilarin
ayni zamanda diizenli posta hizmeti bulunmaktadir.
Tarihei, Kral Cyrus’'un Suriye’de benzer yapilar insa
ettirdigini de belirtmistir. Kervansaray yapilari sadece
Dogu’ya 6zgii olmamakla beraber batida da gozlendigi
¢ikarimi  yapilabilmektedir [6]. Orta Cag'da
kervansarayin ortaya ¢ikmasinin sebebi, ticaret
yollarinda tiiccarlarin, kervanlarin ve alicilarin
dinlenebilmesi i¢in oldugu bilinmektedir. Konaklama
islevi icin insa edilen binalar olan kervansaraylarin
temelleri Orta Cag’da atilmis, iran’da devam etmis ve
Anadolu Selguklular1 doéneminde o©nemi artarak
gelismistir [7]. Kervansaraylar onceleri ribat olarak
adlandirilan, daha ¢ok askerleri barindirmak, atlarini
baglamak icin kullanacaklar1 yapilar olarak insa
edilmistir. Ribatlar cihat i¢in hazir bulundurulan
askeri karargahin nébet tuttuklari yerlerdir. Daha
sonralar1 bu yapilar askeri amagla kullanilan
Maveratnnehir’deki ticaret glizergahlar: iizerindeki
menzillerin ve Tirkistan’da koruyucu duvarla izole
edilmis ciftliklerin yakinlarina insa edilmislerdir. Bu
bolgelerdeki ribatlar takribi IX. yy. sonlarina dogru
askeri islevini kaybedip dini ve tasavvufi kimlige
dontismeye ve tekke ve zaviye olarak islev gormeye
baslamistir. Tiirklere ait en erken kervansaray Gazneli
Mahmut'un emriyle Serahs yolu tizerinde insa edilmis
olan Ribat-1 Mahi/ Ribat-1 Cahre’dir (410/1019). Daha
sonralar1 Biiyiik Selcuklular déneminde de iran’da
kervansaray tipolojisinde ribatlar insa edilmistir [8].
Araplarin insa ettigi ribatlar daha ¢ok askeri amagla,
sinirlart1  koruyan Kkisilerin barinmasi amaciyla
kullanilmistir. Tlrklerin insa ettigi ribatlar ise ticaret
yollarim1  kullanan kervanlarin  barinmasi ve
kervanlarin giivenliginin saglanmasi i¢in kullanilan
yerlerdir [9]. Biiylik Selcuklular ticaret yollarinin
o6nemini kavramis ve bu sebeple Kkervansaray
yapimina Onem vermistir. Bununla birlikte bu
donemde ticari ve iktisadi yasamin varligin
desteklemistir [10]. B. Selguklularda vezir olan
Nizadmilmiilk, kervansaray insasini destekleyen bir
gorls olarak koprii yapmak, kanal agmak, giivenligi
saglayan kaleler insa etmek, medrese yapmak, kdyleri
imar etmek ve kervansaray insa etmek gibi calismalari
Selguklu sultaninin gérevi olarak gérmektedir [11]. B.
Selguklulardan sonra Anadolu’da hiikkiim siirmiis
devlet olan Anadolu Selcuklular, Anadolu’da
(kayitlarina ulasilabilen) ilk kervansarayr insa
etmislerdir. Kitabesi bulunmadigindan kesin verilere
ulasilamasa da Sultan II. Kilicarslan déneminde insa
edildigi yazmaktadir. Bu kervansaray Aksaray il
sinirlar1 i¢cinde bulunan Alay Han’dir [12]. Sekil 1'de
kervansaray kronolojisi gosterilmistir.
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Keransaraylarin insa edildigi giizergahlar olan ve
diinyadaki 6nemli ticaret yollar1 olarak bahsedilen
Ipek ve Baharat Yollari'nin tarihlendirilmesi ¢ok eski
zamanlara dayanmaktadir. ipek Yolu M.O. IIL yy.
Romalilar tarafindan ipek ithalati yapilarak
kullanilmaya baslanmis ve stliregelmistir. Bu yol
tizerinde XI. ylizyila kadar Bizanslilar, sonra Tiirkler
tarafindan hakimiyet kurulmustur. Daha sonra
Selguklular ardindan Osmanlilar yola hakim
olmuslardir. 16. yiizyila kadar aktif olarak kullanilan
yol hem kervansaray ve han yapiminda hem de
verilen en st diizey hizmetler sunma 6zelliklerini
surdirmustiir. Kervansaraylar ayni zamanda
Mogollar tarafindan da insa edilmis, Mogollar da
Cin’i 6rnek almistir [13]. Osmanli déneminde ticaret
yollar1 daha diizenli ve toplu bir sekle ddoniismiis,
giivenlik saglanmis, deniz gilizergahi eskiye oranla
artmis, yeni ticaret rotalari olusmus, eski yollar ise
6nemini kaybetmeye baslamistir. Bu nedenle
Osmanli déneminde insa edilen kervansaraylar
Selcukluya orana sayica azalmis ve daha ¢ok kitalar
arasl ticaretten ziyade iilke icinde ticaret icin
kullanilmistir. Kentler arasinda durak olmaktan ¢ok
kent icinde insa edilerek Selcuklular dénemindeki
kervansaraylardan farklilagsmistir [14]. Osmanlida
yeni olusan yollar olarak Rumeli’'ye uzanan ve
Anadolu topraklarindaki sag, sol ve orta kol
bulunmaktadir. Bu giizergahlar tizerinde 3 saatten
18 saate kadar degisen yol boyunca kervansaraylar

insa edilmis, ticaret vasfindan farkli olarak
haberlesme, konaklama amaglariyla da
kullanilmiglardir. Ayni zamanda savas Oncesi

ordunun konaklamasi i¢in kullanilmis, giyecek,
yiyecek ve diger tiim ihtiyaclarin karsilanabilecegi
mekanlar olmuslardir. Benzer sekilde elciler,
seyyahlar da konaklamis, kervansaraylar islev olarak
bu doénemde c¢esitlenmistir [15]. Osmanli’da kent
icinde inga edilmeye baslayan hanlar,
kervansaraylara gore daha gelismis yapilardir. iki
katl olarak insa edilen hanlarin, zemin katinda ahur,
depo, tamirhane islevli mekanlar olusmus, tist kat
konaklama alani olarak ayrilmistir. Avluya agilan
mekanlarin bu cephesinde revakli bir galeri
bulunmaktadir [13]. Hanlar Kkervansaraylardan
esinlenerek yapilmis olmasina karsin Kkale

A4

Kervansaray Kullaniminin

Azalmasi

19.yy da Tanzimattan sonra
kervansaray yapimidurmus,
gehir igi hanlann yapimina
agirlik verilmigtir
(Karacan vd., 2016: 19).

210

Gazneliler Dénemi'nde
insa edilen Ribat-1 Mahi
en erken Tirk
kervansaray) kabul edilir
(Yigit, 2012: 78)

goriiniimiine sahip degillerdir. Avludan bakildiginda
kervansaraylarla benzese de cepheden bakildiginda
hanlar ev  gorinimiindedir. = Kervansaraylar
genellikle tek kapilidir. Devlet tarafindan ya da hayir
icin yaptirildiklarindan plan tipleri hanlara gore
daha az gelismistir [16]. 18.yy. da kervansaray i¢in
biitce ayiran vakiflar ekonomik olarak zayiflamis,
19.yy. da Tanzimat'tan sonra kervansaray yapimi
terk edilmistir. Bu durumun sonucu olarak sehir
hanlar1  olusmaya baslamis, kervansaraylarin
Onemini yitirmesiyle konaklama tesisi olarak sadece
hanlar insa edilmeye baslanmistir [13]. Bu durumda
han ve kervansaray arasindaki kavram karmasasini
onlemek adina bir ayrima gitmek dogru bir yaklasim
olacaktir. islev olarak birbirine benzer olsalar da bu
iki yap1 tiriiniin farkli amaglar icin kullanildig
durumlar vardir. Bu farkhliklar su sekilde
ozetlenebilir [7]:

= Kervansaray devlet tarafindan finanse
edilirken hanlar 6zel sahis ya da vakiflar
tarafindan finanse edilir.

= Hanlar sehir merkezinde kurulurken
kervansaraylar daha ¢ok sehirlerarasinda
bulunmaktadir.

= Kervansaraylarda binek hayvanlarina 6nem
verilmekte, en az yolcular kadar 6zene sahip
olmaktadir. Hanlarda ise birincil islev
kervanlari misafir etmek olmadigi icin binek
hayvanlar1 arka planda kalmakta, bazen
bodrum katta ahirlar tasarlanabilmektedir.

» Kervansaraylarin askeri amagla kullanim

durumlar1 mevcutken hanlar sadece
konaklama ve ticaret amaciyla
kullanilmistir.

Kervansaraylarin 19.yy. da insasinin durmasinin
ardindan, yeniden kullanilmaya baslanmasinin
tesviki icin Vakiflar Genel Midiirliigi ve Kiiltiir ve
Turizm Bakanlig1 arasinda 1993 yilinda bir protokol
imzalanmustir. ‘ipek Yolu Projesi’ olarak adlandirilan
bu anlagsmada Ipek Yolu’nun yeniden canlandirilarak
kullanilmas1 hedeflenmistir. Bu amagla ilk asamada
11 kervansaray secilerek restore et- islet- devret
yontemiyle  Kervansaraylarin = restorasyonunu
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gerceklestirmek ve yeniden islevlendirerek turizm
amacl kullanilmalar1 amaglanmistir [17]. Segilen
kervansaraylara ‘Mola Noktas1’ fonksiyonu verilmis
olup bu kervansaraylar; Sultan Han (Aksaray), Sari
Han (Nevsehir), Sarapsa Han (Antalya), Ak Han
(Denizli), Agzikara Han (Aksaray), Alara Han
(Antalya), Silahtar Mustafa Pasa Kervansarayi
(Malatya), Cardak Han (Denizli), Susuz Han
(Burdur), Incir Han (Burdur) ve Alay Han
(Aksaray)’dir. Orta Asya’daki Tiirk boylarinin gécebe
yasam biciminden esinlenen Anadolu Selguklular,
kiilttrlerini ve mimarisini yansitan kevansaraylar ve
hanlar insa etmis, Anadolu mimarisini de
etkilemistir. Anadolu’da yer alan bu kervansaray
gluzergahlarindan Denizli - Dogubayazit
Kervansaraylar1 2000 yilinda UNESCO gecici diinya
miras1 listesine eklenmistir. Ipek  Yolu’nun
canlandirilmast igin yapilan bu ¢alismalarin hiz
kazandig1 stirece Vakiflar Genel Midirligi 2006
yilinda vakif tasinmaz kiltiir varliklarinin
korunmasina ayrilan ve en yiiksek seviyeye ulasan
pay ile dahil olmustur. Kervansaray miilkiyetleri
Vakiflar Genel Midirligi’'nde bulunmasi sebebiyle
2003 - 2006 yillarinda biitgenin kiiltiir varliklarinin
onarimina ayrilmasinda artis gosteren bir grafik
olmasi kervansaray onarimlarinin da artmasi
anlamina gelebilmektedir [18]. 2000 yi1linda Anadolu
topraklarindaki Ipek Yolu'nun bir béliimiiniin
UNESCO aday listesine eklenmesinin ardindan 2014
yilinda Tian-Shan Koridoru olarak adlandirilan Cin,
Kazakistan ve Kizgizistan1 icine alan glizergah
UNESCO Diinya Miras Listesi'ne eklenmistir.
Farkindalik olusturarak ipek Yolu'nun yeniden ticari
olarak canlanmasini ve bu sebeple ipek Yolu
lizerinde yer alan Kkervansaraylarin yeniden
islevlendirilmesini amaclayan projeler sonucunda
miras listesine alinan bu giizergahta ayn1 zamanda
cesitli sebepler de etki etmistir. Cok cesitli kiiltiirel
miraslar, birden fazla kiltiire ev sahipligi, farkl
cografyalar1 etkilemesi, kiiltiirler aras1 iligki
kurulmasi gibi kriterleri tasiyor olmasi bu listede
olmasinin sebeplerindendir. Koridor iizerinde yer
alan 33 farkli sitten bazilar;; Budist tapinaklari,
mezarlar, antik patikalar, gecitler, Cin Seddi
boliimleri, postane, hanliklar, baskentler, dini
yapilar, isaret Kkuleleri, surlar ve ticaret yapilan
mekanlardan olusmaktadir [19]. Ticaret yapilan
mekanlardan biri olan kervansaraylarda konaklama
ihtivac1 da karsilanmakta oldugunda, konaklama
mekanlari olarak gosterilebilirler.

5. Miidahale Yontemleri

Restorasyon silireci yapiyr 06zglin  degeriyle
yasatmay, estetik ve tarihi degerini korumay1 esas
alan bir uygulamadir. Bu amacla yapiya ait tarihi
belgelere ve yapida kullanilan orijinal malzemelere
saygl duymak esastir. Oncelikli amag yapinin diizenli
bakimlarinin  yapilarak  yasatilmaya  devam
etmesidir. Periyodik olarak bakimlar1 yapilirsa
yiksek maliyetlerle yapilan onarimlara ihtiyag
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duyulmayacaktir. Yapi, dogal afet gibi sebeplerle
zarar gorecek olursa da kapsamli miidahale
yapilmalidir [5]. Restorasyon eylemi yapinin
ulasilabilen en 6zgiin kimligini bilimsel ve teknik
yontemlerle korumak ve yasatmaya devam etmek
icin yapilan miidahalelerin tiimiidiir. Basit onarim
ise bozularak ve c¢liriiyerek eksilen mimari 6gelerin
ayni malzeme kullanilarak miidahale edilmesidir
[20]. Restorasyon yontemleri Ahunbay’a gore [5] 8
baslikta incelenir. Saglamlastirma yontemi; yapi
biitiinliigii zarar gérmeden uygulanir. Zarar gérmeye
basladiysa giliclendirme yapilir [1]. Biitiinleme
yontemi; (reintegrasyon) yapinin restitiie edilmis
halinde mevcut bulunan, sonraki siirecte malzeme
kaybina ugrayip geleneksel ya da cagdas malzemeler
kullanilarak yapr biitlinligiiniin  korunmasina
yonelik bir c¢alismadir [5]. Tasima yontemi; iyi
planlama, yeterli iscilik ve gerekli belgeleme
yontemlerinin tam olmasiyla tarihi bir yapinin
mevcut konumundan farkli bir yere tasinmasi
islemidir [1]. Temizleme Yontemi; diger yontemlere
gore daha basit bir uygulama olan bu yéntemle amag,
yap1 elemanlarinin mekanik ve kimyasal yontemlerle
onarimi ve bakiminin yapilmasidir.  Yenileme
yontemi; Tarihi yapilarin 6zgiin islevleri degisen
zaman ve yasam bicimiyle birlikte kullanilamaz
duruma gelebilmektedir. Bu sebeple yapilarin bazi
onarimlardan gecerek yeni islevine uyum saglamasi
icin yapilan islemlerin biitiinii yenileme islemidir [5].
Arkeolojik restorasyon; doga ve insan etkilerine
karsi korunmak istenen arkeolojik alanlarda yapilan
islemler; saglamlagtirma, {ist ortiiyle koruma,
biitiinleme (anastylosis) seklindedir [5]. Yeniden
yapim  yontemi; (rekonstriiksiyon)  zorunlu
kalinmadig1 siire tercih edilmemesi gereken bir
yontemdir. Yap1 6lgeginde uygulanmasi yerinde bir
islem olacaktir. Onarim ile arasinda kesin bir ¢izgi
vardir [1]. Son olarak degerlendirilecek restorasyon
yontemi cagdas ektir.

6. Cagdas Ek

Yenileme isleminde s6z edilen konu ¢agdas ekin yap1
tasini olusturmaktadir. Farkli niteliklerde insa edilen
yapilarin glinimiizde 6zgiin islevinin kullanim
stirdiiriilememektedir. Ornegin; kervansaray olarak
insa edilmis bir yapinin islerligi degisen zamanla
kaybolmustur.  Otel, miize vb. yapilarina
dontstiirilmesiyle kullanimi olanakli hale gelebilen
bu yapilarda ¢agdas miidahaleler gerekebilmektedir.
Miizeye doniistiiriilecek bir yapiya bekgi kuliibesi,
tuvalet, ikram boliimii i¢cin mekan gibi eklere ihtiyac
duyulmas1 halinde ¢agdas eke basvurulabilir. Bu
ekler yapiyla uyumlu ve az dikkat ¢eken tasarimlar
olmaldir. Bu gereklilikler — goz ontinde
bulunduruldugunda yapilan miidahale basarili
olabilmektedir. Verilecek islevin gerekli dl¢titlerini
tasilyamayacak olan yapilar bu yilikiin altinda
kalabilmektedir [5]. Farkli bir ihtiya¢ sebebiyle,
yapinin 6zgiin haline ulagsmasi miimkin degilse, yani
yapiy1 restitiie etmek icin yeterli veri bulunmuyorsa
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bu durumda da c¢agdas ek uygulanabilir. Bu
ihtiyaclarin konu bashigi oldugu “Yapiya neden
cagdas ek eklenir?” sorusuna cevap olarak alt
basliklarda degerlendirilmistir.

Cagdas miidahale kavramiyla ilgili literatiire ge¢mis
bazi tanimlamalar ise Tablo 1'de gdsterilmistir:

Tablo 1. Ulusal ve Uluslararas1 sozlesmeler, ilkeler,
onetmelikler vd.

Venedik Tiiziigi (1964) [21]

Madde 12- Eksik kisimlar tamamlanirken, biitiinle
uyumlu bir sekilde bagdastirlmahdir; fakat bu
onarimin, ayn1 zamanda sanatsal ve tarihi tanikligi
yanlis bir bicimde yansitmamasi i¢in, 6zgiinden ayirt
edilebilecek bir sekilde yapilmasi gereklidir.

Madde 13- Eklemelere, ancak yapmin ilgi c¢ekici
boliimlerine, geleneksel konumuna, kompozisyonuna,
dengesine ve c¢evresiyle olan bagintisina zarar
gelmedigi durumlarda izin verilebilir

Atina Tiiziigii- Carta del Restauro [21]

Madde 7- Eger bir aniti saglamlastirmak, kismi veya tam
olarak biitiinlemek amaciyla ya da yeniden kullanim
nedeniyle ekler yapilmasi gerekirse, uyulmasi gereken
temel kosul yeni 6gelerin en azda tutulmalari, yalin ve
yapisal diizeni yansitir karakterde olmalaridir. Benzer
tislupta bir ek ancak yapinin mevcut ¢izgilerini devam
ettirmek ve bezemeden arinmis geometrik anlatimlar
s6z konusu oldugunda kabul edilebilir.

ICOMOS Geleneksel Mimari Miras Tiizugi (1999) [21]
Koruma Ilkeleri: 2. Geleneksel yapilara, yapi
guruplarina ve yerlesmelere yapilacak c¢agdas
miidahaleler onlarin kiiltiirel degerlerine ve geleneksel
karakterlerine saygi gostermelidir.

Amsterdam Bildirgesi, 1975 [21]

k. Bugiiniin yeni yapilar1 yarinin mirasi olacagindan,
cagdas mimarhiga yiiksek kaliteli olmasi i¢in her tiirli
caba gosterilmelidir.

05.11.1999 tarih ve 660 sayilh Tasinmaz Kiiltir
Varliklarinin Gruplandirilmasi, Bakim ve Onarimlari
flke Karari [20]

Yeni islev verilecek yapilarda yapilacak eklerin, niteligi
ve korunmasi gerekli kiiltiir varligiyla biitiinlesmesi,
tasarimi yapan mimar tarafindan gerektiginde avan
proje niteliginde hazirlanarak, koruma kurulunun
goriisiine sunulacagina karar verildi.

6.1. islevinden kaynakl ihtiya¢ olmasi

Tarihi yapilarn restore ederken modern déneme
uyum saglama ¢abasiyla ¢agdas miidahaleler
uygulanabilmektedir. Yapiya uygulanan c¢agdas
eklerin “neden?” ve ‘“nasil?” cevaplar1 arandiginda
elde edilen sonuglar asagida basliklar seklinde
verilmistir. Yapinin bir bolimiinde yap1 malzemesi
kayb1 oldugu zaman, yeni islevinin dogurdugu
ihtiyaclardan dolayi, yapinin restitiie edilmesi i¢in
yeterli veriye sahip olunmadiginda, kent siliietini
olusturan 6nemli bir 6ge olmasi ya da tarihi bir olaya
taniklik etmis olmasindan kaynakli rekonstriiksiyon
yapilmasi gerektiginde, son olarak da teknolojik
verilerin kullanilmasiyla ¢agdas sunum teknigi ile
birlikte yapinin 6zgiin halini yansitan gorseller
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yardimiyla ¢cagdas miidahaleler yapildigi sonuglarina
varimistir.

6.1.1. Yapmin parg¢acil biitiinleme ydntemiyle
yenilenmesi

Yap1 biitiinligiinii koruyamamis tarihi yapilarda
yapt elemanlarinda eksilmelerin olusmasiyla
restorasyon ihtiyaci dogmaktadir. Bu restorasyon
islemi yapinin ihtiyacina goére uygulanmaktadir.
Restorasyon tiirlerinden biri olan biitiinleme islemi
tarihi yapiya uygulanirken 6zgiin malzemeden farkh
oldugu belirgin olan baska malzemeler kullanilmaya
calisilmaktadir. Calismaya konu olan
kervansaraylardan Sekil 4'te yer alan Edirne
Ekmekcizade @ Ahmet Pasa Kervansarayi'nda
catisindaki malzeme eksilmesinden kaynakli olusan
biitiinleme ihtiyaci cagdas eklerle giderilmistir (Sekil
4). Aliminyum striiktiir ve cam malzemeden olusan
orti ile cati biitiinlemesi yapilmistir. Catinin biiyiik
oranda striiktiiri ahsap karkas sistem olan ve
kursunla kapl 6zgiin hali korunabilmis, malzeme
kaybina ugrayan uc¢ kisim c¢agdas miidahaleyle
biitiinleme islemi gérmiistiir. Benzer bir uygulama
Konya’'da bulunan Zazadin Han’da da
gorilebilmektedir (Sekil 7). Kubbesi restore edilen
kervansarayin c¢evresi polikarbon malzemeyle
ortiilmustiir. Yapilan kazilarda sekizgen prizmal
kosegen olan ortiiniin 6zgliin konumunda bulunan
kose taslar1 1996 yilinda ortaya ¢ikarilmistir [23].

6.1.2. Yeni eleman eklenmesi

Restore edilerek yeniden kullanima acilan tarihi
yapilar orijinal islevinden farkli islevlere sahip
olabilmektedir. Bu sebeple dogan mimari ihtiya¢lar
yapiya uygulanan eklerle giderilebilmektedir. Bu
duruma 6rnek olarak Izmir/Cesme’de yer alan
Kanuni Kervansarayi otel olarak kullanilmaktadir ve
bu kullanim giiniimiiz sartlarinda ihtiya¢ oldugu
diisiintilen baz sirkiilasyon elemanlar1 eklenme
ihtiyaci dogurmustur. Sonradan eklenmis olan
asansor ve merdiven yapi elemanlarinin yani sira
avluya havuz eklemesi de yapilmistir. Sekil 6’da yer
alan Aydin Okiiz Mehmet Pasa Kervansarayr'nda
izdisiimi avluya diisen alana glines kiricilar
eklenmistir. Boylelikle yar1 acik mekan olan
revaklarda oturma alani olusmasi i¢in imkan
sunmustur. Benzer bir durum iran’da bulunan Zein-
o-din  Kervansarayi’nda da  goriilmektedir.
Gaziantep’te yer alan Hisvahan’'da asma germe
membran sistemiyle avluya golge saglayan oturma
alanlar olusturulmustur. Kastamonu’'da yer alan
Kursunluhan ve Azerbaycan’da yer alan Kasim Bey
Kervansarayi'nda avluya restoran islevi
verilmesinden kaynakli ¢cati ortiisii eklenerek giines
1sinlarimi direkt almaktan korunmak istenmistir.

6.2. Yapiy1 restitiie etmek icin yeterli veriye
sahip olunmamasi
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Baz1 tarihi yapilar1 korumak ve giindelik yasama
dahil etmek istegiyle restorasyon planlamalari
yapilmaktadir. Ancak bu durum, oldukga fazla harap
olmus bazi yapilar bazinda ele alindiginda restore
etmek icin yeterli veri (fotograf vs.) olmadigindan ve
restitlisyon projesinin bulunmamas1 sebebiyle
restorasyon islemi gercgeklestirilememistir. Bu
duruma o6rnek olusturabilecek olan Sekil 3’teki
Golciik ilgesinde yer alan Kazikli Kervansarayinin
kabugu  korunmus ve  disaridan  yapilan
eklemlemeyle {istii 6rtii ve ahsap + gelik striiktiir
eklenmistir. Yapiin tarihi degerinin korunmasi
gerektigi ancak restitiie etmek icin yeterli veriye
sahip olunmadiginda uygulanabilecek yontemlerden
biri olan bu islemde kervansarayin yaklasik 2 m. i¢
kismindan baslayan striiktiir yiikselmistir.

6.3. Rekonstriiksiyon yapilmasi

Yeniden yapma olarak da bilinen rekonstriiksiyon
pek tercih edilmeyen bir yontemdir. Bulundugu
cevrede 6nemli bir tarihi 6ge olan ya da tarihi bir
olaya taniklik etmis olan yapilar yeterli doneye
sahipse rekonstriiksiyon yoluna gidilir. Calismaya
konu olan yapilardan rekonstriiksiyon yapilmis bir
ornek olmasa da, Kocaeli'de yer alan Kazikl
Kervansarayinin kentte yer alan en eski tarihi
yapilardan biri olmasi sebebiyle simge yap1 oldugu
soylenebilir (Sekil 3). Ancak rekonstriiksiyon i¢in
yeterli veri bulunmadigindan kervansaray cagdas
miidahaleyle restore edilmistir.

6.4. Cagdas sunum teknikleriyle miidahalesi

Kent siluetinin olusmasinda 6nemli bir yeri olan bazi
yapilar vardir. Ancak bu yapilan restore etmek,
0zgiin hali kadar etki yaratmayacak durumda
olabilmektedir. Ornegin yedi Diinya Harikasindan
biri olan Halikarnas Mozolesi ge¢miste bulundugu
konumuyla Bodrum’un siliietini ©6nemli o6l¢iide
etkilemektedir. Ancak kalintilarin biiytik bir bolimii
British Museum’da yer almaktadir ve replikasi da
yapilmamistir. Bu yapinin rekonstriiksiyonunun
yapilmasindansa Sekil 2’de gosterildigi gibi restitiie
edilebilecek kadarini, bulundugu konum ve
Olciilerde giin 15181 almayacak ortamda 151k ve
golgelerle resmetmek suretiyle ¢agdas sunum
teknigi vasitasiyla yapiyr yasatmaya devam
edilmesinde yardimci olacaktir. Benzer ornekleri
Augustus Forumu, Sezar Formu ve Kolezyum'da
gorilebilmektedir [26].

Sekil 2. Cagdas reintegrasyon [27]
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7. Bulgular

Cagdas yontemle restore edilen cesitli kervansaray
yapilar1 materyal ve metot basliginda bahsedilen
sekilde taranmis ve ¢alismaya konu olmustur.
Yapilan arastirma sonucunda elde edilen 11
kervansaray Tablo 2’de uygulanan miidahale yerleri,
kullanilan malzeme, giincel islevi gibi basliklar
altinda incelenmistir.

7.1. Kazikl Kervansarayi- Kocaeli

16. ylizyila tarihlendirilen kervansaray Kocaeli ili,
Golciik ilcesinde bulunmaktadir. Osmanh
doneminde cihatlar i¢in  kullanilmis  olan
kervansaray Kanuni déneminde insa edilmistir.
Kazikli olarak isimlendirilmesinin sebebi
seyahatnameler, haritalar ve minyatiirlerde Kaziklu
Derbendi olarak gecen yapinin bulundugu mevkiden
kaynakli oldugu diisiinilebilir [28]. Yapinin
restorasyonu yapilmadan 6nce elde edilen veriler
yetersiz kalmistir. 2008-2010 senelerin arasinda
yapt kalintilar1 korunmus, yapiya zarar vermeden
yeni bir ek yapilmas1 uygun goérilmistir (Sekil 3).
Yapinin mevcut ayakta kalabilen duvarlarin ig
kismindan 2,5 metre uzaklikta yeni bir striiktiir
olusturulmustur [29]. Fuaye, ¢ok amagli salon
mekanlarinin  bulundugu kervansaray kiiltiir

merkezi (sosyal alan) olarak restore edilmistir.
restore

Ahsap ve c¢elik striiktiirle
kervansarayin iist ortiisii ahsaptir.

edilmis

7.2. Ekmekcizade Ahmet Pasa Kervansarayi-
Edirne

Kervansaray Edirne ilinde Aysekadin mahallesinde
bulunmaktadir. Bulundugu mevkiiden dolay:
Aysekadin Kervansarayr olarak da anilmaktadir.
Ekmekg¢izade Kervansaraylr Ahmet Pasa tarafindan
1609 yilinda yaptiritlip Sultan 1. Ahmet’'e armagan
edilmistir. Dénemin iinlii mimar1 Sedefkar Mehmet
Aga ve mimar Haci Saban Aga tarafindan tasarlanan
kervansaray Edirne- Istanbul yolu iizerinde yer alir.
Ticaret kervanlarinin da ii¢ giin konaklayabildigi
Anadolu’daki en biiyiik Kkervansaraydir [30].
Irrasyonel bir forma sahip olan bu kervansarayin
giris kapisinin saginda imaret ve tabhane oldugu
diisiintilen mekanlar vardir. Ayni zamanda giris ii¢
tarafi revakl bir avluya acilir. Giris b6liimiiniin tam
karsisinda giivercinlik olarak adlandirilan yari agik,
catis1 daha sonraki zamanlarda yok olmus bir
mekana gegilir (Sekil 4). Kursun ortili olarak
kayitlara gecen kapali kisimlar daha sonra onarim



E. SAHIN ERTOY vd. / Tarihi Yapiya Gagdas Ek Miidahalesi-Kervansaray Ornekleri

gormiistiir [31]. Karma tipteki bu kervansaray
Vakiflar ~ Midirligi’'niin -~ miilkiyetinde  olup,
giiniimiizde sehir tiyatrosu ve sergi alani olarak islev
gormektedir. Aliminyum striiktiir malzemesiyle
cam kaplama malzemesi kullanilarak zarar gérmiis
catis1 onarilmistir.

Sekil 4. Edirne Ekmek¢izade Ahmet Pasa kervansarayi
[22]

7.3. Kanuni Kervansarayi-izmir

izmir kentini Cesme ilcesinde, deniz kiyisina yakin
konumlanmis olan Kkervansaray kitabesine gore
1528 yilinda Kanuni Sultan Siileyman tarafindan
yaptirilmistir. Yapi kare planli olup 18,40 x 18,60 m.
Olciilerinde avluya sahiptir. Kervansaraya giineybati
cephesinden yapiin disina tasan bir eyvanla
girilmekte ve iki sira revaklarla cevrili avluya
ulasilmaktadir. Kitabesi eyvanin  lzerinde
bulunmaktadir. Revakli béliimlerden geriye kalan
alanlarda ahir ve merdiven bulunmaktadir.
Revaklardan ulasilabilen oda sayist on iki olmakla
beraber iizerleri tonozla 6rtiiliidir [32]. Glinlimiizde
otel olarak islev goéren kervansarayin avlusu da
restoran olarak kullanilmaktadir. Daha sonra islev
ihtiyacindan kaynakli Sekil 5’te goriilmekte olan
avluya havuz eklenmistir. Yapiya ayrica metal servis
merdiveni ve avludan iist kata ulasim i¢in metal
seyyar asansor uygulanmistir.

& >
Sekil 5. izmir Kanuni kervansaray [35]

7.4. Okiiz Mehmet Pasa Kervansarayi-Aydin

Kusadasi ilgesinde yer alan bu kervansaray Okiiz
Mehmet Pasa tarafindan 1618 yilinda yaptirilmistir.
iki kath ve avlulu kervansaraymn iist katina
avlusunda bulunan kuzeybati ve giineydogudaki iki
merdivenle c¢ikilmaktadir. Osmanli doéneminde
yapilan kervansarayin avlu 6l¢iileri 8.50x1.60 m.dir
ve avlunun etrafinda revak ve odalar bulunmaktadir.
iskele kervansarayin kuzey yoniinde yer almaktadir
ve kervansaraya giris de bu yéndedir. Avlu oél¢iileri

214

Kuzeyde 21.80, giineyde 21.47, doguda 28.51 ve
batida 28.47 m.dir. Kervansaray girisinde revaklara
ulagsmadan dnce sag ve solda tonozla ortiili girintili
b6liim ve bu boliimlerin kemerle birbirine baglandigi
gorulir [33]- Bu kervansarayda ahir
bulunmamaktadir ve wc alani binadan ¢ikinti olarak,
mazgal pencerelerle insa edilmistir. Ayrica
kervansarayin avlusunda sekizgen havuz
bulunmaktadir [34]. Kervansaray giiniimiize otel
islevinde kullanilmaktadir. Sekil 6’daki gorselde
isaretlenmis olan; avlusuna, yeni islevindeki
gerekliliklerden kaynakli olabilecegi diisiiniilen
kismi gilines kiricilar eklenmistir.

Sekil 6. Aydin Okiiz Mehmet Pasa keansarayl [24]
7.5. Zazadin Han-Konya

Selguklu déoneminde yasamis Sadeddin Kopek bin
Muhammed tarafindan yaptirilan han Aksaray-
Konya yolunda, Konya’ya 20 km. uzaklikta
bulunmaktadir. Sadeddin adinin farkli tarzda
soylemi olan Zazadin olarak da adlandirilmaktadir.
Han I. Alaiddin Keykubat zamaninda yapilmaya
baslanmis ve Giyaseddin Keyhiisrev zamaninda
yapimi tamamlanmistir. Dis ve i¢ portalde olmak
lizere toplam iki kitabesi olan hanin portalleri siyah
ve beyaz mermerden insa edilmistir. Devsirme tas
olan spolien tas ¢ok yerde kullanilmis ve mescidinin
giris boliimiiniin istiinde bulundugu gorilmustiir.
Hanin diger yapisal ozellikleri de kuzeydeki beden
duvarinin ii¢ kademeli olmasi ve kighk béliimdeki
kubbenin planda asimetrik olmasi olarak
gosterilebilir [22]. Glinlimlizde miize olarak ziyaret
imkani bulunan yapida zaman zaman
organizasyonlar da  yapilabilmektedir. = Yapi
kubbesinin restorasyon ¢alismalarina baslandiginda
sekizgen kalintilar1 ortaya ¢ikmistir ve Sekil 7’de
bahsedilen kubbe isaretlenmistir. Restore edilirken
celik  striiktirel tasiyict  lizerine polikarbon
malzemeyle o6rti yapilarak biitiinleme islemi
uygulanmistir.

Sekil 7. Konya Zazadin han [36].
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Kervan- Miidahale Tiiri
Kervansara Sehir Yeni sara Miidahale Striiktiir Yiizey — - ) ;
y islev ray Yeri Malzemesi Malzemesi | Butinle- | Kabuk | Avluya | Cati Asansér Zemin | Merdi- | Kubbe | Gines
Tipi me Koruma Ek Ortiist Koruma ven | Ortisi | Kiricl
Kazikli ) Kiltir Celik +
Kervansaray1 Kocaeli Merkezi Kapah Cephe Ahsap Ahsap °
Ekmekgizade
Ahmet Pasa Edirne Sosyf;ll Acik -K"ubbe Aliminyum Cam ° ° °
Mekan -Déseme
Kervansaray1
Kanuni [zmir Otel Karma Zemin Gelik + - ° ° °
Kervansaray1 -Sirkiilasyon | Betonarme
Okiiz Mehmet Otel +
Pasa Aydin Turistik | Karma Cat1 Celik Polikarbon o
Kervansarayi Tesis
Zazadin Sosyal . .
Hant Konya MeKan Acik Kubbe Celik Polikarbon o
Mahperi .
Hatun Tokat Restoran | Karma Sahin Demir Polikarbon +
Kursun
Kervansarayi
Kasim Bey Otel + .
Kervansaray1 Azerbaycan Restoran Karma Cat1 Celik Cam °
Butik
Hisvahan Gaziantep Otel + Karma Avlu Metal Membran °
Restoran
Zein-o-din . Butik -Kubbe
Kervansaray: [ran Otel Karma _Cephe Metal Ahsap ° °
Kursunluhan . .
Otel Kastamonu Otel Karma Cat1 Celik Polikarbon
Alara Turizm .
Han Antalya Tesisi Kapali Cat1 Metal Polikarbon
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7.6. Mahperi Hatun Kervansarayi-Tokat

Kitabesine gore Sultan Melike Mahperi Hatun
tarafindan 1238-39 yillarinda yaptirilan
kervansaray Amasya-Tokat yolu iizerinde insa
edilmistir. Yazlik ve kislik bélim olarak yaptirilan
kervansarayin kislik boélimu 6lgiileri 19.50x28 m,
yazlik b6liimi ise 33x34 m’dir. Yazlik b6limi avluyu
cevreleyen revaklar ve revakla siralanmis odalardan,
kislik boliimii iki sira paye ile ii¢ boliim olarak insa
edilmistir. Pandantif ortiilii kervansaray kesme
tastan yapilmistir ve plani dikdortgendir. Gosterisli
bir giris kapisi olan kervansarayin s6z konusu kapisi
Anadolu Selguklu dénemi kervansaray yapilarindaki
kapilar1 andirmaktadir. Giliniimiize beden duvarlari
ve portali saglam gelmis olan kervansarayin c¢atisi
tlimiiyle yikilmistir. Restore edilen catisinda kishik
boéliimdeki avlunun tizerine tekabiil eden bolimii
hafif malzeme olmast acgisindan polikarbonat
malzeme ile kemerli eyvan lzerine tekabiil eden
boliimii ise kursun malzemeyle kaplanmistir ve Sekil
8’da bu malzeme farkini gérmek miimkiindiir [37].
Yap1 glinimiizde kafe, restoran olarak
islevlendirilmistir.

i |

Sekil 8. Toka't. Maheri Hatn kervansarayi [37].
7.7. Kasim Key Kervansarayi-Azerbaycan

iki mertebeli kervansaray olarak da adlandirilan bu
yapl giniimizde Mugam Kuliip/Mugam Restoran
olarak da bilinmektedir. Mugam olarak kullanilan bu
kelime Azerbaycan miizigi olarak bilinir. Kasim Bey
ve varislerine Sirvasah Halilullah tarafindan hediye
edilen kervansaray 15. ylizyillda insa edilmistir.
Deniz ticareti varligindan dolay1 denize bakan
cepheden giris yapilir. Ayni aks {lizerinde baska bir
giris daha vardir. i¢ plam kare, avlusu sekizgen
planhidir. Balkonlu odalarla ¢evrili avlusuyla iki kat
seklinde insa edilmistir. Odalardan balkona a¢ilan ve
avluya  bakan  revaklar sivri = kemerlerle
olusturulmustur. Kervansarayin korunma agisindan
giineydogu cephesinde kuleleri bulunmaktadir [38].
Unesco Diinya Miras Listesi'nde yer alan yapi otel ve
restoran olarak islev gormektedir. Yapinin
avlusunda Sekil 9'da goriildigi iizere acilir- kapanir
olacak sekilde ortii sistemi eklenmistir. Celik
striikktiir lizerine cam o6rti malzemesi kullanilarak
1s1k kirici islev gormesi saglanmistir.
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Sekil 9.Azerbayan Kasim be kervanarayl [39].
7.8. Hisvahan-Gaziantep

1563-1568 yillarinda Lala Mustafa Pasa'nin Halep’te
vali olarak goérev yaptigl esnada yaptirdigl tahmin
edilen han, Gaziantep Handan Bey Carsisi’'nda yer
almaktadir. Ac¢ik avlulu kervansaray tek kathdir ve
farazi 2900 metrekarelik alana yayilmistir. Killiye
olarak insa edilen yapinin batisinda hamam ve
susamhane bulunmaktadir. Dogu cephesi tarafindan
bedesten bulunmaktadir ancak simdiki donemde
izine rastlanmamaktadir. Kurtulus Savasi zamaninda
yikilmis olabilecegi diisiiniilmektedir. Hanin beden
duvarlar1 kesme tastan, benzer sekilde ortii sistemi
de sarimtirak renkli kiifeki kesme tasindan
olusmustur. Yapinin ¢ati ortiisii tonoz sistemli
striikktiire sahiptir [40]. Yapinin avlusuna asma
germe sistemle olusturulmus oturma alanm
yapilmistir. Kentin simgesel dgelerinin kullanildig
ekler yapiyla biitlinlestirilmek istenmistir. Oturma
alanlar1 arasmma ahsap oymacilik irini bolici
donatilar eklenmis, oturma boliimlerinde de
geleneksel sedir kullanilmistir. Glinlimiizde butik
otel ve restoran olarak islev géren yapinin avlusuna
ve revaklar arasina eklenen c¢agdas ek metal
malzemeden olusmaktadir. Avluda yer alan 1sik
koruma amagli olusturulmus o6rtii sistemi Sekil 10°de
gorildiigii lizere membran malzeme kullanilarak
yapilmistir.

e

Sekil 10. Gaziantep Hisvahan [4(5j.
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7.9. Zein-o-Din Kervansarayi-iran

16.yiizyllda insa edilen yapt Yezd sehrinde
bulunmaktadir ve Afganistan sinirina yakin
konumdadir. iran’da bulunan yuvarlak formlu ii¢
kervansaraydan biridir. Tarihi Ipek Yolu iizerinde
bulunan kervansaray iran Kiiltiirel Miras ve Turizm
Orgiitii'niin miilkiyetindeyken ii¢c kardes tarafindan
restore edilmek istenmistir. 12 yilligina kiralanan
yapt 32 odali misafir agirlamak i¢in yenilenen ve
orijinal tarzina uygun tasarlanan bir yapi1 olarak
hizmet vermektedir. UNESCO tarafindan 2006
yilinda en iyi yenilenen yap1 olarak 6diil verilmistir.
Yuvarlak bigimli dar bir Kkoridor iizerinde

konumlanan odalardan bazilar1 kapilarla, bazilariysa
perdeyle ayrilmistir [41]. Glinlimiizde de otel olarak
islev goren yapinin Sekil 11’de gosterilen resimde i¢
avlusuna giines kirici olarak eklenmis ahsap yiizeyli
yapi

ve metal tasiyicili
gorilmektedir.

ogesi  bulundugu

S

Sekil 11. fran Zei-o-din kervansarayi [41].
7.10. Kursunlu Han Otel-Kastamonu

Ismail Bey hani olarak da adlandirilan han; avluly, iki
kath ve dikdo6rtgen planhidir [42]. Kastamonu'daki ilk
hanlar Candarogullar1 doéneminde Ismail Bey
tarafindan insa edilmistir. Ismail Bey olarak da
adlandirilan kervansaray orta avluyu cevreleyen
revaklar ve hiicre diziliminden olusmaktadir [43].
Hana giris kuzey cephesinden yuvarlak kemerli bir
kapiyla saglanmaktadir. Daha sonra agildigi anlasilan
gliney cephesindeki basik kemerli dikdortgen
cerceveli kap1 hana giris saglayan bir baska kapidir.
Hanin Kursunlu Han olarak adlandirilmasinin nedeni
tonozlarin  {stiiniin ~ kursunla kaplamasindan
kaynaklidir. Kursunlar zamanla sokiilmiis yerine sac
kaplanmistir. 1943 yilinda yasanan depremde hasar
goren yapinin sac kaplamasi soékiilmiis ve yerine
1946 yilinda kursun kaplanmistir. Ayn1 y1l st kat
kemerleri onarilan hanin 1950 yilinda iist kati
onarilmis ve 1972 yilinda Vakiflar Genel Midiirligi
restore ettirmistir [42]. Glnlimiizde otel olarak
hizmet veren kervansarayin avlusu restoran olarak
kullanilmaktadir. Sekil 12'de go6zlemlenebilen
yapinin hava olaylarindan etkilenmeyi en aza
indirmek i¢in avlusuna iist 6rtii eklenmistir.
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Sekil 12. Kastamonu Kursunlu han [44].
7.11. Alara Han-Antalya

I. Alaeddin Keykubat tarafindan yaptirildigi
kitabesinden anlasilan han Alara Cayi'na ve Alanya
Kalesi'ne yakin konumlanmistir. Kalenin g¢evresi de
yerlesim alanina doniismistiir. Kitabesine gore 1231
yilinda yaptirildigr anlasilan han 46x35 m.
o6lciilerinde dikddrtgen planhdir. Kapali avlulu han,
sultan han plan semasina benzemektedir. Ancak
sultan hanlarinda agik avlu ve etrafinda kapali
konaklama béltiimleri varken Alara Han’da odalar ve
avlu i¢ ice tasarlanmistir. Yapidaki ana malzeme
kesme tastir, bazi yamaca bakan bdliimlerinde moloz
tas kullanilmistir. Dar bir koridor ¢evresinde eyvan
ardindan oda gelecek sekilde bir diizen
olusturulmustur [45]. Giiniimizde aktif islevi
bulunmayan hanin ge¢mis donemde eglence merkezi
olarak kullanildig1 bilinmektedir. Cagdas miidahale
uygulanan kervansarayin koridor kisminin iizerine
ortll yapilmis, Sekil 13’te goriilmekte olan metal
striikktiir lizerine polikarbon malzeme kaplanarak
onarim islemi gergeklestirilmistir.

Sekil 13. Antalya Alara ha;l [46-].
8. Tartisma ve Sonug¢

Insanlik tarihinde baslangicta barinma amaciyla insa
edilmis yapilar daha sonra insan iliskilerinin
artmasiyla farkli islevlerdeki yapilarin ortaya
cikmasiyla degiskenlik gostermistir. Ticaretin
olusmasinda oOnemli etkenlerden biri insan
iligkileridir ve zamanla gelisen ticaretle birlikte
tliccarlarin birbirinden uzak mesafelerdeki kentlere
seyahat etmesi kacinilmaz olmustur. Ticcarlik
yapanlarin konaklama ihtiyacini karsilayan ve ayni
zamanda ticaret yapmalarina olanak taniyan yapi
gereksinimi olusmustur. Buna o6rnek olusturan,
onceleri ipegin sonralar farkli bircok malzemenin
ticaretini saglayan Ipek Yolu olusmus ve bu yol
lizerinde konaklama ve ticaret ihtiyacimi karsilayan
kervansaraylar insa edilmistir. Orta Cag’dan baslayip
daha sonra Osmanl doéneminde sehir
merkezlerindeki hanlarin insasiyla kullanimi azalan
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kervansaraylardan giiniimiize ulasabilmis 6rnekler
mevcuttur. Bu yapilarin yeniden kullanimini
saglamak ve gilinlimiize adapte edebilmek amaciyla
cesitli islemler gérmesi gerekmistir. Birincil olarak
yine orijinal islevi olan konaklama fonksiyonu
uygulanmaya c¢alisilsa da farkll islevlere sahip
kervansaraylar da bulunmaktadir.

Onarim geciren kervansaraylardan bazilar1 6zgiin
malzemesine uyum saglayan malzemelerle restore
edilirken bazilarinda cagdas ekler uygulanmistir. Bu
uygulamanin yapiya yiikledigi cesitli olumsuz
durumlar olusturabilmekteyken baz1 acilardan
bakildiginda ise yerinde bir uygulama oldugu
goriilmektedir. Restorasyon islemini birden ¢ok
baslik altinda inceleyebilirken bu ¢alismada ¢agdas
miidahale uygulanmis olan Kkervansaraylar ele
alinmistir. Calismaya konu olmus kervansaraylar
farkli kaynaklardan elde edilmis verilerle irdelenmis,
hangi amagla bu islemin uygulandigi sorusuna cevap
aranmistir. S6z konusu on iki adet kervansaraydan
biiytik ¢ogunlugu o6zgln islevine uygun olarak
konaklama ihtiyacim1 karsilayan otel olarak
kullanilirken geri kalan yapilar miize ve sosyal
mekan islevinde kullanilmakta ya da aktif bir islevi
bulunmamaktadir.

Yapilan arastirmalarda elde edilen verilere gore

kervansaraylardan bazilarinda avlunun {zeri
kapatilmak istenmistir. Bu islemin ortaya ¢ikmasi
hasar gormiis olan o6zgiin malzeme yerine

uygulanmasi amaciyla ya da mekanin rekreasyon
alan1 olarak kullanilmak istenmesinden dolay
olusmustur. Avluda yine sosyal alan olusturmak
amaciyla glines kirici vazifesi goren eklerin de
uygulandigr gorilmiistiir. Hasar gormiis olan
malzemenin yerine ¢agdas ekle biitlinleme yapilmak
istenmesi yillarca bitinligini koruyabilmis
yapiin striiktiriine fazla yiik uygulayarak zarar
vermemek istenmesidir. Avlunun, sosyal mekanlar
olan restoran, kafe, kiiltiirel alan vs. isleviyle
kullanilmak istenmesiyle birlikte avlunun tizerinin
kapatilmak istenmesi de hava sartlarindan
kullanicilarin  etkilenmesini en aza indirgemek
amaciyladir. Her iki durumda da ortak amag¢ modern
donem eki olduklarii agik¢a ortaya koyarak tarihi
yaplyl yasadigimiz doénemle bagdastirip her iki
donemi yansitan mimari dil olusturmaktir.

Gerekli restorasyon islemi geciren her yapi aktif
kullanima sahip degildir. Bu durumun c¢esitli
sebepleri  bulunmaktadir.  Giinlimiizde  sehir
merkezlerinin disinda kalan yapilarin ugrak bir
mekan olmasi ve yerli-yabanci turistlerin rotay1 bu
tarihi yapilara cevirmesi, ilgi c¢ekici bir islev
verilmesiyle dogru orantilidir. Bu sebeple yapinin ne
kadar ytik tasiyabilecegine dair gerekli hesaplamalar
yapilarak dikkat ¢ekici ¢agdas miidahaleler
uygulanabilir. Ornek olarak Almanya’da bulunan
Bundeswehr Askeri Tarih Miizesi cephesine
uygulanan c¢agdas miidahale sonrasi kentteki
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konumu o6n plana ¢ikmistir. Yapr cephesine
piramidal sekilde tasarlanan bir eklenti uygulanmis
ve bu mimari 6genin etkisiyle ic mekanda golge-1s1k
oyunlar1 olusturulmustur. Onarim goéren yap1 igin
amag¢ oOncelikle yapimin 6zginligini korumak
olmasiyla birlikte simdiki zamanda kullanilmaya
devam etmesi icin yakin ¢evresinde sosyo-kiiltiirel
analizler yapilmali ve miidahale yéntemi buna gore
belirlenmelidir. Aksi takdirde amag yalnizca yapinin
onarim gorerek ayakta kalmasini saglayabilmek
olursa aktif kullanim ihtimali azalabilmektedir.

Bu c¢alismada tarihi yapilar kategorisindeki
kervansaraylara uygulanan ¢agdas miidahale
yontemleri arastirillip elde edilen veriler ortaya
konulmus ve modern déneme uyum saglamasi
acisindan  giincel durumlar1 analiz edilmek
istenmistir. Cagdas uygulamalarin 0zgin
malzemeyle karsilastirildiginda yapiya kazandirdigi
estetik deger, yapinin yeni islevinden kaynakli dogan
ihtiyacglan karsilayabilmesi ve ayni zamanda statik
olarak yapiya yiiklenen yiik gibi durumlar yapiya
miidahale yontemi secilirken dikkat edilmesi
gereken basliklar olarak g0z oniinde
bulundurulmalidir. Gelecek ddnemlerde yapilara

uygulanacak restorasyon islemi oOncesinde bu
calismanin ¢agdas miidahale acisindan fikir
verebilecegi diisiiniilmiis ve uygun miidahale

yontemleriyle yapilarin giiniimiizde de yasatilmaya
devam etmesi amag¢lanmigtir.

Etik Beyani/Declaration of Ethical Code

Bu ¢alismada, “Yiiksekégretim Kurumlari Bilimsel
Arastirma ve Yaymn Etigi Yénergesi” kapsaminda
uyulmast gerekli tiim kurallara uyuldugunu, bahsi
gegen yénergenin “Bilimsel Arastirma ve Yayin Etigine
Aykar1 Eylemler” bashigi altinda belirtilen eylemlerden
hicbirinin gerceklestirilmedigini taahhiit ederiz.
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Anahtar Kelimeler Ozet: Giiniimiizde talep edilen ve tiiketilen enerji miktarinda ¢ok yogun artiglarin
Optimal Gii¢ Aks, olmasi ile birlikte, yenilenebilir enerji kaynaklarindan enerji iiretiminde artislar
Ucgenleme Topoloji Toplama  glmaktadir. Bir elektrik sebekesinde yenilenebilir enerji kaynaklarinin dahil
lyilestiricisi, - edilerek kullamlmasi ile birlikte agin ekonomik ve verimli calisabilmesi icin en
Glines enerjisi, . .

Riizgar enerjisi uygun sel.<l.1de plagllanmam problemini de" orAtaya gl.lfarmaktadlr.. B}l (;a'11$mada.,
yenilenebilir enerji kaynaklarindan olan riizgar ve giicii entegreli gii¢c sistemleri
problemlerinden olan optimal gii¢ akisi problemi ele alinmistir. Optimal gii¢ akisi
problemi dogrusal olmayan yapiya ve cesitli kisitlamalara sahip olan, kontrol
parametrelerin en uygun degerlerinin belirlendigi bir optimizasyon problemidir.
Ayrica, glines ve riizgar enerjisinin dogasini birlestirmek problemin karmasikligini
artirmaktadir. Bu tiir problemlerin ¢éziimiinde yapay zeka tekniklerinden olan
sezgisel arama algoritmalar tercih edilmektedir. Bu ¢alismada optimal gii¢ akisi
probleminin ¢éziimii icin Ucgenleme topolojisi toplama iyilestiricisi (UTTI)
algoritmasinin  oncelikle mesafe uygunluk dengesi tabanli gelistirilmesi
gerceklestirilmistir. Gelistirilen algoritma riizgar ve giines enerji kaynaklarinin
dahil edildigi optimal gii¢ akis1 probleminde uygulanmis olup, literatiirdeki farkli
algoritmalarin sonuglar1 ile Kkarsilastirilmistir. Elde edile sonuglar, onerilen
algoritmanin bu gii¢ sistemi probleminde etkili oldugunu agik bir sekilde
gostermektedir.

Fitness Distance Balance Based Triangulation Topology Aggregation Optimizer for
Optimal Power Flow Including Renewable Energy Sources

Keywords Abstract: With the substantial increase in the amount of energy demanded and
OI{timal PQWGF Flow, consumed today, there is also an increase in energy generation from renewable
Triangulation Topology energy sources. Including renewable energy sources in an electrical grid and using

Aggregation Optimizer,
Solar Power,
Wind Power

them introduces the problem of planning the network in the most economical and
efficient way. This thesis addresses the optimal power flow problem, which is one
of the power system problems integrated with wind and solar power, both
renewable energy sources. The optimal power flow problem is an optimization
problem with a nonlinear structure and various constraints, where the best values
of control parameters are determined. Additionally, combining the nature of solar
and wind energy increases the complexity of the problem. Heuristic search
algorithms, which are a type of artificial intelligence technique, are preferred in
solving such problems. In this paper, the Triangulation Topology Aggregation
Optimizer (TTAO) algorithm was first developed based on distance adequacy
balance for the solution of the optimal power flow problem. The developed
algorithm was applied to the optimal power flow problem including wind and solar
energy sources and compared with the results of different algorithms in the
literature. The obtained results clearly show that the proposed algorithm is effective
in this power system problem.
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1. Giris

Teknolojinin stirekli olarak gelismesiyle birlikte talep
edilen ve tiiketilen enerji miktarinda ¢ok yogun artis
olmaktadir. Ayrica elektrik enerjisinin iiretiminde
fosil yakit kullaniminin elektriksel gii¢ talebinin
artisiyla dogru orantili olarak artmasi, dogaya verilen
zararin da artmasina neden olmustur. Giintimiizde
elektrik enerjisi ihtiyacinin karsilanmasi ve dogaya
verilen zararin azaltilmasi amaciyla yenilenebilir
enerji kaynaklarinin kullanimi ile enerji iiretiminde
artis durumu so6z konusu olmustur [1]. Diinyada en
¢ok kullanilan ve tercih edilen yenilenebilir enerji
kaynaklarinin basinda riizgar giicii ve glines enerjisi
gelmektedir. Bir elektrik sebekesine yenilenebilir
enerji kaynaklarinin dahil edilmesi ile birlikte
sebekenin ekonomik ve verimli ¢alisabilmesi icin en
uygun sekilde planlanmasi problemini de ortaya
¢ikarmaktadir. Gii¢ sistemlerinde en uygun isletim ve
planlama siiregleri icin en énemli problemlerden biri
Optimal Gli¢ Akis1 (OGA) problemi olmustur [2]. OGA
probleminde temel amag, cesitli kisitlar dikkate
alinarak ve sistem giivenligi de 6n planda tutularak,
istenilen amag¢ dogrultusunda ¢alismasini saglayacak
sistemin en uygun degisken parametrelerinin
belirlenmesidir [3].

OGA problemi, yillardir arastirmacilarin ilgisini
¢cekmis ve problemin en iyi ¢6ziimiinii bulmak i¢in ¢ok
sayida farkli yontem uygulanmigtir. ilk olarak
arastirmacilar OGA problemini ¢6zmek icin cesitli
matematiksel yontemler uygulamislardir. Bunlar
ozellikle, i¢c nokta yontemi [4] lineer ve lineer olmayan
programlama [5], kuadratik programlama [6] gibi
yontemler oldugu goriilmektedir. Ancak, OGA
probleminin  lineer olmayan ve  kompleks
ozelliklerinden dolay1 bu tiir yontemlerden basarili
sonuglar alinamamaktadir. Matematiksel yontemlerle
en uygun ¢6ziim bulunamamasindan dolay1 ve
dezavantajlar1 ortadan kaldirmak amaciyla, yapay

zekanin alt dallarindan olan sezgisel arama
algoritmalar1  OGA  probleminin  ¢6ziimiinde
kullanilmaya  baslamistir. Bu  algoritmalarin

temellerini genetik algoritma [7], gelistirilmis genetik
algoritma [8], tabu arama [9], parg¢acik stiriisii [10] ve
diferansiyel evrim algoritmasi [11] olusturmaktadir.

Bununla birlikte, son yillarda, artan ekonomik ve
cevresel nedenlerden dolay1 yenilenebilir enerji
kaynaklarinin  dahil edildigi OGA probleminin
¢oziilmesi icin bir¢ok arastirmact tarafindan
calismalar yapilmistir [12-30]. Ozellikle 2017 yilinda
Partha P. Biswas ve arkadaslarinin [31] yapmis riizgar
ve giines enerjisinin dahil edilmis oldugu 6ncii bir
calisma bulunmaktadir. Arastirmacilar bu
calismalarinda, riizgar dagilimini Weibull olasilik
yogunluk fonksiyonu ile giines 1s1nim1 ise lognormal
PDF kullanarak modellemislerdir. IEEE-30 bara
sistemi, reaktif gii¢ 0©zelliklerine sahip riizgar
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jeneratorlerini ve giines enerjisi PV'sini barindiracak
sekilde degistirmislerdir. OGA probleminin ¢ézimii
icin de uygun kisitlama isleme yonteminin dabhil
edildigi uyarlanabilir diferansiyel evrim algoritmasini
(SHADE-SF) 6nermislerdir.

Glinumuzde, sezgisel arama algoritmalarin
optimizasyon problemlerinde kullanilmasi amaciyla
yeni algoritmalarin gelistirilmesi devam etmektedir.
2024 yilinda Zhao ve arkadaslar tarafindan, iiggen
topolojik benzerlikten ilham alan ve farkli boyutlara
sahip benzer liggen topolojik birimlerin bir araya
getirilmesiyle olusturulan Ucgenleme Topolojisi
Toplama lyilestiricisi (UTTI) [32] ismi verilen yeni bir
algoritma ©6nerilmistir. Yapilan ¢alismada, UTTI
algoritmasi1 yenilenebilir enerji kaynaklarinin dahil
edildigi OGA probleminin ¢6ziimii i¢in dnerilmistir.
Ayrica, algoritma arama uzayinda tuzaklara takildig
icin, algoritmadaki kesif ve sOomiri dengesinin
iyilestirilmesi amaciyla Kahraman ve arkadaslari
tarafindan gelistirilen Uygunluk Mesafe Dengesi
(UMD) [33] tabanli iyilestirme yontemi kullanilmistir.
Benzetim ¢alismalar1 IEEE-30 bara sisteminde giines
ve riizgar enerjilerinin dahil edilmesiyle elde edilen
sistemde test edilmistir. Elde edile sonuclar, 6nerilen
algoritmanin bu gii¢ sistemi probleminde etkili
oldugunu agik bir sekilde gostermektedir.

2. Yenilenebilir Enerji
Optimal Gii¢ Akis1

Kaynaklar1 Entegreli

Teknolojik gelismelerin ilerlemesiyle birlikte elektrik
enerjisi liretiminin talep edilen miktari karsilamasi ve
iiretilen enerjinin  kullanicilarla  bulusturulmasi
karmasik  bir sistem  olusturmaktadir.  Giig
sistemlerinin yiiksek verimde ¢alismasi i¢in gii¢ akisi
hesaplamalarmin  yapilmast ve en  uygun
parametrelerin elde edilmesi, ¢oziilmesi gereken
o6nemli bir optimizasyon problemi haline gelmistir. Bu
optimizasyon problemi, Optimal Gii¢ Akis1 (OGA)
problemi olarak adlandirilir. Bu bélimde OGA
problemi, riizgar giicii ve giines enerjisi tanitilmis;
riizgar giiciinlin ve gilines enerjisinin optimal gii¢
akisina dahil edilmesiyle olusturulan farkli problem
cesitleri agiklanmistir.

2.1. Optimal gii¢ akis1 problemi

Bir sistemde en verimli gii¢ akisini saglamak ve bu
dogrultuda uygun yontemi bulmak, olduk¢a ugrastirici
ve dnem arz eden bir konudur. Bu problemi asmak,
sistemle ilgili verilen parametreler ve kisitlamalar
dahilinde en iyi sonuca varmak icin yapilan
calismalarin  biitiinliyle mimkiindiir. Sistemde,
dogrusal ve konveks olmayan iyilestirme problemini,
verilen belirli parametrelere gore, esitlik ve esitsizlik
sinirlamalarina  baglh kalarak en iyi kontrol
parametrelerinin belirlenmesi islemine Optimal Gii¢
Akisi (OGA) problemi denilmektedir [11]. OGA
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problemi genel olarak asagida yer alan denklemler ile
ifade edilir:

Min F(x,u) (1)
g(x,u)=0 (2)
h(x,u)<0 3)

Yukarida yer alan formiillerde mevcut olan x ve u
ifadeleri sirasiyla bagimh ve bagimsiz degiskenlerin
olusturdugu vektorleri ifade etmektedir. F(x,u) ,
minimum degeri elde edilmek istenilen amag
fonksiyonunu, g(x,u) ve h(x,u) fonksiyonlar1 ise
sirasiyla esitlik siirlarini ve esitsizlik kisitlarini
tanimlayan fonksiyonlardir. x vektorl; salinim
barasinda yer alan generatdriin aktif giicii P;;, yik
bara gerilimini V;, generatoriin reaktif giicii Q; ve
iletim hatt1 yika S; seklinde tanimlanan bagimh
degiskenlerden olusur ve Denklem (4)’teki gibi ifade
edilir:

X= [Pcl' VLl VLNv ch QGNGvSll "'S1NL] (4)

Yiik bara sayisi, gerilim kontrollii generatdr bara sayisi
ve iletim hatt1 sayisi sirasiyla LN, NG ve NL seklinde
ifade edilmistir.

Ayn1 sekilde u vektéri de; PV baralarindaki
generatorlerin aktif glici P; , generatér bara
gerilimleri V;, sont kapasiteleri Q. ve transformator
kademe ayarlari T seklinde tanmimlanan bagimsiz
degiskenlerden olusur ve Denklem (5)’teki gibi ifade
edilir:

u= [Pc;z - Pong, Vo1 Voner Qcr -+ Qener Ty -+ TNTL] (5)

Gerilim kontrollii generatdér bara sayisi, kapasitansh
bara sayis1 ve transformatorlii bara sayisi sirasiyla NG,
NC ve NT seklinde ifade edilmistir.

2.1.1 Kisitlamalar

Sistemin istenen diizeyde verimli c¢alismasi igin,
sistemde kullanilan elemanlarin belirle-nen kurallar
cercevesinde calismasi esastir. Bu kurallar, esitlik ve
esitsizlik kisitlamalar1 olmak iizere ikiye ayrilir.

2.1.1.1 Esitlik kisitlamalari

Denklem (2)’'de g olarak genel bir formiille belirtilen
esitlik kisitlamalar1 asagidaki gibi tanimlanabilir.

NB

Py= By =V, 2 V,[ Gy cos(8,-5,)+ Bysin(5,-5,)|=0  (6)

J=1
NB

Qc‘-*QDf*V,'ZVj [Gij sin(é‘ifﬁj)fB,j cos(é}féj)J:O (7N

J=1

2.1.1.2 Esitsizlik kisitlamalar

Denklem (3)’te h ifadesiyle sembolize edilen esitsizlik
kisitlamalari, gii¢ sistemlerinin ¢alismasinda etken
olan genarator, tranformator, sont kapasite ve iletim
hattina bagh gerilim ve yiik degerlerinin belirlenen
sinir araliklari icinde kalmasi seklinde ifade edilebilir.
OGA'nin en verimli saglanabilmesi icin, sistem
elemanlar1 icin belirlenen degerler sinirlarinda
calismas1 zorunludur. Do6rt ana bashk altinda
saydigimiz sistem elemanlarinin kisitlamalarini soyle
tanimlayabiliriz.

2.1.1.2.1 Generator kisitlamalar

Aktif ve reaktif giiclerinin sinirlamalar:

van <V, <Vie, i=12,..,NG (8)
P <P <PM, i=12,.,NG (9)
05" <05 < Q5" i=12,...,NG (10)

seklinde tanimlamr. V7™ ve V% | generatériiniin

minimum ve maksimum bara gerilimi degerini, PJ*"

ve Pi** i generatorinin sirasiyla minimum ve
maksimum aktif giic degerlerini, Q7}" ve QFi** i

generatoriiniin minimum ve maksimum reaktif giic
degerlerini ifade eder.

2.1.1.2.2 Transformator Kisitlamalari
Kademe ayar sinirlamalart:
"™ <T,<T", i=1,2,...,NT (11)

seklinde tanimlanir. ~ T/M" ve i

transformatoriiniin minimum ve maksimum kademe
degerlerini ifade eder.

max
Ti

2.1.1.2.3 Sont kapasite kisitlamalari
Sont kapasite sinirlamalart:
onn < QL <M, i=1,2,...,NC (12)

seklinde tanimlanir. Qf}"" ve Qfi** i barasimin sont
kapasite degerinin minimum ve maksimum kademe

degerlerini ifade eder.
2.1.1.2.4 Giivenlik kisitlamalari

Bu kisimda, ytik baralarinin gerilim degerleri ve iletim
hattinin akis degerlerinin limit sinirlari belirlenir:

1.2,...,LN (13)

min max .
Vit SV, SVEe, i

S, <8, i=12,...,NL (14)
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eklinde tanimlanir. V/™* ve V™ | barasinin
Li Li
minimum ve maksimum gerilimlerini, . §;7*** i iletim

hattinin maksimum akis limitini ifade eder.
2.2. Riizgar enerjisi

Riizgar hareketinin sahip oldugu kinetik enerjiye bagh
olarak ortaya cikan enerji, riizgar enerjisi olarak
adlandirilir. Ortaya ¢ikan enerji, mekanik ve elektrik
enerjisine dontstiiriliir ve yaygin olarak kullanilir.
Riizgar enerjisi yenilenebilir bir enerji kaynagidir.
Cevreye zararl bir atik yaymayan temiz bir enerjidir.
Glinumtuzde riizgar enerjisi genellikle elektrik
tiretiminde kullanilmaktadir. Fosil yakitlarin dogaya
ciddi sekilde zarar vermesi ve Kkiiresel 1sinmanin
etkilerini arttirmast ve bu kaynagin rezervleri
tikenmesi ile birlikte daha temiz ve tilkenmeyen
giines, riizgar, su, biyogaz gibi yenilenebilir enerji
kaynaklarindan elektrik iiretimi yayginlasmistir.
Riizgar enerjisi de gliniimiiz enerji sistemleri arasinda
bu bakimdan 6nemli bir konumdadir.

2.2.1 Riizgar giicii maliyeti

Genel olarak OGA problemleri sistemde termal
generator oldugunda uygulanir. Termal generatorlii
sistemlerde elektrik enerjisi tliretiminde kullanilan
yakitlar, optimal gili¢ akis1 problemleri arasinda en
o6nemlilerinden biri olan maliyet hesabina dogrudan
etkilidir. Son zamanlarda cevresel faktorlerin de
etkisiyle termal generatorlere alternatif olarak biiyiik
enerji sistemlerine entegre edilen yenilenebilir enerji
kaynaklarindan  olan  riizgar  tiirbinleri de
kullanilabilmektedir. Termal generatoérlerin aksine
riizgar tiirbinleri enerji liretiminde herhangi bir yakit
kullanmadiklar1 i¢in, maliyet hesaplamalar1 farkl
parametreler yardimiyla yapilmaktadir [31]. Riizgar
santrallerinin maliyet hesab1 yapilirken riizgar
santrallerinden gelen asil giiciin tahmin edilenden
daha az olmasi durumu, fazla tahmin (overestimation)
maliyeti ve rlizgar santrallerinden gelen asil giiciin
tahmin edilenden daha fazla olmasi durumu, az
tahmin (underestimation) maliyeti olarak iki farkl
durum goz 6niinde bulundurulur [34].

Riizgar giiciiniin maliyet hesaplama formiilii Denklem
(15)’teki gibi tanimlanabilir:

NW
C, =Y (B, Cost,,  +P,Cost, +B,Cost, )

Jj=1

(15)

Formiildeki Py, Costg;; ifadesi riizgar giiclinlin
maliyetini, Py, Cost,,; ve PyCost,, ; ifadeleri ise j.
rizgar giici generatoriinin fazla ve az tahmin
maliyetlerini diger bir deyisle ayrilmis ve ceza
maliyetini temsil eder. Riizgar giicli maliyeti Denklem
(16)’daki gibi tanimlanabilir:
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)

q; ve w; simgeleri sirasiyla elektrik enerjisi maliyet
katsayisint ($/MW) ve j. rilizgar generatoriiniin
iiretilen gercek giiciini (MW) temsil eder [34].

£y Cost,, = Z,NZ(% Wi (16)

Fazla tahmin maliyeti Denklem (17)deki gibi
tanimlanabilir:
B,Cost, =Y " (C,,xE(Y,,)) (17)

Crwjvek (Yoe‘ j) ifadelerij. riizgar generatdriiniin fazla
tahmin maliyet katsayisini ve beklenen degerini temsil
eder. Fazla tahmin i¢in riizgar generatériiniin
beklenen degeri daha ayrintili olarak:

oy Vo
E(YW_/.):W/. 1-exp _CK’ +exp _CK’
J J

K K

el (&) as
+[7W”C/ ]{r[nl,[v“/] ’]—r[ul,[v”"’] H
Ve Vo K, C K, |\ C
seklinde ifade edilir [34].
Az tahmin maliyeti Denklem (19)'daki gibi
tanimlanabilir:
B,Cost, =Y " (C,,xE(Y,,)) (19)

Cpwj Ve E (Yue, j) ifadeleri j. riizgar generatoriniin az
tahmin maliyet katsayisini ve beklenen degerini temsil
eder. Burada, az tahmin riizgar generatdriiniin
beklenen degeri Denklem (20)’deki gibi ifade edilir:

J

K
r, tJ

K
v, v,
E(Ym ):(w,. -w ){exp[— L ]—exp[— -
J J J C, j C, j
w, V. Ve
+ L ) +w, || exp| — e
Vr,jivm,l C/'/

K; Kr

¢ ] T 1+L [L] [L]
in,j K/ C/ C/

Denklem (18) ve Denklem (20)’de gegen ifadeler:

(20)

I'(.) tamamlanmamis gama fonksiyonunu,

Kj, C; j. riizgar generatériiniin Weibull dagilimina ait
bicim ve 6lcek carpanini,

Uy, Vin, Voye rliZgarinin nominal, devreye girme ve
devreden ¢ikma hizlarini,

v, aracl parametreyi v; = v, + (v, — Vi) Wi /W,

w; ve w,. ; j. riizgar generatdriiniin tiretilen ve nominal
gliciinii temsil eder.

2.2.2 Riizgar giicii karakterizasyonu
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Riizgar giicii kullanan sistemlerde , riizgarin hizinin
kontrol edilmesi en 6nemli konudur. Ciinkii , dogada
rizgarin hizi belirsizdir ve her siddette olabilir.
Weibull dagilimi,riizgar hizini kontrol etmenin yaygin
olarak kullanildig1 yéntemlerden biridir [21]. Weibull
dagilimi Denklem (21)’deki gibi tanimlanabilir:

v

et

c

£.(v) (21)

k-1 .
] e 0<v<oo

Formiilde v riizgar hizinin olasiligin, k ve ¢ sirasiyla
bicim ve dl¢cek carpanini temsil eder [23].

Weibull dagiliminin ortalamasi:
,u:cl“(1+k’l) (22)

seklinde tanimlanabilir. Formiildeki gama fonksiyonu
['(x) ise Denklem (23)’te belirtilmistir.

r(x) ffvw (23)
Riizgar generatoriniin rizgar hizina gére fonksiyonu
Denklem (24)’te belirtildigi gibidir.

0 , v<vy, vev>v,
v—v,
—_ m
P,(v)=1p. . v, Svey, (24)
Ve Vi
P sV <VEY,

Formiildeki riizgar hizi, devreye girme hizindan disiik
ve devreden ¢ikma hizindan biiytk ise ¢ikis giict sifir
olur. Eger riizgar hizi, nominal hiz ve devreden ¢ikma
hizinin arasinda ise ¢ikis giicii nominal giice esittir. Bu
belirli sinirlar icin, olasiliklar:

in

chk}exp{—(vz"jk} (25)
L ()P =p.)= exp{—(:)k}—exp{—(?ﬂ (26)

seklinde verilebilir. Denklem (24)’teki rtzgar hizi,
devreye girme hizi ve nominal hiz arasinda ise olasilik
formiili:

fW(pw){Pw = 0} = 1—exp|:—(

k
P
v+ (v, =)
Pur
c

(27)

seklinde hesaplanabilir [35].

2.3. Giines enerjisi
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Geleneksel termik enerji jeneratorlerinin aksine,
glines enerjisi jeneratorleri yakit gerektirmez. Gilines
PV santrallerinin bagimsiz sistem operatoriine (ISO)
ait oldugu durumda, ISO, giines PV santralleri i¢in ilk
harcamaya bir miktar geri 6deme maliyeti atamak
veya bunu bir bakim ve yenileme maliyeti olarak
atamak istemedigi siirece, giines PV santralleri yakit
gerektirmediginden maliyet fonksiyonu mevcut
olmayabilir [24]. Ancak, giines enerjisi santralleri 6zel
taraflara  ait  oldugunda, ISO  sézlesmeyle
kararlastirilan planlanmis giice orantili bir fiyat éder.

2.3.1 Giines giicii maliyeti

Rizgar enerjisi santrali gibi, giines enerjisi santrali de
kesintili ve belirsiz ¢iktiya sahiptir. Prensip olarak,
gilines enerjisinin fazla ve eksik tahminine yaklasim
riizgar enerjisi ile ayni olacaktir. Bununla birlikte,
giines 1s1nimi1, Weibull PDF'sini takip ettigi bilinen
riizgar dagilimindan farkl olarak lognormal PDF [25]
izlediginden, hesaplamada kolaylik saglamak icin
rezerv ve ceza maliyeti modelleri [9]'da sunulan
konsepte dayali olarak olusturulmustur.

k'ninci glines PV santrali i¢in rezerv maliyeti soyledir:

CRs,k (Pss,k - Psav,k) = KRs,k(Pss,k - Psav,k)
= KRs,k * fs(Psav,k < Pss,k)
* [Pss,k - E(Psav,k < Pss,k)]

(28)

Burada, Krskk'ninci glines enerjisi santraline ait rezerv
maliyet katsayisi, Psavk ayni santralden elde edilen
gercek kullanilabilir glictiir.

fs(Psav, k< Pssk) glines enerjisi acig1 olusma olasiligidir.
E(Psavk < Pssk), planlanan giicten (Pssk) daha diisiik
giines PV giicii beklentisidir.

k'nminc1 glines enerjisi santralinin diisik tahmin
edilmesi i¢cin ceza maliyeti soyledir:

CPs,k (Psav,k - Pss,k) = KPs,k (Psav,k - ss,k)
= KPs,k * fs(Psav,k > Pss,k)
* [E(Psav,k > Pss,k) - Pss,k]

(29)

Burada, Kpsk k'ninci glines enerjisi santraline ait ceza
maliyeti katsayisi,

fs(Psavk > Pssk) planlanan giicten (Pssk) fazla gilines
enerjisi giicli olasiligy,

E(Psavk > Pssk) Pssk ‘min lizerindeki glines enerjisi glici
beklentisidir.

2.4. Amacg fonksiyonu

OGA probleminde kullanilmak iizere iki amacg
fonksiyonu kullanilmistir. Bunlardan birincisi, tim
maliyet fonksiyonlarini icerecek sekilde olup emisyon
maliyeti dahil edilmemis haliyle asagidaki denklemde
sunulmustur.
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Nwg

By = Cr(Pr) + ) [Cuj(Pas))
=1

+ Crw,j (Pws,j — Pwavj)

+ CPw,j(Pwav,j - Pws,j)]
Nsg

+ Z [Cs,k (Pss,k)
k=1

+ CRs,k (Pss,k - Psav,k)
+ CPs,k (Psav,k - Pss,k)]

(30)

ikinci amac¢ fonksiyonu olarak da karbon vergisi

uygulandiginda {iretim maliyetini goérmek icin,
emisyon maliyetinin eklendigi asagida verilen
denklem olusturulmustur [31].

F2 = F1 + CyoE (31)

3. YOontem ve Metot

Bu ¢alismada OGA Probleminin ¢6ziimde kullanilmak
tizere Ucgenleme Topolojisi Toplama lyilestiricisi
(UTTI) algoritmas1 ve mesafe uygunluk dengesi
algoritmasi tabanl gelistirilmis hali 6nerilmistir.

3.1. Uggenleme topolojisi toplama iyilestiricisi

Uggen diizlem geometrisindeki en temel grafiktir.
Sonlu veya sonsuz boyutlu bir uzayda iiggen bir
topoloji, 2 boyutlu alt uzayinin altindaki bir grafik
olarak kabul edilebilir. Bazi kapal sistemlerde liggen
diger topolojilerden daha basit ve daha kararhdir.
Sekil 1 g¢gen topolojinin gercek hayattaki
uygulamalarinmi géstermektedir. Bu avantaj nedeniyle,
bircok alan genellikle arastirma nesnesini liggen
topolojik birimlere boler ve tanimlama ve analiz i¢in
ilgili modeller olusturur [36, 37].

Uggen  benzerligi  geometrinin  en  &nemli
ozelliklerinden biridir. Bir ¢okgen, hesaplamali
geometri ve bilgisayar bilimi i¢cin 6nemli bir uygulama
degeri olan bir liggen birlesiminden olusabilir [38,39].
Ayrica pratik miihendislik uygulamalarinda dl¢iilmesi
zor olan ylikseklik veya mesafe problemi benzer
iicgenler kullanilarak ¢oziilebilir. Goriintii tanima i¢in,
benzer tliggenlerin karsilik gelen kdseleri arasindaki
mesafeye gore iki dzelligin iliskili olup olmadigina da
karar verilebilir. Matematikte iki licgenin benzer karar
teoremleri asagidaki gibidir. Sekil 2(a)-(d) sirasiyla
dort karar teoremine iliskin semalar1 gostermektedir.

Yeni olusan ii¢genin, orijinal tiggenin bir kenarina
paralel bir kenar1 vardir ve bu ¢izginin uzatma
cizgisi, orijinal ticgene benzer sekilde diger
kenarlar1 veya her iki tarafin uzatma cizgilerini
keser;
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iki ticgenin karsilik gelen kenarlarinin oranlari ve
acilar esitse, iki licgen benzer kabul edilebilir;
Karsilik gelen kenarlari esit oranda olan bir tiggen
baska bir tliggene benzer;

e ki licgenin acilan esitse iki icgen benzerdir.
Onerilen UTTI algoritmas1 benzer iicgenlere
dayanmaktadir. Yinelemeli evrimle, arama uzayinda
siirekli olarak yeni kose noktalari olusturulur ve farkl
boyutlarda benzer iiggenler olusturmak i¢in kullanilir.

Sekil 2. Benzer iiggen topolojiler: (a) Degerlendirme
yontemi 1, (b) Degerlendirme yéntemi 2, (c) Degerlendirme
yontemi 3 ve (d) Degerlendirme yontemi 4

3.2. Matematiksel modelin olusturulmasi

Bu alt béliimde 6nerilen UTTI algoritmasina iliskin
matematiksel model aciklanmaktadir. UTTi'nun
optimizasyon siireci temel olarak iki asamadan, yani
farkli ve ayni birimler arasindaki birlestirmeden
olusur.

3.2.1 Baslatma

ik olarak, UTTI algoritmas1 optimizasyon siirecini
baslatmak icin popiilasyonu baslatir. Popiilasyon
biiyiikliigii N ve degisken boyut D verilmistir. Ucgen
topolojik birimdeki her kdse bir arama aracisini temsil
eder. UTTI algoritmasinda, birey sayis1 N, |[N/3] iicgen
topolojik birimlere béliinebilir; burada ||, asag:
yuvarlanmayr gosterir. Ekstra bireyler arama
uzayinda rastgele olusturulur. Baslatma asamasinda
uygun bolgede rastgele [N/3] etmenleri iiretilir ve her
bireyin {rettigi matematiksel ifade su sekilde
hesaplanir:

X,;=1,% (UB—LB)+LB (32)
burada Tl i'inci Gicgen topolojik birimdeki ilk aranan
bireyi temsil eder ve i, 1 ile |[N/3] arasinda pozitif bir
tamsayidir. ro, [0, 1] arasinda rastgele bir sayiyi

belirtir; LBEve UB degiskenlerin alt ve iist sinirlaridir
ve matematiksel ifadeleri su sekilde tanimlanabilir:
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LB = [lby, ..., bp] (33)
UB = [ub, ..., ubp] (34)

3.2.2 Uggen topolojik birimlerin olusumu

Belirli bir problemin boyutu genellikle 2'den biiyiik
oldugundan, UTTI algoritmasinda yalmzca her iki
boyutlu yiizeyin bir eskenar iliggen olmasi garanti
edilir. Ucgen topolojik birimlerin olusumu, kutupsal
bir koordinat ile siradan bir koordinat sistemi
arasindaki déniistimi kullanir [40]. Uzunlugu 1 * f —»
olan yeni bir yon vektorii, kiiresel bir koordinat
sisteminde baslangic kosesi olarak birinci kose
kullanilarak yerlestirilir ve ikinci koseyi olusturmak
icin trigonometrik fonksiyonla siradan bir koordinat
sistemine doniistiiriliir.

Uzunlugu | * f — olan olusturulan yon vektori saat
yoninin tersine /3 dondiiriiliir ve ardindan tiglincti
tepe noktasini elde etmek igin koordinat sistemi
tarafindan donistiriliir. Bu koselerin ifadesi su
sekilde yazilabilir:

_— — —

X2 =X1+1xf(0) (35)
— — w
XI,,3 =Xl'1+l*f<9 +§) (36)

burada I, matematiksel olarak su sekilde ifade edilen
licgen bir topolojik birimin boyutunu temsil eder:

[=9xeT (37)
Denklem(37)’de, t mevcut yineleme sayisini temsil
eder. T maksimum yineleme sayisini belirtir. Tekrar
sayis1 arttikca 1 azalir. ik asamalarda birim, kiiresel
aramaya odaklanmak i¢in daha genis bir arama aralig1
olusturabilir. Daha sonraki asamalarda toplanip umut
verici bir yénde derinden gelisir. Uggen topolojik
birimin daha sonraki iterasyonlarda da
tretilebilmesini  saglamak icin 1 degeri 0'a
dismeyecektir. Bu kurulum ayni zamanda asiri
kullanimin yerel bir ekstremumda sikisip kalmasini da
onler ve ilk noktanin yonlendirdigi diger iki kenarin
yon vektorlerini temsil eder. Denklem (38) ve
Denklem (39) ile hesaplanir.

f(é) = [c0s6,, 050, ...,c0s0_1c0s0p] (38)
0 T = 0 T 0
flo+ 3= [cos( 1+ §)’ e, €08 (Bp_4 (39)

s i
+ §)cos 6, + 5)]

Burada 6 - =[0y,..,, Op] ve 6;(j = 1, ...D) [0, t] arasindaki
rastgele sayilardir.
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Uggen topolojik birimlerin her bir grubu dahili olarak
dordiincii kosede toplanir. Bu nokta, bireysel bilgilerin

kullanilmasi i¢in dogrusal agirlikli bir sekilde
olusturulmustur. Doérdiinci koése su sekilde
tanimlanir:

TAZH*YH"'TZ*Y;"'%*Y; (40)

burada ri, rz ve rs, [0, 1] arasinda rastgele sayilardir ve
r1 + rz + r3 = 1'dir. Dolayisiyla doérdiincii arama aracisi
her tiggen topolojik birimin icindedir.

Her yinelemenin baslangicinda, bir tepe noktasindan
ve ayni uzunluktaki iki kenardan yeni benzer liggen
topolojik birim elde edilir ve yinelemeler sirasinda
kenar uzunlugu dinamik olarak degisir. Her iinitedeki
en iyi tepe noktasi, her yinelemede 6ncii tepe noktasi
olarak disiiniilebilir ve bu, her iinite i¢in diger
bireylerin evrimine rehberlik eder. Ayrica diger
koseler de en iyi koseye gore olusturulur. Sekil 3 (a) ve
(b), 2 ve 3 boyutlu uzayda ii¢ggen topolojik birimlerin
yapisini gostermektedir.

Sekil 3. ik{ vé ti¢ boyutlu uzayda olusturulan liggen
birimlerin sematik diyagrami

topolojik

Sekil 3.3 (a)'da her birim i¢in ilk (en iyi) tepe noktasi
yer almaktadir. Kutupsal bir koordinat ile siradan bir
koordinat sistemi arasinda dontisimler meydana
gelir. Sabit uzunluklu 1 rastgele yon vektori [61, 62]
olusturuldu ve agilar1 vurgulamak i¢in farkl renkler
kullanildi.

Daha sonra ikinci kose trigonometrik fonksiyonla
normal koordinat sistemine dontstiriiliir. Birinci
kose ve ikinci koseden olusan sabit uzunluktaki vektor
60 ° yanil * [81 + /3, 62 + /3] dondiirilir ve liglinci
koseyi elde etmek icin siradan bir koordinat sistemine
dontstiriiliir. Koordinat sisteminin mutlaka standart
koordinat sistemi olmasi gerekmedigini ve dolayisiyla
0'nin keyfi olarak iretildigini ve yalnizca cos
fonksiyonu tarafindan diizenlendigini belirtmekte
fayda vardr. ilk ii¢ kése dérdiincii késeyi olusturacak
sekilde dogrusal olarak agirliklandirilir. 3 boyutlu
uzay icin kutupsal koordinattakil x [61, 02, 03] ve 1 * [61
+ m/3, 02 + m/3, 03 + m/3] vektorleri ikinci kdseyi ve
tictincii koseyi elde etmek icin siradan bir koordinat
sistemine doniistiirilir. Sekil 3.3 (b), tiggen birimi x-z
dizlemleriyle gostermektedir.
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Sekil 3.4, benzer birimin 2 boyutlu uzay i¢in ayni
periyottaki ve farkli periyotlardaki durumlarini
aciklamaktadir. 0'nin rastgelelii nedeniyle, t
zamanindaki her tiggen topolojik birim ayni boyutu ve
yoni, yani uyumu gosterir. Farkli zamanlar i¢in ticgen
topoloji Unitesinin yonii doniisten sonra tutarhdir.
Eger t¢gensel zaman birimi t, liggensel zaman birimi
t+1'deki bir tepe noktasina aktarilirsa, ikisi donme
acisindan benzerdir. Daha sonra, her grup i¢indeki
veya TUggen topolojik birimlerin farkli gruplar
arasindaki Dbireyler, kiiresel aramayr ve yerel
madenciligi gercgeklestirmek i¢in bilgi alisverisinde
bulunabilir.

al £ ileration

Sekil 4. Ucgen topoloji biriminin iki boyutlu uzaydaki
durumlari

3.2.3 Genel toplama

Genel toplama, kesif asamasina vurgu yapar. Bu
asamada farkl ti¢ggen birimlerdeki iyi bireylerin
bilgileri toplanir ve yeni uygulanabilir ¢oziimler
tiretilir. Bilgi etkilesimi, her licgen topolojik birimdeki
en iyi birey ile rastgele secilen herhangi bir birim
kiimesindeki en iyi birey arasinda meydana gelir.
GA'daki gen gegisinden esinlenerek bir bilgi etkilesim
mekanizmasi 6zellestirilmistir [41]. Iki pozitif bireyin
her boyut degiskeni arasinda farkli agirliklarin
dogrusal bir kombinasyonu vardir. Yeni birey,
matematiksel olarak su sekilde ifade edilen daha iyi iki
kose baglantisinda tretilir:

t+1 | ¢ t
Xz,newl =T Xl,best + (1 - T4) * Xrand,best (41)

t
burada rs, [0, 1] arasinda rastgele bir sayidir. X; ¢, ve
t . C e e .. .. . . e .
Xrandpest » | birimi icin en iyi bireyi ve t'inci

yinelemede rastgele secilen bir birimi belirtir. Ayrica,
Xt+1 inewT —'nin uygunluk degeri, optimal veya
optimal alt1 arama ajani ile karsilastirilir ve optimal
ajan giincellenir. Bir minimizasyon problemi
varsayarak, (t+1)'inci iterasyonda gilincellenen
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optimal ve suboptimal bireylerin matematiksel

ifadeleri su sekildedir:

t+1 t+1

X =X g <
Lbest Lnewl let;{;wl szt,best

XL‘ — Xt+1 < (42)
1,sbest Lnewl XLL:‘;'I-éWI Xltsbest

burada Xt jsest = i'inci yinelemedeki optimal olmayan
bireyi temsil eder. f{.) verilen problemin bir
fonksiyonudur.

Sekil 5, optimal ajanin ve optimal olmayan ajanin
glincelleme ayrintilarini agiklamaktadir. Bir birimdeki
her kdsenin sayisi, uygunluk degerinin siralamasini
temsil eder. Ug farkli hareket yolu dahildir. Birincisi,
capraz bireylerin orijinal konumdan daha iyi oldugu
yerdir; 6rnegin, sol iist birim ve sol alt birim, sag tist
birim ve sol alt birim. ikincisi, caprazlanan bireyin
optimal olmayan konumdan daha iyi olmasidir;
ornegin, lstteki ikinci iinite ile sag st iinite, sol st
iinite ile sag alt tinite. Yukaridaki sol alt {initeyle
birlikte ikinci inite, ¢aprazlamadan sonra en koti
bireyi temsil ediyor. Gruplar arasindaki bilgi alisverisi,
poplilasyon ¢esitliligini artirmaya ve bireylerin
yeterince kesfetmesine olanak saglamaya yardimci
olur.

® :
Y x 5 IR ¥ x;; Xt > fo
X O icdingividuar @ founh individual

Sekil 5. Coklu tiggen topolojik birimlerin genel toplanmasi

~-p evolutionary direction

3.2.4 Yerel toplama

Yerel toplama esas olarak kullanim asamasini
vurgulamaktadir. Bu asamada licgen topolojik
birimler dahili olarak toplanir. Bir 6nceki asamadan
sonra glncellenen optimal veya suboptimal bireyler
ile gruptaki iyi uygunluk degerlerine sahip iki kose
arasinda gegcici olarak tiggen bir topoloji olusturuldu.
Bu durumda topolojinin eskenar liggen olmasi sart
degildir. Optimal bireyin konumu, optimal ve optimal
olmayan bireylerin olusturdugu hareket vektori
farkina bagh olarak yerel bir bolge (hem y6n hem de
adim boyutu agisindan) tarafindan bozulur. Boylece,
her topolojik iiggen  biriminin  kullanimini
gerceklestirmek icin her grup belirli bir yerel alanda
yeniden arastirilir.
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Yeni tepe noktasi su sekilde hesaplanir:

e
t+1

XLf:l‘elwz = ,best +tax (Xlt,;elst - le;‘blest) (43)
burada a azalmasi toplama kapsami boyutunu
ayarlamayi saglar. o su sekilde hesaplanabilir:

e — g3 — 3
=1 t+e’— 44
a=ln ( o +e o ) (44)

ideal olmayan bireysel bilgiyi kullanmanin amaci,
optimal bireyin yerel bir u¢ noktaya hapsolmasini
onlemektir. Toplama sonrasinda, gecici liggen
Uinitesinin baslangi¢ noktasinin Unite igerisinde
optimal olmasi garanti edilmelidir. Yakinsamanin
umut verici bir yonde gelismesini saglamak i¢in, yerel
madencilik 6ncesi ve sonrasi iki tepe noktasinin
uygunluk degerleri, gilincellemenin belirlenmesi
amaciyla karsilastirilir.

Yakinsamanin umut verici bir yodnde gelismesini
saglamak igin, iki tepe noktasinin yerel madencilik
o6ncesi ve sonrasi uygunluk degerleri, konumun
giincellenmesini belirlemek tizere karsilastirilir. Yeni
birey orijinalinden daha iyi performans gosteriyorsa

glincelleme  pozisyonuna gecilir, aksi halde
giincelleme yapilmaz. llgili matematiksel ifade
asagidaki gibidir.
t+1
R < _
R = et Dk ST
Xiest otherwise

Sekil 6, liggen topolojik birimlerin yerel toplama
diyagramini géstermektedir. Yerel toplamanin amaci,
her topolojik tiggen birimi icindeki pozitif bilgiyi
toplamaktir. Kesikli tiggen topolojik birim, genel
toplamadan sonra optimal tepe noktasi, optimal
olmayan tepe noktasi ve lciincii tepe noktasinin
kombinasyonunun gecici topolojisini gosterir. Her
birimdeki en uygun birey toplanir ve a parametresinin
(gri dairenin alani) kontrolii altinda belirli bir
araliktaki daha iyi bir konuma giincellenir. Her gegici
birimin yerel olarak toplanmasindan sonra, mor
noktalardan olusan en iyi konumlarina gére yeni
benzer topoloji birimleri olusturulur. Yerel toplama
siireci, her topolojik tiggen biriminin miimkiin oldugu
kadar hassas bir sekilde ¢ikarilmasini saglar. Ayrica
daha sonraki yinelemelerde varyasyon aralig1 giderek
kiigilir.
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Sekil 6. Uggen topolojik birimlerin yerel toplanmasi
3.2.5 UTTI algoritmasinin yiiriitme akisi

ik olarak iicgen topolojik birimlerin sayis1 [N/3] ile
belirlenir. Her yinelemede geri kalan 1 veya 2 kisinin
uygun  bolgede  rastgele yeni  pozisyonlar
olusturduguna dikkat edilmelidir.

Rastgele olusturulan konumlar, her yinelemede ayni
saylda tiiggen birimin saglanmasini amaglayan
uygunluk degeri i¢cin mevcut bireylerle karsilastirilir.
Bu nedenle, bir sonraki yineleme giincellemesi icin
lider olarak en iyi |[N/3] bireyler secilir. Bunlar aslinda
her birim icin en uygun bireylerdir. UTTI
algoritmasinda, her tggen topolojik birim i¢in en
uygun birey, yineleme basina li¢ asamali giincelleme
uygular; yani olusturulan tiggen topolojik birimler,
genel toplama ve yerel toplama. Algoritma 1, UTTI
algoritmasinin yuriitme s6zde kodudur.

3.3. Uygunluk mesafe dengesi

Uygunluk-mesafe dengesi (Fitness Distance Balance,
FDB) se¢im yontemi, Kahraman ve arkadaslari
tarafindan 2020 yilinda Onerilen genellestirilmis bir
se¢im yontemidir. FDB yodnteminin amaci, arama
stirecinde MSA algoritmalarina etkin bir sekilde
rehberlik etmektir. MSA algoritmalarinda segim
yontemleri, arama operatorlerinin ihtiya¢ duydugu
referans konumlari belirlemek i¢in kullanilir [33], [42-
44]. Bu nedenle, secim yontemleri popiilasyonun
geleceginin sekillenmesine olanak sagladig: icin MSA
algoritmalarinin performansi agisindan oldukc¢a
onemlidir. MSA algoritmalarindaki diger unsurlarda
oldugu gibi, se¢cim ydntemlerinin tasariminda da
dogadaki siiregler referans alinir. Buna goére, MSA
algoritmalarinda kullanilan se¢im yontemleri a¢gozli,
rastgele ve olasiliksal olmak iizere ili¢ kategoride
siniflandirilmaktadir.  Ag¢goézlii  secim  yOntemi,
dogadaki elitizm mantigina dayanmaktadir. Buna
gore, popllasyon iiyeleri arasindan en gii¢lii olanin
secildigi yontemdir. Rastgele se¢im yontemi, dogada
siklikla meydana geldigi varsayilan rastgelelige
dayanmaktadir. Buna gore, popiilasyondaki bireyler
arasinda tamamen rastgele bir se¢im yapilir.
Olasiliksal se¢cim yonteminde ag¢gozlii ve rastgele
se¢im yontemleri birlikte kullanilir ve secimin olasilig1
uygunluk degerine goére belirlenir. Rulet tekerlegi ve
turnuva yontemleri, olasiliksal se¢im yontemlerinin
ornekleridir [33].
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FDB aggozlii bir secim yontemidir. Ancak, FDB’nin
diger acgozli yontemlerden en onemli farki, secim
isleminin sadece uygunluk degerine gore degil, puan
degerine gore yapilmasidir. FDB yonteminde, her bir
¢6ziim adaymin puan degeri hesaplanir. Puan
hesabinda, popiilasyondaki her bir ¢éziim adayinin
uygunluk degeri ve en iyi ¢dziim adayina olan uzakligi
dikkate alinmaktadir. FDB yontemi, en ytliksek puana
sahip ¢6zlim adayinin arama slirecini
yonlendirmesine izin verir. Sonug olarak, en iyi ¢6ziim
adayinin komsulugunda bir ¢6ziim adayimin se¢imini
de engellemis olur. Boylece, kesif ve somiirii
gorevlerinin dengeli bir sekilde yiiriitiilmesi
saglanmaktadir [33].

FDB yontemini uygulamak i¢in asagidaki adimlar

izlenmelidir:

(i) FDB yonteminin ilk adiminda, ¢6ziim adaylarinin
en iyi ¢oziime ( best x ) olan uzaklig1 hesaplanir.
Poptilasyondaki ¢6zlim aday sayisi N ve problem
boyutu D ise, i. ¢6ziim adayinin en iyi ¢6ziim

adaymna olan Oklid uzakligi denklem (45)
kullanilarak hesaplanir.

YV # Ky, D, J( Swatt) (X = Koir) + (%, = Koin) (45)
(ii) P popiilasyonu i¢in uzaklik vektori Dp, denklem
(46) ile gosterilir.

D,

Dp = (46)

Dy Nx1

4. Benzetim Sonuglari

Elektrik iiretimi siirecinde dikkate alinmasi gereken
belli bashi durumlar vardir. Bu durumlardan en
onemlileri arasinda maliyet hesabi ve cevre kirliligi
konusunda en o6nemli etken olan emisyon yer
almaktadir. Termal jeneratorlerine ait maliyet ve
emisyon hesaplamalarinda kullanilan katsayilar Tablo
1’de yer almaktadir.

Tablo 1. incelenen sistem icin termik jeneratérlerin maliyet ve emisyon katsayilan [31].
Generator Bara a b c d e a B Y ® v
TGl 1 0 2 0.00375 18 0.037 | 4.091 -5.554 6.49 0.0002 6.667
TG2 2 0 1.75 0.0175 16 0.038 2.543 -6.047 5.638 0.0005 3.333
TG3 8 0 3.25 0.00834 12 0.045 5.326 -3.55 3.38 0.002 2
IEEE 30 barali sistemde kullanilan termal jeneratérler santrallerine ait PDF parametreleri Tablo 2’de
yerine riizgar ve glines enerji santralleri entegre verilmistir.
edilmistir. Kullanilan riizgar enerjisi ve glines enerjisi
Tablo 2. Riizgar enerjisi ve giines enerjisi santrallerinin PDF parametreleri[31].
Riizgar giicti liretim tesisi Giines PV tesisi
Riizgar Tiirbin N?mmal Weibull PDF Weibull N?mlnal Lognormal Lognormal
Tarlasi# Sayisi Giic, Pwr parametreleri ortalama, Glig, Psr | PDF ortalama,
(MW) Mwbl (MW) Parametresi | Mlgn
P v = 7976 . G = 483
1 (bus 5) 25 75 c=9k=2 m/s 50 (bus13) | u=60=0.6 W/m2
2(bus11) | 20 60 c=10k=2 |V = 88621 -
m/s

Bu calismada IEEE 30 barali test sistemi iizerinde
toplam iki farkli durum icin optimizasyon islemi
yapilmistir. Optimizasyonu yapilan durumlardan ilki,
sistemde yer alan enerji iiretim elemanlarinin maliyet
katsayilari ile birlikte olusturulan maliyet uygunluk
degerinin minimizasyon islemidir. Bu durumda
sadece sistemde yer alan T{retim elemanlarinin
maliyetleri dikkate alinarak en uygun degerin
bulunmasi amaglanmistir. Onerilen bu durum, daha
once literatiirde yer alan SHADE-SF [31], gelistirmesi
yapilan algoritmanin orijinal hali olan UTTI ve
onerilen UMDUTTI algoritmalari ile ¢6ziimlenmis ve

bulunan degerler Tablo 3’te verilmistir. Tablo 3’te yer
alan bilgilerden de goriilebilecegi lizere Onerilen
UMDUTTI algoritmasi, 781.6925 $/h degeri ile
maliyet hesabi acgisindan sirasiyla 782.503 $/h ve
782.8708 $/h degerlerine sahip SHADE-SF [31], ve
UTTI algoritmalarindan daha iyi sonug vermistir.

Tablo 3. IEEE 30-barali durum 1
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. SHA
nM‘ 2’:{ DE- | UTTI EPF/[TD[-
SF
Prea (M 285 | 2642 | 26.86
w) 20180 ) ¢4 14 40
Pres (M 10.02 | 10.00
w) 10 | 35 | 10 1 02
Pust M | o [ ¢ | 437 | 44.05 | 44.98
W) 74 02 56
Pusa (M | o | ¢ | 369 | 3541 | 3556
W) 49 15 33
Ps(MW | o [ | 349 | 3845 | 3682
Kontrol ) 76 81 42
Degiske | V;(p.u) 0. 1. 1.07 1.071 | 1.072
nlen 95 | 10 | 2 1 6
V,(pu) 0. 1. 1.05 | 0978 | 1.054
95 | 10 | 7 7 6
Ve(p.w) 0. 1. 1.03 1.052 | 1.032
95 | 10 | 5 6 6
Valpu) | og | 1 | 104 [ g0 | 578
Vi(pau [0 | L | [ 1099 | 1097
) 95 [ 10 | & 3 2
Vis(pu. | 0. | 1. [ 1.05 | 1.063 | 1.053
) 95 | 10 | 5 0 7
Pror (M | o | 14 | 134. | 1349 | 1349
W) 0 908 104 120
Qrgt(M | - |15 1 g0 | 1212 | 3920
VAr) 200 3' 52 3
Qrez(M | - 13.2 4.819
VAr) 20 | ®0 | 61 (2)8'00 8
Qrez(M | - 40 35.1 | 40.00 | 40.00
VAr) 15 01 00 00
Qusi(M | - |5 [ 231 [35.00 [ 2134
VAr) 30 81 00 23
Qus2(M | - 29.71 | 29.63
Parame | VAr) 25 30| 30 95 01
treler Qss(MV | - | [ 17.3 | 2042 [ 17.07
Ar) 20 46 14 21
Eﬁ;:; ;82. ;82.8 7523;.6
(8/h) 03 08 |9
Emisyo 1.76 1.762 | 1.762
n (t/h) 2 9 9
Karbon
vergisi - - -
($/h)
Prayp ( 577 | 5877 | 5.749
MW) 0 7 3
VD 0.46 | 0.494 | 0.458
(p.u.) 3 7 2
Optimizasyonu yapilan durumlardan ikincisi ise

toplam maliyetin yam sira sistemde dogaya salinan
emisyon gazi ile emisyon maliyet katsayis1 ¢arpimi
sonucu elde edilen karbon vergisi uygunluk degerinin
minimizasyon islemidir. Bu durumda ise toplam
maliyete ek olarak sistemde yer alan karbon
salimimina ait maliyet de dikkate alinarak en uygun
degerin bulunmasi amaclanmistir. Onerilen bu durum,
daha once literatiirde yer alan SHADE-SF [31],
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gelistirmesi yapilan algoritmanin orijinal hali olan
UTTI ve onerilen UMDUTTI algoritmalar ile
¢ozimlenmis ve bulunan degerler Tablo 4’te
verilmistir. Tablo 4’te yer alan bilgilere gore onerilen
UMDUTTI algoritmas;, 809.2866 $/h degeri ile
sirasiyla 810.346 $/h ve 809.8440 $/h degerlerine
sahip SHADE-SF [31], ve UTTI algoritmalarindan daha
iyi sonug verdigi gézlemlenmistir.

Tablo 4. IEEE 30-barali durum 2

Mi | Ma | SHAD | i | UMD_U
n X E-SF UTTI TTI
Pres (M 33.04 | 3241 | 33.197
w) 20 | 80 |7 " 7
Pres (M 10.00 | 10.000
w) 10 | 35 | 10 o7 9
Pug M| o | .5 [ 4602 | 4549 [ 46.030
w) 1 91 4
Puo M| o | g0 | 3874 | 3828 | 38745
w) 8 94 2
3733 | 3889 | 36.848
Ps(MW) | 0 | 50 | ¢ Je ;
Kontrol
Degisken | V;(p.u.) 2'9 (1)'1 1.071 (1)'100 1.1000
leri
V,(pu) 2'9 (1)'1 1.057 1'090 1.0901
Ve(p.w) g'9 (1)'1 1.036 51;'071 1.0715
Va(p.u) 2'9 (1)'1 1.04 1'080 1.0993
V., (pu) 2'9 (1)'1 1.099 (1)'100 1.1000
V,a(p-w) 2'9 (1)'1 1.056 é'094 1.0972
Prgy (M| g, | 14 [ 1235 [ 1233 | 12358
W) 0 |25 090 35
QTGI (M - 15 - ) .
VAr) 20 |0 | 2678 ;(1)'51 ;0'950
Qrca (M | - co | 1231 [ 1781 | 16583
VAr) 20 9 15 5
Qres (M | - 40.00 | 40.000
VAr) 15 | 40 | 3527 | 0
Quer (M | - 35 | 2296 | 2488 | 24.593
VAr) 30 4 66 8
Qusz (M | - 18.86 | 18.710
> . |VAD 25 | 30 |30 30 2
arametr 7a MV | - 17.77 | 2116 | 22.277
eler s 25
Ar) 20 9 64 8
;Z‘f};gt‘ 8103 | 809.8 | 809.28
46 440 66
($/h)
Emisyon 0.880
() 0891 | 0.8943
Karbon 17.60 | 17.887
vergisi 17.83 95 0
($/h)
Prayp(M 5.010
W) 5276 | ] 5.0063
VD (p.u) 0.469 ;070 1.0864

Ayrica onerilen algoritmanin verimliligine dair daha
iyi bir gosterge olmasi acisindan orijinal UTTI
algoritmas1 ve gelistirilmis UMDUTTI algoritmas:
bagimsiz 30 calisma ile ¢6ziimlenmis ve bulunan
sonuclara ait minimum, ortalama, maksimum ve
standart sapma degerleri Tablo 5’'te verilmistir.
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Verilen degerler g6z oOniinde bulunduruldugunda algoritmasindan daha iyi sonu¢  verdigi
gelistirilen UMDUTTI algoritmasinin bagimsiz 30 gozlemlenebilir.
¢alisma sonucunda hem minimum hem de ortalama
deger olarak Durum 1 ve Durum 2 icin orijinal UTTI
Tablo 5. UTTI ve UMDUTTI algoritmalarinin karsilastirilmasi
Durum 1 Durum 2
Min Ort Maks Std Min Ort Maks Std
UTTI 782.8708 | 783.2067 | 784.1176 | 0.3087 | 809.8463 | 809.9921 | 810.2703 | 0.1726
UMDUTTI 781.6925 | 782.3956 | 784.6169 | 0.6438 809.2866 | 809.3937 | 809.7072 | 0.1422
5. Sonuglar ve Oneriler [3] Kaymaz, E., Duman, S., & Guvenc, U. (2021).

Bu ¢alismasinda, gii¢ sistemleri alaninda giiniimiiziin
onemli problemlerinden olan, riizgar ve gilines gibi
yenilenebilir enerji kaynaklarinin entegre edildigi
Optimal Gii¢ Akis1 probleminin ¢6ziimii i¢in, uygunluk
mesafe dengesi tabanli tiggenleme topolojisi toplama
iyilestiricisi kullanilarak gelistirilen bir ydntem
sunulmustur.  Onerilen  ydntemde, liggenleme
topolojisinin global arama kapasitesini artirmak ve
algoritmanin kesif ile somiirii arasinda giiclii bir denge
saglanabilmesi amaciyla uygunluk-mesafe dengesi
yontemi  kullanilmistir.  Calismada,  gelistirilen
uygunluk mesafe dengesi tabanl licgenleme topolojisi
toplama iyilestiricisi (UMDUTTI), riizgar ve giines
enerjisi entegreli IEEE 30 barali gii¢ sisteminde OGA
problemini ¢6zmek amaciyla kullanilmistir. Benzetim
calismasinda elde edilen sonuglar iiggenleme
topolojisi toplama iyilestiricisi (UTTI) ve uygun

kisitlama  isleme  yonteminin  dahil edildigi
uyarlanabilir ~ diferansiyel evrim algoritmasini
(SHADE-SF) ile karsilastirlmistir. Elde edilen

sonuglar, OGA probleminin ¢éziimi icin UMDUTTI
yonteminin UTTI ve SHADE-SF ile karsilastinldiginda
daha etkili ¢6zlimler sundugunu géstermektedir.

Etik Beyani

Bu c¢alismada, “Yiiksekogretim Kurumlart Bilimsel
Arastirma ve Yayin Etigi Yonergesi” kapsaminda
uyulmasi gerekli tiim kurallara uyuldugunu, bahsi
gecen yénergenin “Bilimsel Arastirma ve Yayin Etigine
Aykirt Eylemler” bagsligt altinda belirtilen eylemlerden
higbirinin gerceklestirilmedigini taahhiit ederiz.
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Anahtar Kelimeler Abstract: This study proposes a current-mode KHN universal filter design that can

MO-OTA, current-mode perform three standard functions simultaneously: low-pass, high-pass, and band-

KHN universal filter, pass. The circuit is built around a multiple-output operation transconductance

LT-Spice simulations. amplifier (MO-OTA), which allows for electronically adjustable pole frequency and
quality factor by modifying input bias currents (IB). The circuit layout is
straightforward, with two MO-OTAs and two grounded capacitors, eliminating the
need for external resistors and depending entirely on grounded components. Because
of its simplicity, the circuit is suited for use in a tiny, efficient design. The proposed
circuit's operation was validated using LT-Spice simulations, and the results were in
line with theoretical expectations. The circuit used around 298uW of power at 0.2V
power supply voltages. These results demonstrate the circuit's potential for low-
power applications, which are crucial in many modern electronic devices. The
suggested current-mode KHN universal filter offers a viable option for combining
various filter functions in a single circuit with customizable parameters. Its simplicity,
efficiency, and performance qualities make it a feasible choice for incorporation into
a variety of electronic systems, allowing for more filter design freedom

Modu KHN Evrensel Filtre Uygulamalari icin Cok Cikishi Operasyonel
Transiletkenlik Amplifikatériine Dayanan Diisiik Voltajli, Yiiksek Performansli CMOS
Transistor Tasarimi ile Gergeklestirilmesi

Keywords Ozet: Bu calisma, aym anda ii¢ geleneksel islevi yerine getirebilen akim modlu KHN
¢oklu cikigh calisma evrensel filtre tasarimini sunmaktadir. Bunlar; diisiik gecisli, yiiksek gecisli ve bant
transiletkenlik

gecisli filtrelerdir. Devre, giris yanlilik akimlarin (IB) ayarlayarak elektronik olarak
degisken kutup frekansi ve kalite faktoriine izin veren c¢oklu cikish islemsel
transiletkenlik amplifikatéric (MO-OTA) temel alinarak tasarlanmistir. Devre
topolojisi, iki MO-OTA ve iki topraklanmis kapasitor kullanilarak insa edilmistir; bu,
harici diren¢ gereksinimini ortadan kaldirir ve yalnizca topraklanmis bilesenlere
dayanur. Basitligi nedeniyle, devre kiigiik ve verimli bir tasarim icin idealdir. Onerilen
devrenin isleyisi LT-Spice simiilasyonlariyla dogrulanmis ve sonuglar teorik
beklentilerle uyumlu bulunmustur. Devrenin en yiiksek gii¢ tiiketimi, + 0,2V gii¢
kaynag voltajlarinda yaklasik 290uW olarak tespit edilmistir. Bu bulgular, devrenin
disiik gili¢ tiiketiminin kritik oldugu bir¢cok mevcut elektronik cihaz i¢in uygun
oldugunu gostermektedir. Onerilen akim modlu KHN evrensel filtresi, gesitli filtre
islevlerini tek bir devrede 6zellestirilebilir parametrelerle birlestirmek icin uygun bir
secenek sunmaktadir. Sadeligi, verimliligi ve performans nitelikleri, onu farkl
elektronik sistemlere dahil etmek icin cazip bir secenek haline getirerek daha fazla
filtre tasarim 6zgiirligl saglamaktadir.

amplifikatori (MO-OTA),
akim modu KHN iiniversal
filtre,

LT-Spice simiilasyonlar1
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1. Introduction

Over the past two decades, in the design of electronic
circuits, efforts have been made to reduce the supply
voltage for circuits, especially portable devices,
reducing the voltage supply. It is therefore necessary
with the design technique of current-mode circuits
that are more characteristic of the voltage mode, so it
is the purpose of synthesizing current-mode circuits,
since they have a dynamic amplitude range. Assumes
(Lager dynamic range) has a higher signal band width,
greater linearity, easy circuit design (simple circuitry)
and low power consumption [1-2].

Analog frequency filtering circuits are very important
in the field of electronic engineering and have wide
applications in many fields, such as communication,
instrumentation, especially in medical meters and
control systems [3-8].

KHN (Kerwin Huelsman Newcomb) universal
frequency filter circuit is popular because it uses fewer
active and passive devices, less sensitivity to devices,
and good stability [9-10].

According to the survey, a research paper has been
published related to universal frequency filtering
circuits in current mode. There are many active
devices that can operate in current mode, such as
Operational Transconductance Amplifier (OTA),
Current Conveyor (CCII). Current Differential Buffer
Amplifier (CDBA), Current Differential Buffer
Amplifier (CDBA), Current Differential
Transconductance Amplifier. (CDTA), according to
the report some of the disadvantages of various
articles are found below.

1) Very active and passive devices are used,
especially external resistors.
The partial frequency response, the output is
low impedance [16-17] in current mode, so it
is difficult to implement
cannot be controlled electronically. [11-14],
[16]
4) The circuit must be changed to achieve full
response effect. [17-18]
5) Floating capacitors [19] are required to do
so. [t is suitable for use as IC.

2)

3)
4)

5)

Operational Transconductance Amplifier (OTA) is a
popular device for signal processing circuits, as it can
operate in both voltage and current modes and can
control the operation of the circuit electronically.

Therefore, in this article, it is proposed a universal
frequency filtering circuit in KHN current mode with
MO-OTA coupled with two ground-coupled capacitors,
which are characterized by three basic frequency
filtering, low frequency through high pass frequency
and bandpass frequency. In the same structure, pole
frequency and quality value can be controlled. The
factor is obtained electronically, free of external
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resistors and simulated with the PSpice program to
test the performance of the circuit presented.

2. The Principle of Operation of the Circuit
2.1. The principle of operation of OTA

Due to the circuit offered, the circuit device extends
the conductivity of the current. It is an active device
that operates in a voltage-controlled current supply
(Voltage Controlled Current Source: VCCS) manner.
The conversion of voltage value into current is called
(transconductance) or gm. The characteristic is that it
has a high impedance input and output value, while
the conductivity value can be controlled by the bias
current from external relationship of current and
voltage of OTA according to Equation 1.

Iy = gmViyy — V(o) (1)
by gm can be expressed as .
gm = Kl 2)

and
K = puoCox(W /L)

The values k and IB are the conductivity parameters of
the device used to make an MO-OTA. Here, this is a
transistor. In Figure 1, the symbol and equivalent
circuit of MO-OTA are shown.

—
V(°) Im V, R ‘gan
o
R e
=

Figure 1. OTA (a) Symbol (b) Symbol (b) Equivalent circuit
2.2. Structure of KHN universal filter circuit

The circuit structure of the KHN frequency filter
circuit consists of 2 lossless integrator circuits and an
integrated circuit. As shown in Figure 2, from the
diagram, the transfer equation of high frequency
through, through frequency band and low frequency
through can be written as equation (3) - (5),

respectively.
2

== 3)
N 2461, 1
in S +511+1112
P
Mpp __ A1 4
Nin  s245——t— )
m A1 22z
and
1
Mpp A1y
Nin  s24s—+—— )
n A1 A1z
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From equations (3) — (5), the value of the pole

frequency and the value of the quality factor can be

written as equations (6) and (7).
1

Wo = PR (6)
And
— |A
0= I3 (7)
1 - 1
Xz I
Yo ST, Y ST, Y,

Figure 2. The structure of the KHN universal filter circuit
2.3. KHN universal filter circuit with OTA offered

This section is an important part that presents the
KHN wuniversal filter circuit with MO-OTA, which
consists of 2 integrator circuits. Thus, it does not
consume the equipment, so the KHN universal
frequency filter circuit with OTA presented in Figure 3
can be written as follows:

O s

Figure 3. KHN universal filter circuit presented

2

Mpyp _ s 8)
N SZ+ng1+gm1gm2
n C1 C1C2
Jgmi
Mpp [ (
N: SZ+ng1+gmlgm2
n C1 C1Co
gmigm2
Mpp C1Co
=— Gt 10)
i 2, . gmi gmigm2 (
Nin s2+s5— o +—C1C2
gmlgm2
C1C;
and
mlcC
Q, = MG (12)

gm2C;

When replacing gm with /Kl into Equations (11)

and (12)
1
we = |KaKelBi1By)? (13)
0 C1Cy

(K11B1)Cy
(K21B3)Cz

Qo = (14)

From the equations wo and Qo, the pole frequency
values, and the quality factor values can be adjusted
electronically. Moreover, the ratio, if the current
values Ip1 and Iz are given constant, the pole
frequency can also be adjusted. At the same time, if a
high Q value is desired, this can be done by giving C:
more than C2z and BW can be obtained as in equation

(15).
BW =%0= /—ch’fl (15)

2.4. The sensitivity of the presented circuits

The sensitivity value of the presented frequency filter
circuit is obtained by equations (16) and (17).

SHI =S5 =05 .Sk, =S =-05 (16)
and
Se0 =8% =-05, %, =S4 =-05 (17)

The sensitivity of all active and passive devices must
always be equal to or less than 1.

3. Simulation Results

To confirm the performance of the presented circuit,
the operation of the circuit was simulated with the LT-
Spice program for the PaMOS and NMOS transistors
used to simulate the operation of the circuit, using the
parameters of the company TSMC CMOS with 65 nm
technology. [20]

Figure 4 shows the internal structure of OTA by the
conditions of this simulation. The supply of the circuit
is #0.2V. The resistance at the circuit load is equal to 2
ohms. Capacitor values C1=Cz=2nF and Is1=Is2=10nA
will obtain a pole frequency of 6MHz from the
simulation.
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Figure 4. Internal structure of 0TA

As a result of Figure 5, let's try to do the task of
frequency response of a general-purpose filter circuit.
KHN with MO-OTA to clearly demonstrate the
simulation results of the circuit, low-pass filtering,
high-pass filtering, and band-pass filtering. In the
structure of the presented circuit, it has not changed,
and in the operating condition there is a power
consumption of 298uW, as Figure 6 shows the
frequency response in dB threshold form in the
frequency range. 100KHz-100MHz.

Figure 7 shows the response of the bandpass filtering.
From adjusting IB1=25nA, 60nA, 125nA to IB2=25nA,
it was found that the pole frequency value
corresponds to the value obtained from the calculation
in Equation (12), and the calculation results are
consistent and can be practically applied. In Figure 8.

The frequency response was demonstrated by giving
IB1=IB2, which adjusted the values of 25nA,
60nA,125nA, resulting in the pole frequency values
consistent with the values obtained from the
simulation, namely the polarity values of 6.104MHz,
7.8071MHz and 8.991MHz, respectively. It was found
that the adjustment of the current IB1=IB2 causes
Bandwidth and polarity change accordingly and have
no effect on the quality factor value and THD= 2.1%.

=]
<

o
o

Cument Gain (nay

=
T

1.0
Frequency (Hz)
Figure 5. Frequency response effect of the filter circuit
presented
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OIB1=25n4
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Figure 7. Response effect of bandpass filtering by adjusting
IB1=25nA, 60nA, 125n4, and IB2=25nA

‘ O Ig=Ip=25nA ’
V Ig=Igp=60nA
‘ © Ig=Ig=125nA ‘
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Figure 8. Response effect of bandpass filtering by setting
IB1=IB2 to be equal to 25n4, 60nA, and 125nA

300K 1.0M

4. Discussion and Conclusion

A study was done on a multi-purpose universal filter
circuit in KHN current mode which employed a
multiple-output operational transconductance
amplifier (DO-OTA). This circuit can also be used as an
integrated circuit (IC) as it was designed to function
with two grounded capacitors. Its ability to
independently adjust the pole frequency without the
need for additional resistors or components that are
floating-mounted is one of this circuit's unique
features. Better flexibility and control over its usage
are made possible by the suggested circuit, which
permits electrical modification of the pole frequency
and quality factor value.

The LT-Spice program's simulation results were
discovered to be closely consistent with theoretical
predictions. With its low consumption of 298uW and
need for a supply voltage of £0.2V, this circuit is a cost-
effective option for various electrical uses. When used
with a DO-OTA, KHN current mode enhances
performance and versatility in frequency filtering
applications.

The research study focuses on the potential and
viability of incorporating the proposed multi-purpose
frequency filter circuit into integrated circuit designs.
Changeable pole frequency and low power
consumption are two of the circuit's unique features
that make it a desirable option for a range of electronic
systems that need accurate frequency filtering. The
study highlights how innovative circuit designs
contribute to the advancement of electrical technology
and enhance performance across a range of
applications.
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Keywords Abstract: This study proposes a new goodness-of-fit test based on the empirical
GOOd'n.eSS O.ffit'tesﬁsn distribution function for complete or type Il right-censored random samples,
Empirical distribution, which are drawn from either the exponential or log-normal distributions. Some
Type Il right censoring,

simulation studies were conducted to compare the newly proposed test with some
of the well-known goodness-of-fit tests, such as Kolmogorov-Smirnov, Cramer-von
Mises, and Anderson-Darling, in terms of power over various sample sizes and
censoring rates. The simulation results show that the newly proposed goodness of
fit test generally seems to perform well compared to the other goodness of fit tests
considered. In addition, the newly proposed test and the other goodness of fit tests
are illustrated by applying them to some real data sets obtained from the relevant
literature.

Scale family,
Location-scale family

Tam ya da II Tiir Sagdan Durdurulmus Orneklemler icin Yeni Bir Uyum lyiligi Testi

Anahtar Kelimeler Ozet: Bu calismada, iistel veya log-normal dagilimlardan alinan tam veya II. tiir
Uyum iyiligi testleri, sagdan durdurulmus rastgele érneklemler icin deneysel dagilim fonksiyonuna
Deneysel dagilim fonksiyonu,  qayal; yeni bir uyum iyiligi testi 6nerilmektedir. Yeni énerilen uyum iyiligi testi
gl;;lli Z?lii?n durdurma Kolmogorov-Smirnov, Cramer-von Mises ve Anderson-Darling gibi iyi bilinen bazi
Konum-blgék ailesi uyum iyiligi testleri ile c¢esitli 6rneklem biiyiiklikleri ve durdurma oranlari
iizerinde gii¢ agisindan karsilastirmak icin bazi simiilasyon ¢alismalar: yapilmistir.
Similasyon sonuglari, yeni 6nerilen uyum iyiligi testinin, dikkate alinan diger
uyum iyiligi testlerine kiyasla genel olarak iyi performans gdsterdigini ortaya
koymaktadir. Ayrica, yeni 6nerilen uyum iyiligi testi ve diger uyum iyiligi testleri,
ilgili literatiirden elde edilen bazi gerc¢ek veri setlerine uygulanarak gésterilmistir.

1. Introduction of-fit tests have been proposed. One of the most

popular approaches is based on empirical
For several reasons, such as the physical constraints distribution functions, i.e. EDF-based goodness-of-fit
and cost, data in reliability and life testing studies are tests. Kolmogorov-Smirnov by [1] and [2], Cramer-
generally censored. Consequently, statistical analyses von Mises by [3] and [4], and Anderson and Darling
are usually performed on censored data. In [5] are some of the well-known examples of this type
particular, it is important to the fit of a family of of goodness-fit tests. Kuiper and Watson tests by [6]
probability distributions to data in parametric and [7] are other examples of EDF based goodness-
analyses when the data are censored. The problem of-fit tests. These tests essentially measure some kind
can be expressed as follows. Let X denote the random of discrepancy between the empirical distribution
variable with the distribution function F and function F,, and the theoretical distribution function
X4,X,, ..., X, a random sample from the distribution Fy [8]. While some tests such as Kolmogorov-Smirnov
and X;., < X, < -+ < X,.,, the corresponding type 11 consider absolute distance between the two
right censored random sample with censoring rate functions, some tests such as Cramer-von Mises
p = r/n. Then the hypothesis of interest is as follows: consider the square distance.

Hy: F € {Fy} versus H,:F & {Fp}, (D Goodness of fit tests based on EDF statistics have
where {Fy}is a parametric family of distributions been discussed for complete and censored samples in
indexed by 8 € ® € RF. To deal with the problem, various works in the literature. Some of the works
or its simpler version claiming that the data come include: [8], [9], [10], [11], [12], [13], [14], [15], [16],
from a fully specified distribution, several goodness- [17],and [18].
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Since goodness-of-fit tests is a commonly used
statistical tool in scientific research in many
disciplines, the effort to improve existing goodness-
of-fit tests or develop new ones continues. Some of
the works in this direction are as follows: [19], [20],
[21],[22], [23], [24], [25], and [26].

In this study, a new goodness-of-fit test, which we
will call W), is introduced in the cases of
uncensored and Type II right censored samples
coming from either the exponential or log-normal
distribution. Then, the power performance of the
newly proposed test compared to some of the EDF
type goodness-of-fit tests is investigated through
simulation studies for some scale or location-scale
families. The goodness-of-fit tests considered are the
following: Kolmogorov-Smirnov, Kuiper, Cramer-von
Mises, Watson and Anderson-Darling tests.

The rest of the paper is organized as follows. In
Section 2, the new goodness-of-fit test is first
introduced. Then, in the same section, the settings of
the simulation studies to be performed are explained
before describing some real data sets used to
illustrate the new goodness-of-fit test as well as the
other tests considered. Section 3 presents the results
of the comparisons from the simulation studies as
well as the results obtained from applying the
methods to the data sets. Finally, some discussion
and concluding remarks are given in Section 4.

2. Material and Method

In this section, a new goodness-of-fit test is proposed
for the cases of both complete and Type II right
censored samples from the exponential distribution,
a scale family, or the log-normal distribution, a log
location-scale family. Let Xy, X,, ..., X, be a random
sample from such a distribution F and X;., < X,., <
-+ < X,.., the corresponding type II right censored
sample.

The parameters of the distribution F are to be
estimated from the sample. Since the parameters are
unknown, the sample U,, U,, ..., U, from the uniform
(0,1) distribution or the corresponding type Il
censored sample U;., < U,., < -+ < U,., cannot be
obtained by using the probability integral
transformation U; = F(X;). However, by replacing the
parameters with their estimates in F, ie. U =
Fp(X;), the sample U, Uj, .., Uy and the
corresponding type Il censored sample U;,,, < U;., <
- < Uy, are formed. The sample U;, Us, ..., U, will
not be a sample from the uniform distribution [8]. In
such a case, the critical values of EDF test statistics
will generally depend on the family of distributions,
the parameters, the method of estimation and the
sample size [8]. However, for scale or location-scale
families of distributions, the critical values do not
depend on the true values of the parameters but the
sample size n and the specific family of distributions.
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The well-known Cramer-von Mises test is based on
the quadratic distance between the empirical
distribution function and the theoretical distribution,
giving equal weight to all parts of the distribution as
in (2).

W2 =n [% (F,(x) — F(x)}*dF(x) (2)
On the other hand, the Anderson-Darling test,
another well-known test based on the square

distance, emphasizes the tails of the distribution by
using the weights as in (3).

1
F()[1-F(x)]

A2 =n [ {F,(x) - FOY { JaFr)  (3)
Unlike the two tests, the Watson test uses the
following type of difference between F,(x) and F(x)

asin (4),

U2 = n[” {Fy(x) - F(x) —

w 2 (4)
- [FaGOF(O1AF ()} dF (%)

The idea behind the new goodness-of-fit test can be
explained as follows. Unlike the three tests, this paper
proposes a goodness-of-fit test that takes into
account both the quadratic and absolute differences
between the empirical distribution and the
theoretical distribution functions. The explicit
formula for the new test Wy, is expressed in (5):

Wik = [n{J", [Fa®) — FG)]? dF(x) —

w (5)
Jo [Fa(x) = F)IAF(x)}]

In addition, the proposed test is similar to the Watson
test; thus, it can be considered as another
modification of the Cramer von-Mises test.

Table Al. and Table A2. in Appendix show the
simulated critical values of some of the EDF tests for
the exponential and log-normal distribution families,
respectively, over various sample sizes and Type II
censoring rates for « = 0.05 over 100000 replicates.

In the following subsections, when introducing the
new goodness of fit test, the notation U, U,,...,U,
and U,.,, < Uy, <+ < U,,, are used for complete
and type II censored samples, respectively, instead of
vy, u;,..,U, and U{,<U;,<--<U;, for
simplicity.

2.1. Type Il right censored case

Since the expression of the new test statistic is very
similar to that of the Watson test statistic, the
computational formula for the new test is easily
derived from that of the Watson test. Recall the
formula for the Watson test statistic for the Type II
right-censored data,
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r Urn

UZ, = WZ, — Uy, [ - Yo - 0 (6)

— U,
where U =Y, ‘r'“

and W7, denotes Cramer-von

Mises goodness-of-fit test statistic for the Type II
right-censored data. By making the necessary
changes in (6), the modified statistic Wakwm is obtained
asin (7).

(7)
where U is defined as in (6).
2.2. Complete sample case

The new test for the full sample case is again
obtained by modifying the original Watson test for
the case of Type II censored case. In other words, a
complete sample is considered as if it were a Type II
censored sample and then the statistic in (8) is
proposed as a new modification of the Watson
statistic:

— 2 Un:n U
WAKM - | Wn,n — Ny Un:n (1 T Un:n)
where U =Y, U:{" and WZ, is the statistic of

Cramer-von Mises test for the Type II right-censored
data with r replaced by n:

)

(8)

2i-1

(Ui =55

2.3. Settings of simulation study

n
i=1

2 1
Wr%,n = ) + 1zn +§(Un:n - 1)3 (9)

The power performance of some of the well-known
goodness-of-fit tests based on EDF are compared
with that of the goodness-of-fit test proposed in this
study through simulations.

The setting of the simulations can be explained as
follows. First, the hypothesis testing problem to be
considered is that the random sample is drawn from
a specified family of location-scale distributions, as
indicated below.

Hy: The relevant random sample X;, X,, ..., X,, or the
Type II right censored sample Xi.,, Xo.4, ) X
comes from the specified family of scale or location-
scale distributions.

H,: The relevant random sample X;, X5, ..., X,, or the
Type II right censored sample Xi.,, X5, -, Xpn
comes from another specified family of distributions.

The samples of size n = 10, 20,30,40,50 and 100
were generated as either complete or Type II right
censored with censoring rates p= % =
0.20,0.40,0.60,0.80, and 1.00 from the hypothesized
distributions in H,. Then, the pseudo-random sample
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is considered as if it came from the distribution
specified in Hy and the parameters, in turn, the U; =
F(X;) is estimated to obtain the “uniform” sample
Ui, U,, ..., U, or the corresponding Type II right-
censored data Uy.p,, Uz, -e ) Uy

Finally, the relevant statistics for the goodness-of-fit
tests are computed and the decision is made to reject
or not reject the null hypothesis H,. The simulated
power of the tests are obtained for a = 0.05 over
25000 replicates for each case. For each test, the ratio
of the number of rejections to the number of
repetitions, namely 25000, gives the simulated power
for that particular case.

The simulations treat the parameters as if they were
unknown. Therefore, they are estimated by the
method of maximum likelihood. The corresponding
estimates are obtained using the R computing
environment via the package fitdistriplus, using the
functions fitdistr and fitdistcens for complete and
Type Il right censored samples are used, respectively.
In some cases, the estimates cannot be obtained
because of the convergence problems associated with
the algorithms for finding maximum likelihood
estimates, especially when testing the log-normal
distribution against the alternative distributions
when the sample size n is 10 and the censoring rate is
0.20. Such cases are omitted from the simulations.

Regarding the precision of the rejection rates, with
25000 replicates, the largest possible standard error
for the rejection rate is

,0.5(1—0.5) _
25000
Therefore, an approximate 99% confidence interval
for the proportion of rejections is formed as the
simulated power value+3(0.0032), i.e., the simulated
power value +0.00964. This means that if any two
simulated power values associated with any two tests
for a situation differ by more than 0.01 for a situation,
the power of the two tests for that special case are
statistically different at the a = 0.01 significance
level. Note that all computations in this study are
performed using computer programs of R code
developed specifically for this study.

0.0032 (10)

The formulae for the goodness of fit tests considered
in the case of the complete sample are as follows.

The Kolmogorov-Smirnov test statistic is defined as
D = max(D*,D™) where,
— 2)
n

By using (11) Kuiper test statistic is expressed as V =
D* + D™. As for the Cramer-von Mises test statistic, it
is as follows:

D* = max; (i — Ui:n> D~ = max; (Ui:n (11)
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2i-1)2 1

_ - 12
2n } t 12n ( )
Next, the test that is closely related to the Cramer-von

Mises test, namely the Watson test has the following
test statistic

WZ in=1 {Ui:n

2 _ w2 _ (7 L)
v?=w?-n(0-2) (13)
where U = Z{‘zl%. Finally, the Anderson-Darling
test has the test statistic of the form in (14).

1 :
?:1(21 - 1){In(Ui:n) +

14
- Un+1—i:n)} ( )
In all of the above formulas U;.,, = F(X;.,) denotes the
ith order statistic for a random sample size of n from
the uniform distribution over (0, 1). In the case of the
type Il censored samples, the statistics for these EDF
tests are expressed as follows.

First, the test statistic for the Kolmogorov-Smirnov
testis

i i-1
Dr,n = max {; - Ui:n ) Ui:n - T}

1<isr

(15)
Then, that of the Cramer-von Mises test is as follows:
r (U _ 21-1)2 L
i=1{Min oy 12n2

2 (U= 1)

Next, the Watson test has the statistic of the following
formin (17):

WZ
i (16)

r Urin

= 12
. U
UE,n = Wrz,n - rlUr:n [H - T - n;ﬁ] (17)

Ui:n

where U =Y, . Finally, the Anderson-Darling
test uses the statistic in (18).

Ay =—2%0,2i— 1) [InUpy—In{l -

1
Ui:n}] -2 Z?:l In {1 - Ui:n} - ; [(T -
n)z In{1—-U.,}— r?In Upn + nzUr:n]

(18)

In the simulations, the exponential and log-normal
distributions are considered as the null distributions.
Since the log-normal distribution is not directly a
location-scale distribution, the simulated
observations from these distributions are
transformed using the natural logarithm to obtain a
location-scale distribution, namely the normal
distribution. Therefore, all computations including
the critical values of the goodness-of-fit tests related
to the log-normal distribution were performed on the
normal distribution.
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The alternative distributions considered are
exponential, Weibull, gamma and log-normal. With
this choice of the distributions, constant, increasing,
decreasing and non-monotonic hazard functions are
employed as alternatives. The specific distributions
for the null and alternative hypotheses are shown in
Table 1. The values of the parameters are chosen so
that the mean lifetimes for the null and alternative
distributions are approximately equal. The critical
values do not depend on the specific chosen
parameter values, because they are computed after
the transformation to location-scale distribution in
the case of the log-normal distribution. The same is
true for the exponential distribution because it is a
scale family of distributions.

2.4. Some real data sets

In order to illustrate the newly proposed goodness of
fit test Wygy in comparison to some well-known
goodness of fit tests, some data sets from the
literature have been used.

The first data set we consider consists of the times of
successive failures of the air conditioning system of
each member of a fleet of Boeing 720 jets, given by
[27]. The flight hours between 30 failures on aircraft
7912 are as follows.

23,261,87,7,120, 14, 62,47, 225,71, 246, 21, 42, 20,
5,12, 120, 11, 3, 14, 71, 11, 14, 11, 16, 90, 1, 16, 52,
95

In [27] it is stated that the distribution from which
the data come from is the exponential distribution.

The second data set we consider is from [29] and
contains the following 20 failure times in hours of
electronic parts of equipment [28].

154, 419, 590, 603, 770, 845, 848, 891, 899, 953, 954,
982,1044,1059,1126,1127,1294, 1678, 1831, 1847

Furthermore, the Weibull distribution is assumed to
be an appropriate model to describe the data in [29].

The third data set we consider is given by [31] and it
consists of 23 observations representing the number
of millions of revolutions before failure for 23 ball
bearings in a life test [30]. The data are as follows.
17.88, 28.92, 33.00, 41.52, 42.12, 45.60, 48.80, 51.84,
51.96, 54.12, 55.56, 67.80, 68.44, 68.64, 68.88, 84.12,
93.12,98.64,105.12,105.84, 127.92, 128.04, 173.40

Furthermore, this data set is found to be a good fit to
the log-logistic distribution [30]. In this study, the
first 20 observations of the data are used in the
goodness-of-fit tests.

Finally, the fourth data set we consider is provided by
[32] and gives the average duration of hypopnea in
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seconds for 25 subjects with obstructive sleep apnea,
which is also analyzed in [33].

14.7,17.8,16.5,17.7, 285, 18.1, 32.2, 27.6, 22.3, 31.8,
22.0,23.1, 31.6, 184, 28.3, 16.5, 21.8, 23.7, 27.6, 17.2,
20.0,20.6,19.0,18.7,19.2

Furthermore, the log-normality of the data cannot be
rejected [33]. In this study, the first 20 observations
of the data are considered in the goodness-of-fit tests
performed.

3. Results

The simulation results of performance comparisons
of some common EDF goodness-of-fit tests are
presented in Tables 2. through Table 5. In these
tables, KS stands for Kolmogorov-Smirnov test; K,
Kuiper test; CVM, Cramer-von Mises test; W, Watson
test; AD, Anderson-Darling test; Wakm, the new test
proposed in this paper.

In addition, in the cases where the new test Wakm
provides an improvement in performance over the
other tests, the “increase%” column is added to the
tables to quantify the improvement. This column
shows the percentage increase in power between the
test Wakm and the test that is closest in power to the
test Wakwm.

increase%
the power of W ggp—the closest power to that of W axkm

x 100

the closest power to that of W 4xm

In this section, the families of exponential
distribution and log-normal distributions are
hypothesized under the null hypothesis H, versus
Weibull, gamma, exponential and log-normal

distributions under the alternative hypothesis H,.

Table 2. shows the simulation results for testing the
exponential distribution against the Weibull
distribution with increasing hazard function.
According to Table 2., the following comments can be
made:

First, when the sample size n is 10, the
power of all goodness-of-fit tests for all
censoring rates is low. Among these low
power values, the power of the Wakm test is
higher than the power of the other tests
when the censoring rate p is 0.60 and 0.80
and for the full sample case. Furthermore, in
terms of power, the Wakm test is followed by
the CVM and KS tests in these cases.
Similarly, KS, CVM and Wakm tests are

observed as the most powerful tests when
the censoring ratio p is 0.20 and 0.40.

For sample sizes n=20 and n=30 and
censoring ratiop = 0.40 and as well as for
the full sample case, the power performance
of the Wakw test is better than the other tests.
Moreover, the CVM, KS and AD tests are
remarkable in terms of power in these cases
after the Wakm test. In addition, the
percentage power increase provided by the
Wakm test tends to be higher when the
sample size n is 20 than when the sample
size n is 30. Finally, when the censoring rate
p is 0.20, the Wakm, CVM and KS tests are
more powerful than other tests.

The Wakm test outperforms the other tests
for sample sizes n of 40 and 50, for all
censoring rates, and for the full sample case.
Other tests for the magnitude of power that
stand out under the same cases are the CVM
and AD tests. The percentage power
improvement provided by the Wakm test in
these cases tends to decrease with increasing
sample size.

The Wakwm test has slightly the highest power
when the sample size n is 100 and the
censoring ratios p’s are 0.20, 0.40 and 0.60.
Moreover, the closest power performance to
Wakm comes from CVM and AD tests. When
the censoring ratio p is 0.80, the tests with
the highest power are the Wakm, AD and CVM
tests. For the complete sample case, all tests
are very close to a power of almost 1

In this paper, simulation results are not given for the
following two cases due to the low power or no
significant improvement in power provided by the
proposed Wakm test: (i) the case of exponential

distribution versus gamma distribution with
decreasing hazard function and (ii) the case of
exponential  distribution  versus  log-normal
distribution.

The simulation results for testing the log-normal
distribution against the Weibull distribution with
increasing hazard function are presented in Table 3.
From Table 3, the followings can be said:

As expected when the sample size n is 10, the
power of all goodness-of-fit tests is very low
for all censoring rates and for the full sample
case. The best performance comes from the
Waku test when the censoring ratio p is 0.60,

Table 1. The distributions for the null and alternative hypotheses in the simulations

Distributions for Hy Hazard Function

Distributions for H,
Exponential (1) Lognormal (0, 0.7)

Weibull (1.5, 1.1)
Gamma (0.5, 0.7)

increasing
decreasing

v v
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Exponential (1)
Log-normal (0, 0.7)

constant
non-monotonic

v

Table 2. Simulated power values for exponential distribution against the Weibull distribution with increasing hazard
function (25,000 repetitions)

n p KS K CVM w AD Wakm Increase%
0.20 0.0766 0.0474 0.0764 0.0089 0.0390 0.0755 None
0.40 0.1118 0.0568 0.1192 0.0144 0.0700 0.1289 None
10 0.60 0.1364 0.0788 0.1472 0.0222 0.0911 0.1896 28.8
0.80 0.1684 0.1245 0.1776 0.0444 0.1216 0.2485 39.9
1.00 0.2128 0.2050 0.2481 0.2206 0.1854 0.3540 42.7
0.20 0.1126 0.0516 0.1248 0.0282 0.0757 0.1282 None
0.40 0.1617 0.0804 0.1870 0.0372 0.1349 0.2239 19.7
20 0.60 0.2304 0.1430 0.2564 0.0665 0.2110 0.3387 32.1
0.80 0.2916 0.2340 0.3326 0.1276 0.2860 0.4612 38.7
1.00 0.3979 0.3703 0.4857 0.4076 0.4440 0.6154 26.7
0.20 0.1450 0.0608 0.1627 0.0383 0.1088 0.1753 None
0.40 0.2252 0.1214 0.2590 0.0636 0.2099 0.3125 20.6
30 0.60 0.3098 0.2126 0.3593 0.1183 0.3295 0.4592 27.8
0.80 0.4247 0.3540 0.4888 0.2208 0.4599 0.6112 25.0
1.00 0.5666 0.5278 0.6722 0.5717 0.6518 0.7941 18.1
0.20 0.1718 0.0758 0.1974 0.0508 0.1425 0.2236 13.3
0.40 0.2862 0.1599 0.3258 0.0984 0.2927 0.3920 20.3
40 0.60 0.3994 0.2911 0.4714 0.1780 0.4514 0.5710 211
0.80 0.5385 0.4756 0.6230 0.3330 0.6118 0.7384 18.5
1.00 0.7046 0.6712 0.8125 0.7120 0.8068 0.9011 10.9
0.20 0.1977 0.0852 0.2308 0.0604 0.1794 0.2637 14.2
0.40 0.3426 0.2076 0.4055 0.1330 0.3760 0.4679 15.4
50 0.60 0.4933 0.3740 0.5665 0.2426 0.5596 0.6562 15.8
0.80 0.6488 0.5861 0.7402 0.4373 0.7387 0.8358 12.9
1.00 0.8107 0.7776 0.8998 0.8158 0.9016 0.9559 6.0
0.20 0.3343 0.1638 0.3960 0.1250 0.3584 0.4380 10.6
0.40 0.5862 0.4229 0.6712 0.3123 0.6844 0.7323 7.0
100 0.60 0.7999 0.7148 0.8699 0.5704 0.8882 09111 2.6
0.80 0.9284 0.9087 0.9679 0.8287 0.9747 0.9853 None
1.00 0.9878 0.9828 0.9974 0.9888 0.9984 0.9994 None

0.80, followed by the KS, AD and CVM tests.
For a censoring rate of p=0.40, the power
ranking is Wakm, CVM, KS and AD tests. Also,
the most powerful tests after Wakum are the
AD and CVM tests for the full sample case.

The Wakm test is superior to the other tests in
terms of power when the sample size n is 20
and 30, and for all censoring rates except p =
0.20. In the same cases, the performance of
the AD and CVM tests follows the
performance of the Waxkm test. In addition, for
a censoring rate of p=0.20, the most
powerful tests for sample sizes of 20 and 30
are the Wakm, CVM, and AD tests.

The Wakm test has the best power
performance among the other tests when the
sample size n is 40, 50, and 100 and for all

censoring rates. The next good performance
comes from the AD and CVM tests.

The increase in percent power delivered by
the Wakwm test in Table 3 is typically higher
than that in Table 2.

Table 4. gives the simulation results for testing the

log-normal

distribution  versus the gamma

distribution with decreasing hazard function. The

following points can be made from Table 4:

Again low powers are obtained for all tests
and all censoring ratios when the sample size
n is 10. The Wakm test exceeds the other tests
with respect to power for censoring ratios of
0.60 and 0.80. The same is true for the
complete sample case.

Table 3. Simulated power values for the log-normal distribution against the Weibull distribution (25,000 repetitions)

n

p KS K

CVM

w AD Wakm Increase%

0.40 0.0672 0.0554

0.0687

0.0491 0.0664 0.0774 None
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10 0.60 0.0774 0.0505 0.0743 0.0440 0.0771 0.1116 44.2
0.80 0.0955 0.0709 0.0860 0.0486 0.0927 0.1591 66.6
1.00 0.1169 0.1086 0.1317 0.1209 0.1392 0.2351 68.9
0.20 0.0671 0.0582 0.0688 0.0558 0.0650 0.0704 None
0.40 0.0844 0.0587 0.0854 0.0529 0.0908 0.1224 34.8
20 0.60 0.1052 0.0713 0.1052 0.0555 0.1180 0.1886 59.8
0.80 0.1391 0.1056 0.1398 0.0730 0.1547 0.2892 86.9
1.00 0.1975 0.1811 0.2414 0.2127 0.2660 0.4440 66.9
0.20 0.0705 0.0569 0.0767 0.0526 0.0762 0.0898 None
0.40 0.0978 0.0656 0.1046 0.0571 0.1154 0.1593 38.0
30 0.60 0.1406 0.0952 0.1435 0.0736 0.1669 0.2550 52.8
0.80 0.1930 0.1566 0.2069 0.1166 0.2278 0.3870 69.9
1.00 0.2847 0.2613 0.3505 0.3035 0.3902 0.6015 54.1
0.20 0.0819 0.0600 0.0872 0.0574 0.0871 0.1073 231
0.40 0.1189 0.0772 0.1249 0.0668 0.1347 0.1924 42.8
40 0.60 0.1664 0.1150 0.1810 0.0932 0.2040 0.3064 50.2
0.80 0.2387 0.1975 0.2633 0.1520 0.2882 0.4766 65.4
1.00 0.3656 0.3348 0.4538 0.3886 0.5027 0.7087 41.0
0.20 0.0877 0.0638 0.0954 0.0617 0.0958 0.1221 27.5
0.40 0.1270 0.0799 0.1419 0.0738 0.1568 0.2202 40.4
50 0.60 0.1975 0.1407 0.2196 0.1184 0.2443 0.3641 49.0
0.80 0.2882 0.2475 0.3290 0.1942 0.3547 0.5558 56.7
1.00 0.4350 0.4038 0.5392 0.4623 0.5930 0.7911 25.0
0.20 0.1135 0.0750 0.1261 0.0723 0.1306 0.1687 29.2
0.40 0.1957 0.1249 0.2325 0.1216 0.2520 0.3374 339
100 0.60 0.3308 0.2561 0.3886 0.2217 0.4221 0.5635 335
0.80 0.5090 0.4894 0.5982 0.4198 0.6263 0.8020 28.1
1.00 0.7258 0.7087 0.8414 0.7680 0.8845 0.9660 9.2

Table 4. Simulated power values for the log-normal distribution against the gamma distribution (25,000 repetitions)

n p KS K CVM w AD Wakm Increase%
0.40 0.0746 0.0576 0.0747 0.0520 0.0730 0.0877 None
10 0.60 0.0969 0.0600 0.0899 0.0477 0.0969 0.1440 48.6
0.80 0.1198 0.0872 0.1076 0.0522 0.1186 0.2144 76.5
1.00 0.1670 0.1582 0.1967 0.1784 0.2089 0.3458 65.5
0.20 0.0686 0.0593 0.0721 0.0554 0.0682 0.0751 None
0.40 0.0999 0.0622 0.1016 0.0548 0.1081 0.1504 39.1
20 0.60 0.1458 0.0914 0.1508 0.0676 0.1662 0.2595 56.1
0.80 0.2077 0.1639 0.2199 0.1095 0.2375 0.4073 71.1
1.00 0.3186 0.3086 0.4001 0.3546 0.4379 0.6342 44.8
0.20 0.0748 0.0602 0.0805 0.0550 0.0804 0.0937 None
0.40 0.1213 0.0772 0.1350 0.0674 0.1433 0.2024 41.2
30 0.60 0.1945 0.1345 0.2088 0.1019 0.2345 0.3524 50.3
0.80 0.2996 0.2577 0.3312 0.1850 0.3524 0.5543 57.3
1.00 0.4598 0.4576 0.5716 0.5106 0.6239 0.8078 29.5
0.20 0.0858 0.0650 0.0940 0.0626 0.0955 0.1174 229
0.40 0.1472 0.0895 0.1612 0.0790 0.1720 0.2481 44.2
40 0.60 0.2470 0.1726 0.2759 0.1357 0.3025 0.4358 44.1
0.80 0.3891 0.3470 0.4377 0.2642 0.4616 0.6776 319
1.00 0.5823 0.5837 0.6990 0.6338 0.7531 0.8964 19.0
0.20 0.0973 0.0664 0.1054 0.0652 0.1060 0.1386 30.8
0.40 0.1690 0.1023 0.1890 0.0918 0.2030 0.2853 40.5
50 0.60 0.2940 0.2168 0.3360 0.1761 0.3631 0.5132 41.3
0.80 0.4624 0.4285 0.5279 0.3327 0.5505 0.7606 38.2
1.00 0.6772 0.6897 0.8019 0.7367 0.8498 0.9464 11.4
0.20 0.1294 0.0838 0.1467 0.0820 0.1518 0.2016 32.8
0.40 0.2802 0.1830 0.3308 0.1735 0.3512 0.4564 30.0
100 0.60 0.5054 0.4208 0.5853 0.3645 0.6110 0.7557 23.7
0.80 0.7504 0.7574 0.8319 0.6569 0.8454 0.9513 12.5
1.00 0.9383 0.9498 0.9821 0.9627 0.9911 0.9985 None
o The Wakum test outperforms the other tests in same applies to the full sample case. The AD
terms of power for all censoring ratios, but and CVM tests come after the Wakm test in
p=0.20 for sample sizes n of 20 and 30. The power performance in all cases. In addition,
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Wakm, CVM, KS, and AD at n=20 and Wakw,
CVM, and AD at n=30 are the most powerful
tests for p=0.20. Again, as the sample size
increases, the percentage increase in power
due to Wakm tends to decrease.

For sample sizes of 40 and 50 and for all
censoring ratios, including the full sample
case, Wakm has the greatest power among the
tests. The AD and CVM tests follow the Wakm
test in terms of power.

When the sample size n is 100 and for all
censoring ratios except the full sample case,
the tests with the highest power are, in
order, Wakm, AD, and CVM. In the full sample
case, all tests have high powers, but the
powers of Wakm, AD, and CVM are much
closer to 1 compared to the others.

The simulation results for testing the log-normal
distribution versus the exponential distribution are
given in Table 5. The following comments can be
made from Table 5:

Wakm dominates the other tests in terms of
power when n=10 with censoring ratios
p=0.60 and 0.80. The same is true for the full
sample case. In the case of p=0.40, the Waxwy,
KS, CVM and AD tests perform best.

For sample sizes n of 20, 30, and 40, and for
all censoring ratios except p=0.20, Wakm has
better power than other tests. The AD and
CVM tests have highest power performance
after the Wakm test. Additionally, in the case
of p=0.20, the Wakm, CVM, AD and KS tests
perform best.

For sample sizes of 50 and 100 and for all
censoring ratios, including the full sample
case, Wakm has the highest power of the tests
considered. The second best performance
comes from the AD and CVM tests.

There appears to be a general trend of a decrease in
the percentage increase in power in Tables 2 through
5 as the sample size increases. This is due to the fact
that power tends to increase in magnitude as the
sample size increases.

Table 5. Simulated power values for the log-normal distribution against the exponential distribution (25,000 repetitions)

n p KS K CVM w AD Wakm Increase%
0.40 0.0675 0.0551 0.0669 0.0508 0.0650 0.0743 None
10 0.60 0.0790 0.0521 0.0713 0.0427 0.0768 0.1137 439
0.80 0.0912 0.0671 0.0828 0.0449 0.0899 0.1578 73.0
1.00 0.1145 0.1067 0.1292 0.1180 0.1366 0.2365 73.1
0.20 0.0677 0.0595 0.0692 0.0581 0.0669 0.0709 None
0.40 0.0828 0.0577 0.0846 0.0523 0.0904 0.1219 34.8
20 0.60 0.1070 0.0708 0.1068 0.0565 0.1213 0.1902 56.8
0.80 0.1422 0.1105 0.1435 0.0758 0.1591 0.2932 84.3
1.00 0.1982 0.1771 0.2391 0.2077 0.2635 0.4356 65.3
0.20 0.0721 0.0592 0.0732 0.0532 0.0752 0.0866 None
0.40 0.0985 0.0679 0.1034 0.0574 0.1149 0.1596 38.9
30 0.60 0.1385 0.0932 0.1424 0.0734 0.1654 0.2562 54.9
0.80 0.1889 0.1560 0.2042 0.1160 0.2266 0.3867 70.7
1.00 0.2818 0.2579 0.3494 0.2990 0.3908 0.5976 529
0.20 0.0825 0.0604 0.0861 0.0598 0.0856 0.1060 None
0.40 0.1124 0.0724 0.1220 0.0648 0.1355 0.1942 433
40 0.60 0.1654 0.1138 0.1817 0.0920 0.2050 0.3070 49.8
0.80 0.2398 0.2004 0.2667 0.1594 0.2907 0.4776 64.3
1.00 0.3626 0.3362 0.4516 0.3910 0.5005 0.7042 40.7
0.20 0.0881 0.0611 0.0937 0.0597 0.0949 0.1214 279
0.40 0.1311 0.0832 0.1449 0.0754 0.1574 0.2202 39.9
50 0.60 0.1964 0.1388 0.2181 0.1163 0.2432 0.3596 479
0.80 0.2880 0.2490 0.3244 0.1963 0.3486 0.5520 58.3
1.00 0.4288 0.4046 0.5360 0.4620 0.5940 0.7864 324
0.20 0.1110 0.0754 0.1258 0.0721 0.1329 0.1700 279
0.40 0.1992 0.1314 0.2328 0.1235 0.2550 0.3396 33.2
100 0.60 0.3276 0.2550 0.3848 0.2219 0.4200 0.5613 33.6
0.80 0.5058 0.4856 0.5886 0.4156 0.6183 0.8021 29.7
1.00 0.7294 0.7112 0.8434 0.7701 0.8878 0.9685 9.1

Table 6. The goodness of fit of the data sets to the exponential distribution for some tests at the significance level of a=0.05.
(0: non-reject; 1: reject)

Data Sets p KS K CVM '\ AD Wakm
0.20 0 0 0 0 0 0
0.40 1 0 0 0 0 0
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1.00

Dataset 1
by [27]

0.20
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Data set 2
by [29]

0.20
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0.60
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1.00

Data set 3
by [31]
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Data set 4
by [32]
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Finally, in order to illustrate the goodness of fit tests,
each of data sets presented in Section 2.4 are Type Il
right censored by using the following censoring rates:
p=r/n=0.20,0.40,0.60,0.80, and 1.00. Then their
goodness of fit to an exponential distribution is tested
at the critical level of a=0.05. The results of these
tests are presented in Table 6. From the results of the
tests in Table 6., it can be seen that the newly
proposed Wakwu test produces compatible results with
those of the competing goodness-of-fit tests, such as
the Anderson-Darling and Cramer-von Mises tests

4., Discussion and Conclusion

Although the newly proposed WAKM test in this
paper can be regarded as a modification of the
Watson test, its power performance is higher than the
well-known goodness-of-fit tests including the
Watson test under the conditions of the simulation
studies. In particular, Wakm seems to be useful for
researchers in life testing and reliability in
distinguishing between the log-normal distribution
and the exponential, Weibull, or gamma distribution
under complete sample or Type II right censoring
schemes, especially for small sample sizes.

Furthermore, the notable superior performance of
Wakm in testing the exponential and log-normal
distributions against the alternative distributions
considered suggests that the proposed test may
distinguish well between the distribution with a
heavy upper tail and the distribution with a light
upper tail when the bodies of the distributions are
mostly similar. In conclusion, the newly proposed
Wakm test seems to be worth considering along with
the commonly used goodness-of-fit tests under the
conditions of this study. In addition, the Cramer-von
Mises and Anderson-Darling tests also appear to be
powerful tests that can be recommended.
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Table A1. Simulated critical values of some goodness-of-fit tests for the exponential distribution for a=0.05

n p KS K CVM w AD Wakn
0.20 0.1729 0.1947 0.0178 0.0056 0.1809 0.3852
0.40 0.2319 0.3066 0.0555 0.0248 0.4410 0.6970
10 0.60 0.2730 0.3886 0.1045 0.0577 0.6811 0.9056
0.80 0.3022 0.4506 0.1574 0.0996 0.9220 1.0405
1.00 0.3246 0.4887 0.2171 0.1573 1.2707 1.0864
0.20 0.1245 0.1538 0.0174 0.0066 0.2290 0.5382
0.40 0.1684 0.2283 0.0561 0.0274 0.4707 0.9136
20 0.60 0.1981 0.2862 0.1074 0.0623 0.7111 1.1769
0.80 0.2195 0.3300 0.1645 0.1076 0.9676 1.3287
1.00 0.2345 0.3533 0.2182 0.1573 1.2872 1.4088
0.20 0.1024 0.1296 0.0172 0.0069 0.2377 0.6351
0.40 0.1390 0.1904 0.0561 0.0284 0.4843 1.0798
30 0.60 0.1636 0.2374 0.1085 0.0641 0.7237 1.3909
0.80 0.1806 0.2736 0.1667 0.1111 0.9821 1.5822
1.00 0.1934 0.2919 0.2205 0.1585 1.3091 1.6604
0.20 0.0891 0.1140 0.0170 0.0070 0.2441 0.7097
0.40 0.1209 0.1667 0.0565 0.0287 0.4874 1.2187
40 0.60 0.1424 0.2076 0.1091 0.0650 0.7319 1.5728
0.80 0.1577 0.2382 0.1675 0.1118 0.9856 1.7810
1.00 0.1686 0.2537 0.2210 0.1583 1.3112 1.8789
0.20 0.0798 0.1032 0.0168 0.0072 0.2457 0.7821
0.40 0.1083 0.1496 0.0555 0.0287 0.4848 1.3432
50 0.60 0.1274 0.1864 0.1087 0.0655 0.7335 1.7340
0.80 0.1413 0.2147 0.1667 0.1132 0.9873 1.9533
1.00 0.1509 0.2279 0.2209 0.1580 1.3141 2.0768
0.20 0.0569 0.0746 0.0164 0.0073 0.2513 1.0673
0.40 0.0776 0.1080 0.0563 0.0294 0.4946 1.8403
100 0.60 0.0912 0.1337 0.1097 0.0665 0.7431 2.3823
0.80 0.1008 0.1536 0.1690 0.1146 0.9936 2.6870
1.00 0.1072 0.1626 0.2191 0.1581 1.3014 2.8745

Table A2. Simulated critical values of some goodness of fit tests for the log-normal distribution via normal distribution for
a=0.05

n p KS K CVM w AD Waku
0.40 0.1813 0.2917 0.0281 0.0235 0.2116 0.3253
10 0.60 0.2229 0.3557 0.0586 0.0499 0.3433 0.4396
0.80 0.2498 0.4046 0.0921 0.0810 0.4946 0.5025
1.00 0.2654 0.4353 0.1226 0.1140 0.7207 0.4892
0.20 0.0949 0.1493 0.0078 0.0062 0.1040 0.2485
0.40 0.1373 0.2130 0.0300 0.0240 0.2260 0.4519
20 0.60 0.1644 0.2613 0.0611 0.0514 0.3584 0.5883
0.80 0.1822 0.2962 0.0955 0.0842 0.5127 0.6435
1.00 0.1930 0.3172 0.1249 0.1156 0.7384 0.6082
0.20 0.0813 0.1234 0.0082 0.0063 0.1080 0.3072
0.40 0.1139 0.1764 0.0303 0.0239 0.2288 0.5459
30 0.60 0.1364 0.2163 0.0621 0.0521 0.3644 0.6960
0.80 0.1508 0.2456 0.0963 0.0852 0.5157 0.7624
1.00 0.1598 0.2623 0.1257 0.1163 0.7457 0.7054
0.20 0.0710 0.1080 0.0083 0.0062 0.1093 0.3503
0.40 0.0998 0.1540 0.0304 0.0240 0.2317 0.6225
40 0.60 0.1188 0.1882 0.0616 0.0516 0.3629 0.7956
0.80 0.1309 0.2139 0.0964 0.0854 0.5160 0.8530
1.00 0.1390 0.2286 0.1257 0.1162 0.7474 0.8004
0.20 0.0644 0.0973 0.0084 0.0062 0.1111 0.3867
0.40 0.0896 0.1386 0.0305 0.0240 0.2322 0.6915
50 0.60 0.1067 0.1695 0.0619 0.0520 0.3641 0.8757
0.80 0.1180 0.1922 0.0972 0.0859 0.5209 0.9428
1.00 0.1248 0.2059 0.1257 0.1164 0.7479 0.8838
0.20 0.0465 0.0702 0.0084 0.0062 0.1135 0.5479
0.40 0.0643 0.0996 0.0307 0.0241 0.2358 0.9627
100 0.60 0.0764 0.1211 0.0624 0.0521 0.3684 1.2245
0.80 0.0845 0.1379 0.0975 0.0866 0.5237 1.3020
1.00 0.0890 0.1470 0.1258 0.1164 0.7509 1.2254
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Anahtar Kelimeler Ozet: Radyoaktif olan radon gazimin solunmasi akciger kanseri olusumuyla

Bina i¢i radon, iliskilendirilmektedir. Havalandirilmasi zayif olan kapali mekanlarda birikme

Elektronik radon dedektorl,  esjlimi gosteren radon, zemine yakin yerlerde daha yiiksek konsantrasyonlara

Radon birikimi, ulagabilmektedir. Bu ¢alismada, Siileyman Demirel Universitesi Fizik Bélimii’niin

Isparta zemin katinda bulunan Isparta Radon Laboratuvari’'ndaki (IRL birimindeki) bina igi
atmosferik radon konsantrasyonlarinin dagilimi yiikseklige bagli olarak
incelenmistir. Bu amagla IRL’de, Airthings firmasinca tretilen 3 adet Wave radon
dedektorii farkli yiiksekliklerdeki 6l¢iim noktalarina yerlestirilerek 1 Kasim 2021
ile 22 Aralik 2021 tarihleri arasinda saatlik radon o6lgtimleri gerceklestirilmistir.
Elde edilen olglim verilerine ait ortalamalar incelendiginde, laboratuvar
zeminindeki radon yogunlugunun 303 Bq/m3, solunum seviyesindeki radon
diizeyinin 220 Bqg/m3 ve laboratuvarin tavan seviyesindeki radon
konsantrasyonunun 212 Bq/m3 oldugu bulunmustur. Béylelikle bina i¢i atmosferik
radonunun yiikseklik arttik¢a azaldig1 tespit edilmistir. Ol¢iim siireci boyunca 3507
adet veri kayit altina alinmistir. Saatlik radon dl¢iimlerinin tiimi, is yerleri i¢in kabul
edilen 1000 Bqg/m?¥liik ulusal miidahale seviyesinin altinda oldugundan IRL
birimindeki radon kaynakli radyolojik riskin kabul edilebilir diizeyde oldugu
soylenebilir. Elde edilen veriler SPSS programiyla istatistiksel olarak analiz edilmis,
Kruskal-Wallis testine gore; alt konumdaki dedektor olgiimlerinin, orta ve ist
konumdaki dedektér ol¢limlerine gore istatistiksel olarak anlamli bir farkliliga
sahip oldugu (p<0,05) saptanmis ve havadan daha agir olan radonun zeminde
biriktigi gosterilmistir.

A Study on Indoor Radon Accumulation

Keywords Abstract: Exposure to radioactive radon gas through inhalation has been associated
Indoor radon, with the risk of developing lung cancer. Radon can reach high concentrations and
Electronic radon detector, accumulate in poorly ventilated indoor spaces near the ground. In the present study,
E::gc;?aaccumulatmn, the distribution of atmospheric radon concentrations in IRL (Isparta Radon
Laboratory), located on the ground floor of the Department of Physics at Siileyman
Demirel University, was examined depending on altitude. For this purpose, hourly
radon measurements were carried out in IRL between 1 November 2021 and 22
December 2021 by placing 3 electronic radon detectors (Wave detectors by
Airthings) at measurement points representing different heights. When the
averages of the measurements were examined, it was determined that the radon
concentration on the laboratory floor was 303 Bq/m3, the radon level at the
respiratory level was 220 Bq/m3, and the radon concentration at the ceiling level of
the laboratory was 212 Bq/m3. Thus, it was revealed that indoor atmospheric radon
concentration increased with a decrease in altitude. During the measurement
process, 3507 data were recorded. Since all hourly radon measurements were
below the national reference level of 1000 Bq/m3 accepted for workplaces, the
radiological risk from radon in the IRL unit can be considered at an acceptable level.
The obtained data were analyzed statistically using the SPSS program. According to
the Kruskal-Wallis test, it was found that the detector measurements taken in the
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lower position displayed a statistically significant difference (p<0.05) compared to
the detector measurements taken in the middle and upper positions. Therefore it
was shown that radon, which is heavier than air, accumulated on the ground.

1. Giris

Canlilarin yasamlar1 boyunca maruz kaldig1 dogal
radyasyonun yarisinin dogrudan radon (222Rn)
kaynakli oldugu bilinmektedir [1]. Ernest Rutherford
1899 yilinda yaptig1 bir calismada toryum elementinin
radyoaktif bir gaz yaydigin1 bulmus [2], Pierre ve
Marie Curie de ayni y1l icinde radyumdan radyoaktif
bir gaz salinimi gézlemlemislerdir. 1900 yilinda ise
Friedrich Ernest Dorn Almanya'nin Halle kentinde
yaptig1 arastirma sirasinda radyum ampullerinde bir
gaz birikimi oldugunu tespit etmis [3] ve boylelikle bu
gazin radon oldugu kesfedilmistir [4]. Glinlimiizde
yaygin bir bicimde radon olarak adlandirilan 222Rn i¢in
ilk defa 1900 yiinda radyum-226'nin saldigl gaza
ithafen = “radyum  emanasyonu”  tanimlamasi
kullanilmis ve 1912 yilinda yeni bir element olarak
kabul edilmistir. Radonun, uranyum (238U), toryum
(232Th) ve aktinyum (23°U) bozunma serilerinden
gelen i¢ dogal radyoizotopu igin 1923 yilinda
sirasiyla; radon (?22Rn, yari1-omrii 3,82 giin), toron
(220Rn, yar1-6mri 55,6 saniye) ve aktinon (21°Rn, yari-
omric 3,96 saniye) adlarimin  kullanilmasi
benimsenmistir [5,6]. 5,48MeV enerjili bir alfa
parcgacigl yayinlayarak bozunan 222Rn, toron ve
aktinon radyoizotoplarina gore yiiksek bolluga sahip
olmas1 ve uzun yari-Omrii nedeniyle daha yogun
bicimde ¢alisiimaktadir.

Radon normal sartlar altinda renksiz, kokusuz ve
tatsiz bir gazdir. Periyodik cetvelin 8A grubunda
bulunan, 86 atom numarasina sahip olan radon
elementi en agir soy gazdir. Radonun atomik yarigapi
1,3x101® m ve atomik Kkesitinin alani 0,72x10-10
cm?'dir. Yogunlugu 273 K ve 1 atmosfer basingta 9,73
g/l ve 273 K'deki molar hacmi ise 50,5 cm3/mol’diir.
Hidrojenden 100 kat daha agir olan radon, havadan ise
yaklasik yedi buguk kat daha agirdir bu yiizden yere
yakin yerlerde birikme olasilig1 daha yiiksektir. Bunun
yaninda 6z 1sis1 0,091 ]/g-K'dir. Elektrik iletkenligi
neredeyse hic¢ yoktur ve oldukea diisiik 1s1l iletkenlige
(3,64x105 W/cm-K) sahiptir [7]. Radon, donma
sicakliginin  (-71°C’nin) altina sogutuldugunda,
sicaklik dusiisiiyle orantili olarak sariligi artarak
parlak bir fosforesans goriiniimii sergilerken, hava
sicakligindaki yiikselisle portakal rengi-kirmizimsi
formda gozlemlenebilmektedir. Elektron ilgisinin az
olmasi ve iyonlasma enerjisinin yiiksek olmasindan
dolay1 radon diger elementlerle kimyasal bag yapmaz
ancak katratlar ve karisik florimler gibi bazi bilesikler
olusturabilir, 6zellikle suyla birlikte yar1 kararl bir
katrat-hidrat (Rn-6H20) olusturmaktadir [8]. Radon
kismen suda ¢oziilebilir ve gliserin disindaki organik
swvilar icinde yiiksek bir ¢oziiniirliige sahip olabilir.
Odun komiri ve silikon jelde ise kolayca
emilebilmektedir [9].
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Yasadigimiz her yerde az veya ¢ok miktarda, mutlaka
radon mevcuttur. Kimyasal olarak inert olan radon
gazl, solunum yoluyla akcigerlere alindiginda,
solunum sistemindeki dokularla veya havadaki
partikiillerle kimyasal bag yapmadig1 i¢in verilen
nefesle viicut disina atilabilir. Fakat radyoaktif olan bu
gazin bozunmasiyla ortaya ¢ikan kisa yari-omiirli
radon trinleri (218Po, 214Pb, 214Bi ve 214Po) statik
yuklere sahip ve kimyasal reaksiyona girebilen
radyocekirdeklerdir. Havadaki toz zerreciklerine
yapisabilen bu bozunma {riinleri, solunum
sistemindeki organlara yerleserek bozunmaya devam
edebilmekte ve bu esnada yayinlanan radyasyon, canl
dokular1 iyonize ederek yasayan hiicrelerin DNA
yapilarini degistirebilmekte ve kanser olusumuna yol
acabilmektedir [10,11]. Kanser, insan yasamini tehdit
eden en ciddi saglk sorunlarindan birisidir.
Uluslararast Kanser Arastirmalari Ajansi, IARC’nin
(International Agency Research on Cancer) 2022
yilina ait verileri incelendiginde; diinya genelinde
meydana gelen oliimler icerisinde yaklasik 9,74
milyon kisinin kanser sebebiyle hayatini kaybettigi ve
tahminen 19,9 milyon yeni kanser vakasinin meydana
geldigi bildirilmektedir. 2022 yilindaki tiim kanser
o6limlerinin %18,65’lik kisminin akciger kanserinden
kaynaklandigr gorilmektedir. Erkeklerde akciger
kanseri %22,71 ile ilk sirada, kadinlarda ise %13,54 ile
ikinci sirada yer almaktadir [12]. Ulkemizdeki kayit
altina alinmis kanser vakalarina ait 2018 yili verilerine
gore akciger kanseri; erkeklerde %21°lik bir oranla ilk
sirada; kadinlarda ise %6’lik bir oranla besinci sirada
yer almaktadir [13]. Glinlimiize dek yapilmis olan
epidemiyolojik c¢alismalar radona maruziyet ile
akciger kanseri olusumu arasinda dogrudan bir iligki
oldugunu gostermektedir [14]. Diinya Saghik Orgiitii,
WHO (World Health Organization) ve A.B.D. Cevre
Koruma Ajansi, EPA (Environmental Protection
Agency) radon gazini “A-siifi kanserojen madde”
olarak nitelendirmistir [15,16]. Ustelik radon
solunumu, en tehlikeli kanserojenler arasinda tiitiin
kullanimindan sonra ikinci sirada yer almaktadir.
WHO, tiim akciger kanserlerinin %14’e varan kisminin
radon kaynakli oldugunu belirtmektedir [17]. Bu
nedenle, kapali mekanlardaki radon seviyelerinin
bilinmesi halk saglig1 acisindan bir gerekliliktir.

Radonun insan saghg lzerinde meydana
getirebilecegi olumsuz etkilerin azaltilabilmesi
amaciyla iilkeler ve gesitli organizasyonlar, genellikle
11-300 Bq/m3 araliginda gozlemlendigi rapor edilen
bina i¢i radon gazi konsantrasyonlari [7] icin bazi sinir

degerleri benimsemislerdir. Uluslararasi
Radyasyondan Korunma Komisyonu, ICRP
(International =~ Commission  on Radiological

Protection), konutlardaki radon gazi yogunlugunun
300 Bq/m?31j, is yerlerindeki radon diizeyinin ise 1000
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Bq/m3i astigt durumlarda miidahale edilmesini
tavsiye etmektedir [18]. WHO, riskin en aza
indirilebilmesi amaciyla kapali mekanlarda maruz
kalinacak radon konsantrasyonunun 100 Bq/m3'lin
altinda tutulmasini 6nererek, iilkeye 6zgii kosullar
nedeniyle bu seviyenin saglanamadigi durumlarda
miidahale icin referans seviyesinin 300 Bq/m3
alinmasini tavsiye etmektedir [16]. Ulkemizdeki
kapali mekanlarda miisaade edilebilecek radon
konsantrasyonu degerleri, Tiirkiye Enerji, Niikleer ve
Maden Arastirma Kurumu (TENMAK) tarafindan evler
icin 400 Bq/m3, is yerleri icin ise 1000 Bq/m3 olarak
belirlenmistir [19]. Avrupa Birligi iilkeleri icin tavsiye
edilen diizeyler, Avrupa Komisyonu, EC (European
Commission) tarafindan evler i¢in 300 Bg/m3 ve
isyerleri icin ise 1000 Bq/m3 olarak bildirilmektedir
[20]. Diinya genelinde meskenlerdeki atmosferik
radon konsantrasyonu ortalamasi 39 Bq/m3 [1] iken
Tirkiye'deki aritmetik ortalama 81 Bq/m3 olarak
rapor edilmistir [21]. Isparta il merkezi 6zelinde ise
bina i¢i atmosferik radon konsantrasyonlarinin,
kiiresel ve wulusal ortalamalardan daha yiiksek
diizeylerde gozlemlendigi bildirilmektedir [22].

Radonun ana kaynagl yerkiiredir. Cevremizdeki
radonun yaklasik %70’e yakini toprak ve kayaglardan
kaynaklanmaktadir.  Toprak gazindaki radon
konsantrasyonlarinin genellikle 18-180 kBqg/m?3
araliginda degistigi bilinmektedir [7]. En biiyiik ikinci
katk: yeralti sular1 nedeniyle meydana gelmektedir.
Dogal siiregler neticesinde kaya katmanlar1 arasinda
olusan radon gazi, topraktan cesitli mekanizmalarla
yeryizine  ¢ikmakta, binalarin  zemin  ve
duvarlarindaki catlaklardan ayrica tesisat
bosluklarindan bina icine girerek kapali mekanlarin
atmosferine  tasinmaktadir. Bina i¢i  radon
yogunlugunu etkileyen pek ¢ok dis etmen mevcuttur.
Jeolojik etmenler (kayag yapisy, toprak 6zellikleri vb.),
meteorolojik parametreler (nem, basing, sicaklik,
rakim vb.), bina yapiminda kullanilan yap1
malzemeleri, dogalgaz, su kaynaklari, binanin yasi,
binanin yalitimi1 ve bina kullanim aliskanliklar gibi
faktorlerin bina i¢i radon gazi konsantrasyonu
iizerinde etkili oldugu bilinmektedir [23-32].

Bina i¢i radon seviyesini etkileyen parametrelerden
biri de ytliksekliktir. Havadan daha agir olan radonun
zeminde birikme egilimi gostermesi nedeniyle
yiksekligin artmasi1 ile Dbirlikte radon gazi
yogunlugunun azalmasi beklenmektedir. Literatiirde,
kapali mekanlarda radon diizeyinin yiikseklikle
degisimini inceleyen ¢ok sayida ¢alismaya rastlamak
miimkindir. Konuyla ilgili arastirmalarin ¢ogunda,
ylikseklik arttik¢a radon konsantrasyonunun azaldigi
dogrulanirken [33-47] baz1 c¢alismalarda bu
beklentiyle uyumlu olmayan sonuglar da rapor
edilmistir [48-50].

Calismamizda, diger fiziksel kosullarin ayn bicimde
etkili oldugu kapali bir mekdn i¢in radon
yogunlugunun  yiikseklige  baglh  davranisinin
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incelenmesi ve bu mekanin, tabaninda istatistiksel
olarak anlamli bir diizeyde radon gazi birikiminin olup
olmadiginin belirlenmesi amag¢lanmistir. Deneysel
asama, Siilleyman Demirel Universitesi IRL biriminde

farkli yiiksekliklere yerlestirilen 3 elektronik
dedektérden 52 giin boyunca saatlik radon 6l¢ciimleri
alinarak  gergeklestirilmistir.  izleyen kisimda,

calismanin yapildig1 yer ve odlgiimler icin kullanilan
sistem tanitilmaktadir. Daha sonra, elde edilen 6l¢iim
verileri istatistiksel olarak degerlendirilmekte ve
arastirma kosullar1 dahilinde wulasilan sonuglar
sunulmaktadir.

2. Materyal ve Metot
2.1. Ol¢iim alam

Akdeniz Bolgesi'nin kuzeyinde, Goller Boélgesi'nin
merkezi konumunda yer alan Isparta ili, 30°20" ve
31°33' dogu boylamlar ile, 37°18" ve 38°30' kuzey
enlemleri arasinda kurulmus olup 8933 km?lik bir
ylizolciimiine sahiptir. ilin ortalama rakimi 1050
metredir [51,52]. 2023 yii sonunda yapilan niifus
sayimina gore Isparta ilinin toplam niifusu 449.777
olarak tespit edilmistir. Bu niifus igerisinde en biiyiik
pay1 271.396 kisiyle il merkezi almaktadir [53].
Akdeniz iklimi ile karasal iklim arasindaki gecis
bolgesinde yer aldigindan dolay1 Isparta sinirlar
icinde her iki iklim 6zellikleri de gorilmektedir. Yillik
ortalama hava sicaklig1 12 °C diizeyindedir (en yiiksek
38,7 °C ve en disiik -21,0 °C). Yagislarin 6nemli bir
bolimi kis ve ilkbahar mevsimlerinde
gerceklesmektedir (%69). il merkezindeki ortalama
yulik toplam yagis miktar1 508,3 mm’dir. Isparta
ilindeki topraklarin ana yapisi, genellikle kalkerli
formdadir. 8-40 cm arasinda derinlige sahip olan {ist
toprak killi kalkerli graniiler ve dagilabilir yapidadir.
Ust toprakla ayni yapiya sahip olan alt toprak ise
genellikle, daha kaba biinyeli ve killi bir formdadir.
Bati Toroslarin uzantis1 olan ve yiiksekligi 3000
metreyi bulan oldukca yiiksek daglarin bulundugu
Isparta ili engebeli bir yapidadir. ilin %68,4'nii daglar,
%716,8'ni ovalar ve %14,8'ni platolar olusturmaktadir
[51,52]. Atmosferik radon olgtimleri icin sehir
merkezine 10 km wuzakliktaki Siileyman Demirel
Universitesi, Fizik Bsliimii’nde bulunan Isparta Radon
Laboratuvari secilmistir. Fakiilte binasi, 21300 m?2’lik
alana sahip 3 katl bir bina olup, 205 akademik kadro
ile hizmet vermektedir. Fakiiltede 40 derslik, 50 kisilik
bilgisayar laboratuvari, 7 uygulama ve arastirma
laboratuvari, her boliime ait birer seminer salonu ve 1
6grenci kafeteryasi bulunmaktadir. Toplamda 4882
Ogrenci ile glindiiz ve gece olmak iizere egitim ve
O0gretim faaliyetlerine devam edilmektedir [54].
Calismanin yapildigr birimin konumu Sekil 1’de
gosterilmektedir.
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ISPARTA

Sekil 1. Calisma alaninin konumunu gosteren harita ve uydu
goruntisu

2.1. Ol¢iim icin kullanilan sistem

Calismamizdaki 6l¢timler, Airthings firmasi tarafindan
tretilen Wave radon dedektdrleri kullanilarak
gerceklestirilmistir (Sekil 2). S6z konusu cihaz
bluetooth baglantisina sahip, diisiik maliyetli, 6l¢iim
araligy, hassasligy, pil 6mrt, veri aktarma yetenegi gibi
olumlu o6zellikleriyle 6n plana ¢ikan tasinabilir bir
elektronik dedektordiir [55]. Bu kompakt cihaz ayni
zamanda ortama ait nem ve sicaklik o6l¢ciimleri
yapabilmekte ve ortamdaki son radon diizeyini farkl
renkteki led 1siklar: ile gorsel olarak bildirmektedir.
Bunun yaninda; hafif, tasmabilir olmasi, estetik
gorintiisi, licretsiz mobil uygulama imkani sunmasi
nedeniyle ¢calismada tercih edilmistir.

Wave radon dedektorlerinin tretici tarafindan
periyodik olarak saglanan kalibrasyon
glincellemelerinin gecerliligi, IRL biriminde mevcut
olan profesyonel radon 6l¢iim cihazi Corentium PRO
(seri numaras1: 2700014103, kalibrasyon sertifika
kodu: NRPP 8233) vasitasiyla rutin olarak kontrol
edilmektedir. Wave cihazinin kurulumunu takiben ilk
radon gazi verileri, yaklastk 1 saat sonra
alinabilmektedir. Bir duman dedektdriine benzeyen
bu portatif cihazin baslica teknik 6zellikleri Tablo 1'de
6zetlenmistir.

Wave radon dedektorii ile gerceklestirilen saatlik
6lciimlerimize ait verilerin alinmasi i¢in kullanilan
sistem mimarisi Sekil 3'de gosterilmektedir. Sistemin
calismasi su sekildedir: Olgiim noktasindaki
elektronik dedektor, ortamdaki radon
konsantrasyonunu her saatte bir 6lger. Akilli bir cep
telefonuna kurulmus iretici uygulamas: (Airthings
Wave, Airthings ASA) sayesinde veriler, bluetooth
baglantisiyla cep telefonuna indirilebilir veya internet
veri tabanina aktarilarak internet erisimi olan bir
bilgisayara kaydedilebilir. Elde edilen verilerin
tablolar haline getirilip incelenmesi Excel gibi bir
elektronik tablolama programu ile saglanabilir.

Sekil 2. Wave telefonu

radon dedektérii ve
uygulamasinin ekran goriintisi

cep

Tablo 1. Wave radon dedektoriiniin temel 6zelikleri [55]

Radon Ornekleme Pasif difiizyon odasi

Algillama Yontemi Alfa spektrometresi

Siirekli radon monitérleme: Uzun
doénem/Kisa donem ekrani

0-500 pCi/L /0-20.000 Bq/m3
Siirekli olarak alfa parcaciklarinin
elektrostatik toplanmasi ile i10S ve
Android  uygulamasiyla  radon
takibinin yapilabilmesi

1 haftadan sonra <%10

2 aydan sonra <%5

2 AA alkalin pil: ~1,5 y1l

Kablosuz veri aktarimi

399F - 1049F / 4°C - 40°C

Bagil nem: <%85

Calisma Modlar1
Calisma Aralig

Calisma Prensibi

Olgiim Belirsizligi
(200 Bq/m3 igin)
Gli¢ Kaynagi

Baglant1 Cikislar

Sicaklik, Nem Aralig1

Agirlik 7,7 ons / 219 g (pillerle birlikte)
Boyut 4,7x1,4 in¢ / 120x36 mm (¢capxboy)
Bluetooth ve Airthings Smartlink ile
Baglant1 Sekli Kablosuz olarak (Wi-Fi ile) verileri
aktarabilme 6zelligi
Uzerindeki bluetooth ile radon
Monitdrleme miktar1 cep telefonundan ve

bilgisayardan goriintiilenmektedir.
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Cep Bulut

sensor Telefonu

3 =

Loy}
-~
Excel
x %
= e
—

Sekil 3. Radon 6l¢iim siirecinde veri transferi ve islenmesi

2.3. Deneysel calisma

1 Kasim - 22 Aralik 2021 tarihleri arasinda yiirtitiilen
deneysel dlciimler, Siileyman Demirel Universitesi IRL
biriminde gerceklestirilmistir. Isparta merkez ilgede
bulunan kapali mekéanlarda, global ve ulusal
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ortalamalarin  iizerinde radon yogunluklarina
rastlamak miimkiindiir [22]. 30,53263° dogu boylam1
ile 37,83045° kuzey enleminin kesistigi konumda
bulunan IRL birimi de bdéyle bir mekandir. IRL
birimdeki ortalama radon diizeyinin, solunum
seviyesinde 300 Bq/m?3 civarinda oldugu daha dnce
yapilan bir calismayla gosterilmistir [46]. Olciim
noktasi belirlenirken, kapali mekanin tabanindaki
radon farkliliginin daha rahat gézlemlenebilmesi icin
bina i¢ci atmosferik radon diizeyinin yiiksek oldugu
bilinen ve zemin katta bulunan bir mekan aranmis ve
IRL birimi bu kriterleri sagladig1 i¢in c¢alisma alani
olarak secilmistir. Laboratuvarin kullaniminin kontrol
edilebiliyor olmasi1 ve saatlik radon seviyesindeki
degisimin kolayca denetlenebilmesi de bu tercihi
glclendirmistir. 13,7 m?’lik bir alana sahip olan IRL
biriminde 1 pencere ve 1 kap1 bulunmaktadir.

Deneysel calisma icin Isparta Radon
Laboratuvari’ndaki bos duvara, aymi hizada farkl
yuksekliklere 3 elektronik radon dedekt6érii monte
edilmistir. Daha saglikli 6l¢lim yapilabilmesi amaciyla
dedektorlerin, radyator, elektronik cihazlar, kapi ve
pencereden olabildigince uzaga yerlestirilmesine
dikkat edilmistir. Ik dedektor (D1) oda tabanindan
yaklasik 15 cm yukariya, ikinci dedektor (D2) solunum
seviyesine [56] (zeminden yaklasik 120 cm yliksege)
ve lciincli dedektér (D3) laboratuvar zemininden
yaklasik 240 cm yiliksege monte edilmistir (Sekil 4).
Elektronik dedektorlerle ol¢ciim periyodu boyunca
saatlik radon dlgtimleri alinarak bu kapali mekandaki
radon gazi konsantrasyonunun ylikseklige bagl nasil
degistigi incelenmistir. Olciimlere ait veriler, Sekil 3 ile
gosterilen sistem mimarisine uygun bicimde kayit
altina alinmis ve tasinabilir bir USB bellekte muhafaza
edilmisgtir.

Tavan

D3

Solunum Seviyesi 240 cm

120 cm

D1

IIS cm

Sekil 4. Elektronik dedektorlerin pozisyonlarini gosteren
temsili deneysel diizenek

Taban
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3. Bulgular

IRL biriminde, 3 elektronik dedektérle es-zamanl
olarak her saatte bir gergeklestirilen radon 6l¢iimleri
icin 6l¢lim siireci boyunca 3744 adet dl¢ciim verisi
toplanmasi1 gerekirken internet kesintileri ve sistem
glincellemeleri esnasinda veri alisverisinin
saglanamamasi gibi teknik aksakliklardan ayni anda
etkilenen dedektorlerde, cihaz basina 79 adet veri
kaybi1 olmus ve bu ylizden 237 adet veri kayit altina
alinamamistir. Bu kayiplara ragmen kullanilan
sistemin veri iletim performansi1 %93,7 gibi yiiksek bir
verimlilikle gerceklesmistir. Sekil 5’de 6l¢lim periyodu
boyunca dedektdrler tarafindan belirlenen radon gazi
konsantrasyonlari karsilastirmali olarak
gosterilmektedir. Genel olarak, IRL birimindeki
zamana bagli radon degisiminin 3 dedektor tarafindan
benzer desenlerle uyumlu bir bicimde takip edildigi,
yani birimdeki radon diizeyi diisme egilimindeyken
farkli pozisyonlardaki dedektorlerin okumalarinda
azalma davranisi ve odadaki radon seviyesi yiikselme
egilimine gectiginde dedektorlerin kayit ettigi radon
konsantrasyonlarinda artma egilimi go6zlendigi
soylenebilir. Bununla birlikte, taban konumunu temsil
eden D1 dedektdriiniin diger dedektdrlere gére daha
yuksek radon konsantrasyonlar: tespit ettigi aciktir
(Sekil 5).

Radon Olciim Verileri

D1
D2

——D3

Radon Konsantrasyonu (Bg/m3)

nnnnnn

Sekil 5. Farkl yiiksekliklerde bulunan dedektorlerin 6l¢iim
slireci boyunca kayit ettigi radon konsantrasyonlarinin
karsilastirilmas1 (x-eksenindeki o6l¢im numaralari, es-
zamanli olarak alinan saatlik Olglimlere karsilik
gelmektedir).

Kapali mekanlardaki radon yogunlugunun
havalandirma ile azalabilecegi bilinmektedir [29,46]
Olgiim  periyodu, pandemi dénemi igerisinde
bulunmasina ragmen deneysel ¢alisma asamasinda
kisitlamalarin  olmamasi  nedeniyle 6l¢iimlerin
yuritildigi laboratuvar aktif olarak kullanilmis bu
ylzden IRL birimi dogal olarak havalandirilmistir.
Dedektorlerden elde edilen Olgiimler birlikte
degerlendirildiginde, dl¢timlerin biiyiik bir kisminin
100-300 Bg/m3 araliginda oldugu (2374 adet veri ile
6lciimlerin %67,7‘sine karsilik gelmektedir) ve 300
Bq/m3¥ten daha yiiksek 867 adet (tiim ol¢iimlerin
%24,7’si kadar) radon 6l¢limii alindig1 saptanmustir.
Olgiimlerin gerceklestirildigi 1 Kasim ile 22 Aralik
2021 tarihleri arasinda birimdeki ortalama radon
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diizeyi 245 Bq/m?3 olarak belirlenmistir (Tablo 2). Bu
ortalama, ayni birimde 1 Mart 2001 ile 28 Subat 2022
tarihleri arasinda gercgeklestirilen diger bir ¢alismaya
ait 6l¢lim sonuglar ile tutarhdir. S6z konusu ¢alisma
icin elde edilen 8216 adet saatlik radon o&l¢ciimii
verisinin, 26 Bq/m3 ile 854 Bq/m?3 arasinda degistigi
ve 295 Bq/m3 degerinde bir aritmetik ortalamaya
sahip oldugu bildirilmistir [46]. IRL birimi i¢in elde
ettigimiz 3507 radon ol¢iimiinden higbirinin
TENMAK'1n is yerleri icin kabul ettigi 1000 Bq/m?3'liik
miidahale limitini [19] asmadig1 goriilmektedir (Sekil
5 ve Tablo 2).

Radon yogunlugunun yiikseklie bagli olarak
sergiledigi davranisin incelenebilmesi amaciyla, IRL
birimindeki taban seviyesi, solunum seviyesi ve tavan
seviyesini temsil eden D1, D2 ve D3 gruplarina ait
6l¢ciim verileri, SPSS 29.0 programi [57] kullanilarak
istatistiksel olarak analiz edilmistir. Calismada
kullanilan elektronik dedektorlerin kodlamalari, seri
numaralari, yerden yiikseklikleri ve 6l¢lim gruplari
icin elde edilen verilere ait tanimlayici istatistiksel
bilgiler (minimum, maksimum 6l¢iimler ve aritmetik
ortalamalar) Tablo 2’'de toplu halde 6zetlenmektedir.

[statistiksel ~analize baslamadan 6nce 6l¢iim
verilerinin normal dagilima sahip olup olmadigim
belirlemek amaciyla normallik testi uygulanmistir.
Her grupta 1169’ar radon 6l¢iim verisi bulunmakta
olup gruplardaki veri sayilar1 50’den biiylik oldugu
icin  Kolmogorov-Smirnov testi ile normallik
incelemesi yapilmis ve anlamlilik degeri, p<0,05
olarak bulundugu i¢in grup verilerinin normal
dagilima sahip olmadigi ortaya cikmistir. Ek olarak,
gruplara ait frekans dagilimlar1 incelendiginde, ti¢
gruptaki Ol¢lim verilerinin de saga-carpik bir yapi
sergiledigi tespit edilmistir.

Olgiim gruplarina ait veriler normal dagilima sahip
olmadigindan ve ayrica en az bir grup ortalamasi
digerlerinden fakli oldugundan istatistiksel analiz i¢in
Kruskal-Wallis testi tercih edilmistir. Kruskal-Wallis
testi sonucunda; farkli pozisyonlari temsil eden 3
gruba ait ol¢lim verileri arasinda istatistiksel
bakimdan anlamli bir farkhligin oldugu (p<0,05)
bulunmustur (Tablo 2). Farkliligin hangi gruplar
arasinda oldugu, Mann-Whitney U testi kullanilarak
yapilan ek analizlerle arastinlmistir.  Ikili
karsilastirilmalar sonucunda; D1 grubuna ait dl¢iimler
ile D2 grubuna ait 6lglimler arasindaki anlamlilik
degeri p=0,001 olarak bulunmus ve p<0,05 oldugu icin
D1 olgtimleri ile D2 odlglimleri arasinda istatistiksel
olarak anlaml bir farklihk oldugu belirlenmistir.
Benzer bicimde, D1 grubu olciimleri ile D3 grubu
Olglimleri arasindaki anlamlilik degeri yine p=0,001
yani p<0,05 olarak elde edilmis, boylelikle D1 ve D3
grubu o6lgciimlerinin de istatistiksel bakimdan
birbirinden farkli oldugu tespit edilmistir. Son olarak
D2 ve D3 gruplari karsilastirildiginda, bu gruplara ait
veriler arasindaki anlamlilik degeri 0,264 olarak elde
edilmis ve p>0,05 oldugu i¢in D2 o6l¢timleri ile D3
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Olciimleri arasinda istatistiksel bakimdan anlamli bir
farkliik bulunmadigi ortaya c¢ikarilmistir. Ozetle;
laboratuvar tabanindaki radon konsantrasyonlarinin,
solunum seviyesindeki ve laboratuvar tavanindaki
radon diizeylerinden daha farkli yogunluklarda
gozlemlendigi istatistiksel olarak kanitlanmistir.

26 Bqg/m? ile 822 Bq/m?3 degerleri arasinda degisen
bina i¢i atmosferik radon konsantrasyonlarinin
gozlemlendigi 6l¢lim siirecinde, IRL birimindeki radon
diizeyinin yiikseklige bagh olarak azalma egiliminde
oldugu ortaya ¢ikarilmistir (Tablo 2). Ortalama radon
konsantrasyonlarinin yiikseklige bagh degisimi Sekil
6’da gorsel olarak sunulmaktadir. Laboratuvar tabani
referans seviyesi olarak alindiginda, birimdeki radon
diizeyinin ylikseklige bagli sergiledigi bu davranis,
Sekil 6’ da gosterilen ikinci derece polinom
yapisindaki fit kullanilarak basarili bir sekilde
formalize edilebilmektedir (RZ=1). Artan yiikseklige
baglh olarak bina i¢i atmosferik radon diizeyinin
azalma davranisi, IRL biriminin bulundugu binada
daha o6nce yapilan benzer calisma sonuglar: ile de
desteklenmektedir [46, 47]. Calismamiz kapsaminda
ayrica, Ol¢im noktalar1 icin hafta sonlarinda
kaydedilen atmosferik radon konsantrasyonlarina
kiyasla, hafta i¢i giinlerde (laboratuvarin kullanimina
dolayisiyla dogal havalandirma yapilmasina bagh

olarak) bir diislisin meydana geldigi de
gozlemlenmistir.
Yiikseklige Bagh Radon Davranisi
350
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Sekil 6. IRL birimindeki ortalama radon diizeylerinin
ytkseklige bagh degisimi (kodlama Cizelge 2 ile uyumludur).

4. Tartigsma ve Sonug¢

En tehlikeli kanserojenler arasinda yer alan radon,
zamanimizin biiylik bir kismini gecirdigimiz kapali
mekanlarda  yiikseklize  baglh  olarak  farkh
yogunluklarda goézlemlenebilmektedir. Bu ¢alismada
bina ici atmosferik radon konsantrasyonunun
ylkseklige bagh sergiledigi davranis, Siileyman
Demirel Universitesi Fizik Bélimii’niin zemin katinda
bulunan Isparta Radon Laboratuvari’nda farkl
yliksekliklere yerlestirilmis 3 adet Wave radon
dedektoriiyle 1 Kasim 2021 tarihinden itibaren
birbirini takip eden 52 giin boyunca es-zamanli saatlik
radon 6l¢limleri alinarak incelenmistir.
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Tablo 2. Dedektor bilgileri ve radon odlglimlerine ait tanimlayici istatistikler (dedektor kodlari, Sekil 4 ve Sekil 5'deki

kodlamayla uyumludur)

Dedektorlere ait Bilgiler

Olgiimlere ait Tanimlayici Bilgiler

Kodu  Seri Numarasi Yerden Yiikseklik N Min (Bg/m3) Mak (Bq/m3) Ort (Bg/m3) p
D1 2950032386 15 cm 1169 28 822 303
D2 2900262419 120 cm 1169 26 706 220 0,001
D3 2950039463 240 cm 1169 36 554 212

Genel 3507 26 822 245

N : 6l¢iim sayisi, p: Kruskal-Wallis testi sonucunda elde edilen anlamlilik degeri

Kullanilan elektronik dedektoérler, 6l¢iim periyodunda
yiiksek verimlilikte bir veri iletim performansi
(%93,7) gostermis ve dedektor basina 1169 adet
radon oOlgiim verisi kayit altina alinmistir. Saatlik
radon odl¢iimlerinin 26 Bq/m3ile 822 Bq/m?3 arasinda
degistigi, ol¢climlerin %67,7’lik kisminin 100-300
Bqg/m?3 araliginda gercgeklestigi ve birimdeki ortalama
radon yogunlugunun 245 Bq/m3 degerinde oldugu
bulunmustur. TENMAK'1n is yerleri i¢in belirlemis
oldugu 1000 Bq/m?liikk mtidahale diizeyini asan hi¢cbir
6l¢ciim verisine rastlanmamistir.

Olgiimlerden elde edilen ortalamalar incelendiginde;
laboratuvarin taban seviyesindeki D1 dedektoriyle
belirlenen radon diizeyinin 303 Bq/m3, solunum
seviyesine yerlestirilen D2 dedektoriiyle tespit edilen
ortalama radon konsantrasyonunun 220 Bq/m3 ve
tavan seviyesinde konumlu D3 dedektoriine ait
ortalama radon diizeyinin 212 Bq/m3 oldugu
bulunmustur. Bu durum, IRL birimindeki radon
seviyesinin artan yiikseklige bagli olarak azalma
egilimi gosterdigine isaret etmektedir. Olgiim verileri
ayrica, SPSS programiyla istatistiksel olarak analiz
edilmis, yapilan testler sonucunda D1 &l¢iimleri ile
diger iki dedektoriin dl¢limleri arasinda istatistiksel
olarak anlaml bir farkliligin oldugu (p<0,05) tespit
edilirken, D2 ve D3 dedektorlerinin o6lciimleri
arasinda anlaml bir farkliligin olmadig1 bulunmustur
(p>0,05).

Bu c¢alismanin kosullar1 dahilinde, radon gazinin
kapali mekanlarin zemininde birikme egilimi
gosterdigi ve bu yiizden odanin tabaninda daha
yliksek konsantrasyonlara ulastig istatistiksel olarak
ortaya ¢ikarilmistir. Radon kaynakli saglik riskinin en
aza indirilebilmesi i¢in 6l¢lim yapilan birimde duvar
ve zemin yalitimlarinin goézden gegirilerek,
havalandirma kosullarinin iyilestirilmesi ve bina
genelinde yliriitiilecek daha kapsamli dlgtimlerle riskli
diger birimlerin belirlenmesi tavsiye edilebilir.

Tesekkiir

Bu c¢alisma 1919B012106382 proje numarasi ile
Tiirkiye Bilimsel ve Teknolojik Arastirma Kurumu
(TUBITAK) 2209-A Universite Ogrencileri Arastirma
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Anahtar Kelimeler Ozet: Elma igkurdu (cydia pomonella) zararlisi, geleneksel insektisitlere kars
Elma ickurdu, giderek direng gelistirdiginden, tarim sektoriinde meyve iiretiminde son yillarda
Inseksitit,

artan bir sorun haline gelmektedir. Geleneksel insektisitlerin asir1 kullanimi, saghk
ve cevre icin ciddi riskler olustururken, alternatif dogal molekiillerin kesfi cevresel
riskleri azaltmak ve diren¢ sorunlarini ¢6zmek agisindan hayati 6nem tasimaktadir.
Bu ¢alismada elma i¢ckurdu ile miicadelede in siliko yontemiyle etkili ve dogal ilag
molekiillerin belirlenmesi hedeflenmistir. Bu ¢calismada, 3RVZ kristal yapis1 hedef
protein olarak secilip, insektisit 6zelligi olan 97 adet bitki aktif molekiillerinden en
iyi sonu¢ veren 42 molekiil ve 5 adet ticari insektisit kullanilarak bir arastirma
yapilmistir. Secilen molekiillerin yapisal analizleri Spartan’l4 programiyla
gerceklestirilmistir. Molekiiller kenetlenme ve gorsellestirme c¢alismalarinda
Autodock Tools 1.5.6, Autodock Vina ve BIOVIA Discovery Studio Visualizer
programlart kullanilmistir. Elde edilen sonuglar, baglanma afiniteleri, lineer
regresyon grafikleri ve aminoasit etkilesim haritalar1  kullanilarak
degerlendirilmistir. Yapilan ¢alisma sonucunda, iyi korelasyon saglayan,
biyopestisit olma potansiyeline sahip L-7, L-9, L-13, L-14, L-16, L-18, L-19 aday
molekiilleri 6ne ¢ikmaktadir. Bu molekiillerin in vivo deneysel olarak incelenmesi
onerilmektedir.

Molekiiler Kenetlenme,
Voltaj Kapili Sodyum
Kanallari

Identification of Alternative New Candidate Molecules for the Control of Apple Bract

Pest by Docking Method
Keywords Abstract: The codling moth (cydia pomonella) has become an increasing problem
Codling Moth, in fruit production in the agricultural sector in recent years, as the pest has gradually

Insecticide,
Molecular Docking,
Voltage Gated Sodium
Channels

developed resistance to conventional insecticides. While the overuse of
conventional insecticides poses serious risks to health and the environment, the
discovery of alternative natural molecules is vital to reduce environmental risks and
solve resistance problems. In this study, a research was conducted by selecting the
3RVZ crystal structure as the target protein and using 42 molecules that gave the
best results out of 97 plant active molecules with insecticidal properties and 5
commercial insecticides. Structural analyzes of the selected molecules were carried
out with the Spartan'14 program. Autodock Tools 1.5.6, Autodock Vina and BIOVIA
Discovery Studio Visualizer programs were used in molecular docking and
visualization studies. The results obtained were evaluated using binding affinities,
linear regression graphs and amino acid interaction maps. As a result of the study,
candidate molecules L-7, L-9, L-13, L-14, L-16, L-18, L-19, which provide good
correlation and have the potential to be biopesticides, stand out. It is recommended
to examine these molecules experimentally in vivo.
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1. Giris

TUIK verilerine goére iilkemiz 2021-22 sezonunda
elma iiretimi 4,7 ton, ihrag ettigi elma miktar1 2,2 ton
oldugu, elma liretiminde diinya siralamasinda 3. iken
ihracatta 7. sirada oldugu belirtilmistir [1]. Ihracattaki
bu diisiikligiin sebebi kaliteli elma tretiminin yeterli
olmayisi seklinde dusiiniilmektedir. Tarimsal hastalik
ve zararlilarla miicadele icin gerekli o6nlemlerin
alinmasi kaliteli elma iiretimine katki saglayacaktir.

Elma ickurdu, farkli kosullara ¢abuk adaptasyon
sagladigindan, farkli cografyalarda bulunabilen,
diinyaca bilinen 100 istilacidan biridir. Elma igkurdu
sadece elmada degil, armut, ayva gibi yumusak
cekirdekli meyvelerde, seftali, erik, kayisi ve cevizin de
zararlisidir. Zararli meyvelerin icine girerek
yumurtalarini  birakir, larvalarini besler, meyve
dokusuna zarar verir. Bu durum meyvenin pazar
degerini diisiirtr, iireticinin ekonomik kaybina sebep
olur. Zararli ile miicadele yontemleri sayesinde,
zararlinin meyveye verdigi zararin biiyik olciide
oniine gecilebilmektedir [1-5].

Zirai miicadelenin 6nemli bir ydntemi olan
pestisitlerin kullanimi, saglik ve cevre tlizerinde ciddi
riskler olusturmakla birlikte; kanserojen etkileri,
dogum anormallikleri ve sinir sistemi zararlar1 gibi
potansiyel saglik tehlikeleri bulunmaktadir. Ozellikle
asir1 buharlasan pestisitler, hava kirliligine ve havada
kalici olumsuz etkilere neden olmaktadir. Asiri
kullanimi, zararli organizmalarda ilaca karsi direng
gelisimini tesvik ederek pestisitlerin etkinligini
azaltmakta ve yeni salginlar ortaya ¢ikarmaktadir. Bu
nedenle, pestisitlerin bilin¢li ve siirdiiriilebilir bir
sekilde kullanilmasi, ¢evre ve insan saghgi i¢cin kritik
6neme sahiptir [6].

Elma ickurdu kontrolii i¢in yapilan arastirmalar, elma
ickurdunun birgok insektisite direng gelistirdigi ve bu
insektisitlerin kullaniminin faydali  tiirlerin
popiilasyonlarini  azalttigini  gostermektedir. Bu
nedenle kimyasal insektisit kullanimini azaltmak,
kaliteli ve saglikli elma yetistirmek icin ¢evre dostu
stratejiler gelistirilmektedir [7-8]. Organik elmanin
korunmasinda kullanilabilecek ¢ok sayida potansiyel
bitki ve bitki metaboliti bulunmaktadir. Bu dogal
bilesiklerin etkin formiilasyonlarini gelistirmeye ve
molekiiler hedeflerini belirlemeye yonelik
arastirmalarin yapilmasi belirtilmektedir [9].

Bilgisayar destekli ila¢ tasarimi, bilimsel hesaplama ve
modelleme tekniklerini kullanarak yeni ilaglar veya
kimyasal bilesiklerin tasarimini hedefleyen bir
yaklasimdir. Bu yontem molekiiler diizeyde ilag¢
etkilesimlerini anlamamiza ve o6zellikle bitkiler icin
kullanilabilecek yeni bitkisel pestisitlerin kesfini
hizlandirmamiza yardimci olmaktadir. Bu siireg
potansiyel ilag Dbilesiklerini inceleyerek bitki
hastaliklari, zararll organizmalar ve diger tarim
sorunlarini hedeflemede o6nemli bir ara¢ haline
gelmektedir.
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Bu ¢alisma, elma ickurdu zararlisinin kontroliinde in
siliko yontemle geleneksel tarim ilaglar1 yerine
kullanilabilecek  alternatif, dogal, yeni aday
molekiillerin belirlenmesini amaglanmaktadir.
Boylece geleneksel kimyasal ilaglarin olusturdugu
cevresel risklerin ve diren¢ sorunlarinin istesinden
gelmek icin, ilag gelistirmede hizli, az maliyetli ve etkin
olan in siliko yontem kullanilarak yeni potansiyel ilag
molekiiller tanimlanacaktir.

2. Materyal ve Metot

Bu ¢alisma elma ickurdunun voltaj kapili sodyum
kanallarini hedefleyen, piyasada bu zararhyla
miicadele kullanilan ilaglardan daha etkili ve dogal
insektisit molekiillerin tespit edilmesi
amacglanmaktadir. Bu amagla PDB [10] veri
tabanindan NavAb voltaj kapili sodyum kanalinin 2.80
A céziiniirliige sahip 3rvz kristal yapisi ile Dr. Duke
[11] veri tabanindan insektisit olma 6zelligi olan bitki
aktif molekiil tespit edilmistir. Se¢ilen bu bitki aktif
molekiilleri (Candidate Plant Bioinsecticides) ile
kiyaslama yapabilmek i¢in piyasada bulunan 5 adet
ticari insektisit (Commercial Insecticides) molekiilii
de calismaya dahil edilmistir. Bitki aktif molekiilleri ve
ticari insektisitlerin pdb dosyalarini kenetlenme
calismalarinda kullanildigindan, molekiillerin sdf
dosyalarini indirmek icin PubChem [12] veri tabani
kullanilmistir. ~ Segilen molekiillerin  konformer
taramalari, geometri optimizasyonlar1 ve Kkantitatif
yapi-aktivite iliskisi (QSAR) analizi i¢cin Spartan’ 14
[13] programinda Molekiiler Mekanik /MMFF
Arayiizii [14] ve yar1 deneysel PM6[15] Arayiizi
kullanilmistir. Molekiiler kenetlenme ¢alismalari,
Autodock Tools 1.5.6 [16] ve Autodock Vina [17]
programlariyla gerceklestirilmistir. Molekiiler
kenetlenmede ligandlarin 3rvz proteinine baglanma
boélgesi koordinatlar1 x = -53.459, y = -64.437, z = -
72.178 ve grid box biiyiikliigii 40x40x40 A3 olarak
secilmistir. Kenetlenme sonrasinda secilen ligandlar
bu bolgeye baglanarak olusan kompleks yapinin

gorsellestirmek icin BIOVIA Discovery Studio
Visualizer [18] programi kullanilmistir.  Bu
gorsellestirme programiyla ligand protein

etkilesimleri detayli analiz edilmistir. Ligandlarin
hedef bolgede etkilesime girdigi aminoasitlerle olan
mesafesi, bag tiiri tespit edilmistir. Bitki aktif
molekiillerin biyoaktiflik ve ADME (emilim, dagilim,
metabolizma ve atilim) 6zelliklerini tahmin etmek i¢in
ilac olma potansiyellerini degerlendirmek icin
SwissADME [19] veri tabani kullanilmistir.

3. Bulgular

Elma ickurdu kontroliinde Voltaj Kapili Sodyum
Kanallarini inhibisyon etkisi olan aday ilaglarin
fizikokimyasal parametreleri hesaplanmistir. Hedef
protein olarak secilen 3rvz proteini ile 97 adet bitki
aktif molekiilii ile kenetlenme gerceklestirilmistir. 97
adet bitki aktiflerinden korelasyon saglayan 42 adet
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molekiil ve 5 insektisit molekiiliin fizikokimyasal Tablo 4’te c¢alisilan 97 adet molekilin excel
parametreleri Tablo 1’ de gosterilmistir. programinda baglanma afinitelerine karsilik, hacim,

alan, log P, elektrofilik indeks ve elektronegatiflik
Kenetlenme sonrasinda ligand molekiliintiin hedef parametrelerinin korelasyon egrileri ve hesaplanan R2
proteinde secilen bolgede aminoasitlerle girdigi degerleri verilmistir.

etkilesim tiiriinii ve bag mesafesini gosteren Tablo 2
ve Tablo 3 sekildeki gibidir.

Tablo 1: Ticari insektisitler (Commercinal Insecticides) ve ila¢ aday1 bitki aktif molekiilleri(Candidate Plant Bioinsecticides)’
nin fizikokimyasal parametreleri

A \ Ma LogP X [ Enomo ELumo 1] BE Ki
CI-1 427.84  412.67 505.206 3.81 5.05 3.03 -9.27 -0.84 6.05 -10.5 2.0x108
CI-2 439.88  429.72 419.908 2.69 4.85 2.67 -9.25 -0.45 4.51 -10.4 2.3x108
CI-3 43595  421.55 449.856 3.13 5.00 2.89 -9.33 -0.67 3.02 -10.2 3.3x108
CI-4 42135  403.35 416.304 3.14 4.82 2.65 -9.2 -0.44 3.35 -10 4.6x108
CI-5 408.74 402.1 416.304 3.14 4.89 2.74 -9.26 -0.53 4.95 -9.7 7.7x108
L-1 405.76  442.05 504.45 -5.74 5.44 4.82 -8.51 -2.37 3.27 -12.9 3.4x1010
L-4 558.75  578.92 584.71 -1.52 4.59 2.66 -8.55 -0.63 5.71 -11.2 6.1x10°
L-7 341.05  336.27 348.358 -0.77 5.47 3.90 -9.31 -1.63 7.89 -10.9 1.0x 108
L-9 42423 41551 379.504 0.89 4.79 2.47 -9.44 -0.15 2.39 -10.6 1.6x10%
L-11 439.61 462.8 494.537 1 5.46 3.20 -10.12 -0.8 3.39 -10.2 3.3x108
L-12 421.11 433.4 480.466 -1.7 4.84 2.67 -9.22 -0.46 6.63 -10.1 3.9x108
L-13 36182 37397 359.51 1.23 3.89 1.59 -8.64 0.87 4.27 -10.1 3.9x108
L-14 396.83  389.86 394.423 -2.58 4.32 241 -8.17 -0.46 1.68 -10 4.6x108
L-16 427.79 446.91 453.576 -1.54 3.53 1.20 -8.71 1.66 1.97 -9.9 5.5x108
L-18 389.15 386.01 398.411 -3 4.45 2.35 -8.65 -0.24 2.87 -9.8 6.5x108
L-19 326.27 304.23 285.343 0.46 4.74 2.82 -8.72 -0.76 4.21 -9.8 6.5x108
L-21 269.55 268.43 265.312 -1.24 4.54 2.55 -8.6 -0.49 1.11 -9.6 9.1x108
L-22 400.07 391.36 394.423 -2.51 4.38 2.51 -8.19 -0.56 1.51 -9.6 9.1x108
L-27 382.35 388.2 440.469 -1.07 5.98 3.75 -10.75 -1.21 6.76 -9.3 1.5x107
L-28 301.05  278.06 256.301 -0.41 4.52 2.45 -8.7 -0.35 1.81 -9.3 1.5x107
L-29 298.57  290.35 292.29 -1.28 499 3.13 -8.96 -1.01 3.25 -9.2 1.8 x107
L-33 333.15  339.36 362.378 -0.33 5.41 3.27 -9.88 -0.94 5.99 -8.9 2.9x107
L-36 258.28  223.58 182.222 2.36 4.94 2.84 -9.23 -0.65 3.04 -8.7 4.1x107
L-37 329.47  310.39 289.375 1.08 4.52 2.28 -9.02 -0.03 3.32 -8.6 49x107
L-38 26649  248.55 232.279 0.21 4.47 2.35 -8.73 -0.21 5.35 -8.5 5.8x107
L-40 269.89 266.9 234.387 1.87 2.36 0.51 -7.78 3.07 1.62 -8.3 8.2x107
L-41 291.69 270.89 248.322 1.42 4.24 2.29 -8.17 -0.31 5.42 -8.2 9.7x 107
L-42 269.2 264.67 262.305 2 5.45 3.07 -10.29 -0.61 4.26 -8.2 9.7x107
L-44 197.32 184.89 188.182 0.75 5.78 4.34 -9.63 -1.93 1.46 -7.9 1.6x10¢
L-47 200.62 179.29 150.221 1.56 4.19 1.92 -8.74 0.37 1.51 -7.6 2.6x10°
L-51 204.34 180.61 162.188 1.57 5.22 3.08 -9.65 -0.79 2.12 -7.4 3.7x10¢
L-54 194.04 176.62 136.238 2.96 3.75 1.53 -8.32 0.83 1.2 -7.2 5.2x10%°
L-55 199.36  179.17 150.221 241 499 2.53 -9.89 -0.08 3.87 -7.2 5.2x10¢
L-57 198.67  180.97 164.204 1.67 5.03 3.09 -9.12 -0.94 458 -7.2 5.2x10¢
L-61 197.15 176.7 136.238 3.01 3.83 1.40 -9.09 1.42 0.94 -7.1 6.2x 106
L-62 199.46  179.17 150.221 241 499 2.53 -9.89 -0.08 3.87 -7.1 6.2x 106
L-67 196.56  176.55 136.238 3.01 3.83 1.39 -9.11 1.44 0.88 -6.9 8.7x 10
L-68 207.85 188.12 154.253 21 3.79 1.34 -9.14 1.56 1.63 -6.8 1.0x 105
L-70 199.89 179.32 -116.09 2.41 4.97 2.53 -9.86 -0.08 3.61 -6.8 1.0x 105
L-72 206.7 187.43 154.253 3.07 4.45 1.87 -9.72 0.83 3.49 -6.8 1.0x 105
L-74 201.15 185.45 168.236 2.06 4.67 1.93 -10.32 0.98 5.17 -6.7 1.2x10°5
L-75 201.01 182.41 152.237 2.68 4.54 2.07 -9.5 0.43 3.6 -6.7 1.2x10°%
L-76 202.45 181.99 152.237 2.54 4.59 1.98 -9.92 0.73 3.17 -6.6 1.4x105
L-78 211.34 184.83 136.238 3.28 4.18 1.86 -8.88 0.52 0.87 -6.6 1.4x 105
L-81 202.06  182.63 152.237 1.83 4.26 1.65 -9.77 1.25 1.7 -6.5 1.7x 105
L-83 225.2 196.96 154.253 2.55 4.05 1.63 -9.09 0.98 2.07 -6.3 2.4x10°
L-84 184.58  170.76 136.238 2.9 3.72 1.32 -8.96 1.53 0.49 -6.1 3.3x10°

Tablo 2: Ticari insektisitler (Commercial Insectisictedes) ve ila¢ aday1 bitki aktif molekiilleri (Candidate Plant
Bioinsectisicdes)’ nin etkilesime girdigi aminoasitlerin ortak tablosu

Arg (R), Glu (E), Gly (G), lle (I), Leu (L), Met (M), Phe(F), Pro (P), Thr (T), Trp (W), Tyr (Y), Val (V)

Gelencksel Hidvojen Bag [ r st2ma Karbon Hidrojen Baz [ #1701 Bag Fi Alkdl Bag P Silfir PiAnyon
n © o - o ~ [~ - o~ < n
[ 5 R S A = S S N i bl s & ) @ o
o =1 o - - - — - - = - — - - - -
- — p - - - - - - - - - - b
o = w w > - > = = s - o - [T] w o
Cl-1 4.3 3.92 5.44 4.77
Cl-2 3.96
CI-3 4.52 5.5
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Cl-4
Cl-5
L-1
L-4
L-7
L-9
L-11
L-12
L-13
L-14
L-16
L-18
L-19
L-21
L-22
L-27
L-28
L-29
L-33
L-36
L-37
L-38
L-40
L-41
L-42
L-44
L-47
L-51
L-54
L-55
L-57
L-61
L-62
L-67
L-68
L-70
L-72
L-74
L-75
L-76
L-78
L-81
L-83
L-84

4.53

421 435 3589 5.04
[4s5 413 374 4.82
3.37 4.56 4.35
IS77NEEN 473
426 438 4 4.21
3.47 4.73
3.51 42 364
425 3,64
4,64 436 (12831
5.28 (13731 282
452 415 392 457 5.43
4.73 3.99 4.76
421 398 [EF8N 4.07
4.16
4.82 3.82
41 4.69
STEE 475 4

5.48

5.37

4.86

3.66

5.4

481 7N 38

sas N
w2 S
3.37 4.36

215

253
st
5.45
4.86
.
4.95

Tablo 3: Ticari insektisitler (Commercial Insectisictedes) ve ila¢ aday: bitki aktif molekiilleri (Candidate Plant
Bioinsectisicdes)’ nin etkilesime girdigi aminoasitlerin ortak tablosu (Devami)

< =) -] un

€ § § § & § & = &8 & 8 & § g 8 32

by b s s b [ & s o N g = o N o S
! 388 ECT
cl-2 455 BSE7N 531
c1-3 5.13
Cl-4 4.32 5.32
crs 555
L-1 PEE 533
L-4 3.22 4.59
L7 [ 384 5.17
L-9 5.46
L-11
L-12
L-13 4.58
L-14 | 595 | 4.88
L-16 449 45 442
L-18 525 402 463
L-19 4.42
L-21 5.46 [ 529
L-22 4.61 437 517 461
L-27 28
L-28 [ 482 | 4.2 5,33
L-29 4.33
L-33 aEan 412 L 245
L-36 512 515 5.45 417 5.04
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L-37
L-38
L-40
L-41
L-42
L-44
L-47
L-51
L-54
L-55
L-57
L-61
L-62
L-67
L-68
L-70
L-72
L-74
L-75
L-76
L-78
L-81
L-83
L-84

5.04

3.98
4.99

5.62

5.42 4.94

4.36

5.06
4.57

4.8

4.43
453

4.6
4.65 4.51
4.24 4.92 4.07 4.38
3.93 5.19
2.97
5.24
531
5.27 5.29

Tablo 4: Calisilan molekillerin hacim (V), alan (A),
lipofilisite(LogP), elekrofilik(w), elektronegatiflik (x) R2
grafikleri

\%

R?=0,8168

A

R*=0,8104

e

R
ot
]

LogP

R?=0,717

w

R?=0,7104

molekilleri ile kiyaslama yapabilmek icin elma
ickurdu ile miicadelede kullanilan ilaglar ile hedef
proteinin etkilesimiyle bulunan veriler kullanilmistir.

Yapilan regresyon analizleri sonucunda bitki aktif
molekiillerin hesaplanan parametrelerinin -5.74 <
logP <2.9,0.15<1<7.89,47.08 < a <87.14,115.25 <
A <565.77,99,41 <V <363.52, 78.114 < Ma < 584.71,
-1928.61 < enerji < 251.44,3.07< 1<5.19,0,10< S<
0.16, 1.20 < w < 4.82, 3.89 < x < 5.47 araliginda
degistigi gozlemlenmistir.

Elma ickurdu ile miicadelede yaygin olarak kullanilan
ilag molekiilleri ile hedef protein arasindaki baglanma
afiniteleri, molekiiler kenetlenme analiziyle
hesaplanmistir. Analiz sonucunda elde edilen afinite
degerleri sirasiyla, CI-1 10,5 kkalmol?, CI-2 10,4
kkal.mol-%,CI-3 10,2 kkal.mol!, CI-4 -10 kkal.mol-1, CI-
5 -9,7 kkal.mol! olarak bulunmustur.

Referans alinan ilaglarin (CI-1, CI-2, CI-3, CI-4, CI-5),

Parametreler R? degeri

hedef proteinin istenilen bolgesinde gerceklesen

R?=0,7035

0.8168
0.8104
0.7170
0.7104
0.7035

- \%
J:}, A
T LogP
. .._. '. L 0)
' X

aminoasit etkilesimleri degerlendirilmistir. Bu
baglamda, CI-1 molekiiliiniin Phe1079, Phel107,
Val1110, Val1120 aminoasitleriyle pi alkil bagi
olusturdugu, ayrica Leu2136 ve Val2204
aminoasitleriyle T-sigma bag etkilesimi

4. Tartisma ve Sonug

Elma ickurdunu kontrol altina almak, dogal ve etkili
insektisitleri gelistirmek icin insektisit 6zelligi
bulunan bitki aktiflerinin molekiiler kenetlenme
metodu ve Kkantitatif yapi-aktivite iliskileri
modellemeleri kullanilarak analizi yapildi. Analizde
kullanilan fizikokimyasal parametreler, aminoasit
etkilesim tablosu ve lineer regresyon grafikleri Tablo
1, Tablo 2, Tablo 3, Tablo 4 te verilmistir. Calisilan
molekiillerin  giinimiizde  kullanilan  insektisit
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gozlemlenmistir. CI-2  molekiliiniin  Phel171,
Trp2195 aminoasitleriyle m-m  bag, I[le2199
aminoasitiyle m alkil bagi, ve Phel1167 aminoasitiyle
en yakin olan m-sigma bag etkilesimleri
belirlenmistir. CI-3 molekiiliiniin Phe1079, Ile1124,
Val2204 aminoasitleriyle m alkil bag etkilesimi tespit
edilmistir. CI-4 molekiiliiniin Phe1079, Phel1107,
Val1110, Val120, Ile1124, Leu2136, Val2204
aminoasitleri ile toplam 7 adet m alkil bag: etkilesimi
saptanmistir. CI-5 molekiili ise hedef bodlgede 6
etkilesime sahiptir: En yakin m-sigma bag etkilesimi
Val1110 aminoasitiyle gozlemlenmistir, ayrica
Phe1079, Phe1107, Phe2140 aminoasitleriyle m-
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bagi olustururken Val1120 ve lle1124
aminoasitleriyle m alkil bag etkilesimi yapmistir.

Calisma sonuglarina dayanarak, baglanma afinite
degeri -10,9 kkal.mol! olan L-7 molekiild, referans
molekiillerle ortak olan Val1110, Val1120, Val2204
aminoasitler ile bag mesafesi daha yakin m alkil bag
etkilesimi gorilmistiir. Bununla birlikte, Trp1076
aminoasiti ile 3,4 A’ luk daha da yakin karbon hidrojen
bag etkilesimi kurmustur. Ozellikle referans ilaclara
kiyasla daha yakin m alkil baglar1 olusturan
camptothecin molekiilii, ayrica Trp1076 aminoasiti ile
olusturdugu yakin karbon hidrojen bagi ile afinitenin
artmasina katki saglamistir.

L-9 molekiili -10,6 kkal.mol! baglanma afinitesiyle
referans molekiillerden daha yiiksek degere sahiptir.
Deltamethrin molekiilii ile kiyaslandiginda Phe1079,
Val1110, Val1120 aminoasitleri etkilesiminin ortak
oldugu, benzer bag tiirleri sahip oldugu, Phe1079 ve
Val1110 aminoasitleriyle daha yakin bag mesafesi,
Val2204 aminoasitiyle daha uzun bag mesafesi
gozlemlenmistir.

Yapilan analizler sonucunda insektisit molekiillerinin
¢ogunlukla Phel079, Phel1107, Vall1110, Val1120,
[le1124, Val2204 aminoasitleri ile m alkil, - ™ bag1 ve
m sigma bag etkilesim yaptigi, m alkil baglarinin
fazlaca gorildigu, insektisitlerin afinite degerlerinin
daha ytksek oldugu goézlemlenmistir. Aday insektisit
molekiillerinin piyasada satilan insektisitlere nazaran
farkli aminoasitlerle farkli bag tiiriinde etkilesiminin

oldugu, giiclii afinite gosterdigi saptanmustir. Insektisit
molekiilleri ile karsilastirma yapildiginda geleneksel
hidrojen baglan ile etkilesimi olan L-12, L-16, L-18
molekiillerinin yanm sira L-1, L-4, L-7, L-9, L-11, L-13,
L-14, L-19 molekillerinin insektisit molekiillerine
benzer ve hatta daha iyi korelasyon sergiledigi
belirlenmistir.

Yapilan calismada lineer regresyon grafiginden elde
edilen sonuglar da analizde kullanilmistir. Lineer
regresyon sonuglarinin oldugu Tablo 4 incelendiginde
en ylksek korelasyonu saglayan hacim ve alan
parametrelerinin R% degerleri sirasiyla 0.8168, 0.8104
olarak bulunmus, istenen korelasyon
304.23<V<578.92, 236.27<A<565.77 araliginda oldugu
tespit edilmistir. Lipofilite parametresinin R?2
degerlerinin 0.7170 oldugu belirlenmis, lipofilik
ozellige sahip ligandlarin log p degerleri -5.74 < log P
<1.23 araliginda degisiklik gostermistir.
Elektronegatiflik ve elektrofilik indeks onemli bir
diger parametrelerdir. Onerilen korelasyon degerleri
241 sw< 4.82, 445 <x< 544 araliginda olan
elektronegatiflik ve elektrofilik indeksin R? degerleri
sirasiyla 0,7104 ve 0,7035 olarak saptanmistir.

Calisma sonucunda, Tablo 5 te 2D yapilann ve
SwissADME haritalar1 gosterilen, iyi korelasyon
saglayan, ila¢ olma potansiyeline sahip L-7, L-9, L-13,
L-14, L-16, L-18, L-19 aday molekiilleri 06ne
¢ikmaktadir. Bu molekiillerin in vivo deneysel olarak
incelenmesi 6nerilmektedir.

Tablo 5: L-7, L-9, L-13, L-14, L-16, L-18, L-19 molekiillerinin 2D yapilar1 ve SwissADME haritalar1

2D Yapilar Swissadme Haritalar1

2D Yapilar Swissadme Haritalari

FLEX SIZE

INSATU POLAR

INSOLU

L-7 (Camptothecin)

LIPO

FLEX SIZE

INSATU POLAR

INSOLU

L-13 (Napelline)

o o,
N B
o
-
@
Hc a — -
o

uFo
0=

FLEX size

/™

-N/\|\
HH J
£ P

~_ |
n' Yo INSATU POLAR

HSOLL

L-9 (Celabenzine)

FLEX SIZE

/ \
[ 14
/
</
ATU

INSOLU

o,

INS,

POLAR

L-14 (Deguelin)
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LPO

HyCme
FLEX SIZE

INSATU

POLAR

INSOLU

L-16 (Delcosine)

FLEX T SIZE
INSATU POLAR

INSOLU

L-18 (Deoxpodophyllotoxin)

1]

FLEX SIZE
INSATU POLAR

INSOLU

L-19 (Piperine)

Etik Beyani

Bu ¢alismada, “Yiiksekégretim Kurumlari Bilimsel
Arastirma ve Yayin Etigi Yénergesi” kapsaminda
uyulmast gerekli tiim kurallara uyuldugunu, bahsi
gegcen yoénergenin “Bilimsel Arastirma ve Yayin Etigine
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Anahtar Kelimeler Ozet: Saglikh bireylerde, kan glikoz degeri dar bir aralikta korunur. Insiilin
Glilf_O_Z. hormonu, kan glikoz konsantrasyonu artisi ile birlikte salgilanir. Dokularda glikoz
Insiilin, kullanimini artirip karacigerde glikoz iiretimini azaltarak, glikoz konsantrasyonun
Glukagon, normal seviyelere diismesini saglar. Glukagon ise, glikoz konsantrasyonu

Matematik model diistiigiinde salgilanir ve karacigerden glikozun serbest birakilmasimi artirarak,

glikoz konsantrasyonunun artmasina etki eder. Insiilin ve glukagon hormonlarinin,
karacigerde glikoz iiretimi iizerine olan bu zit etkileri bilinmesine ragmen, es
zamanli insiilin ve glukagon artisinin karacigerde glikoz iiretimine etkisi hakkinda
yapilmis az sayida in vivo calisma vardir. Insiilin ve glukagonun, es zamanh
artisinda, karacigerden glikoz c¢ikisini test etmek icin bir matematik model
gelistirilmistir. Glikoz, insiilin ve glukagon dinamiklerini iceren bu model, glikoz
tolerans testi, insiilin infiizyonu, insiilin ve glikoz infiizyonu, glukagon infiizyonu
calismalarina benzer sonuglar verdigi goézlenmistir. Daha sonra, modelde, es
zamanli olarak, insiilin ve glukagon infiizyonu ile, kan insiilin ve glukagon
konsantrasyonlar1 yaklasik 4 katina c¢ikarildiginda, karacigerden glikoz ¢ikisinin
azaldig1 gozlenmistir. Bu sonug, insiilin hormonunun karaciger glikoz {iretimini
inhibe edici 6zelliginin, glukagonun glikoz liretimini uyarici etkisinden daha gti¢lii
oldugu hipotezini desteklemektedir.

Analysis of the Effect of Simultaneous Increase in Insulin and Glucagon Concentrations
on Hepatic Glucose Production Using a Mathematical Model

Keywords Abstract: In healthy individuals, blood glucose levels are maintained within a

GIUCO_S& narrow range. The hormone insulin is released in response to an increase in blood

g;suhn, glucose concentration. By enhancing glucose uptake in tissues and reducing glucose
ucagon,

production in the liver, it helps lower glucose concentration to normal levels.
Conversely, glucagon is secreted when glucose concentration decreases and
stimulates the release of glucose from the liver, thereby increasing glucose
concentration. Despite the known opposing effects of insulin and glucagon on
hepatic glucose production, there have been few in vivo studies investigating the
simultaneous effects of increased insulin and glucagon levels on hepatic glucose
production. A mathematical model was developed to test the hepatic glucose output
during simultaneous insulin and glucagon elevation. This model, incorporating
glucose, insulin, and glucagon dynamics, has been observed to produce results
similar to those obtained in glucose tolerance tests, insulin infusion studies, insulin
and glucose infusion studies, and glucagon infusion studies. Subsequently, when
insulin and glucagon infusion were simultaneously increased, resulting in
approximately fourfold elevation of blood insulin and glucagon concentrations, a
decrease in hepatic glucose output was observed. This finding supports the
hypothesis that the inhibitory effect of insulin on hepatic glucose production is
stronger than the stimulatory effect of glucagon on glucose production.

Mathematical model

*[Igili yazar: aydnperihanhatice@gmail.com 268


https://orcid.org/0000-0002-5520-6888
https://orcid.org/0000-0002-6183-9235

P.H. AYDIN vd. / Es Zamanli insiilin ve Glukagon Konsantrasyon Artisinin Karaciger Glikoz Uretimine Etkisinin Matematik Model Kullanarak Analizi

*Bu g¢alisma, Perihan Hatice Aydin'in 'Glikoz, insiilin ve glukagon etkilesimi matematik
modeli' baglikli ytliksek lisans tezinden iiretilmistir.

1. Giris

Saglikli bir insanda, kan glikoz konsantrasyonu dar bir
aralikta (70-110 mg/dL) kontrol edilir. Kan glikoz
konsantrasyonunun bu dar aralikta tutulmasi,
viicudun saglikh bir sekilde ¢alismasi icin onemlidir.
insiillin  ve glukagon normal kan glikoz
konsantrasyonunu korumak icin énemli geri bildirim
kontrol sistemleri olarak islev goriirler. Glikoz
konsantrasyonu yiikseldiginde, artan insulin salinimi,

kan glikoz konsantrasyonunu normal seviyelere
dogru azaltmaktadir [1-7]. Dusik kan glikozu
durumunda ise, glukagon, Kkaracigerdeki glikoz

depolarin1 parcalayarak (glikojenoliz), kan glikoz
seviyesini artirir. Beyin, retina ve gonadlarin germinal
epiteli optimal enerji ihtiyaglarini karsilamak icin
yeterli miktarda kullanabilecekleri tek besin
glikozdur. Bu nedenle, kan glikoz konsantrasyonunun
sabit seviyede tutulmasi gerekir. Karaciger, 6nemli

kan glikoz kontrol mekanizmasi olarak islev
gormektedir.  Yemekten sonra kan  glikoz
konsantrasyon seviyesi yilikseldiginde ve insiilin

salimim hiz1 arttiginda, bagirsaktan emilen glikozun
yaklasik ticte ikisi glikojen formunda karacigerde
depolanmaktadir. Kan glikoz konsantrasyonu ve
instlin salinim hiz1 distigiinde, karaciger daha
sonraki saatlerde glikozu tekrar kana salarak serbest
birakir. Boylece, karaciger kan glikozu seviyesindeki
dalgalanmalar1 azaltir. Ancak, ciddi Kkaraciger
hastaliklarinda kan glikoz konsantrasyonunu dar bir
aralikta tutmak neredeyse imkansiz hale gelmektedir

2].

Normal kosullar altinda, insilin ve glukagon,
normoglisemiyi (kan glikoz konsantrasyonun normal
seviyesi) saglamak i¢in zit yonde etki eden diizenleyici
hormonlardir. Insiilinin karacigerde glikoz iiretimini
azalticr etkisi olmasina karsilik glukagonun ise
karacigerde glikoz iiretimini artirici etkisi oldugu
cesitli in vivo ve in vitro ¢alismalarda gosterilmistir.
Fakat, insiilin ve glukagonun es zamanli artisinin
karaciger glikoz tretimi iizerine etkisini inceleyen
calismalar nispeten azdir [8]. Bu ¢alismamizda, insiilin
ve glukagonun es zamanl ve es kath konsantrasyon
artisinin karaciger glikoz iiretimi {lzerine etkisini
matematik model kullanarak analiz  etmek
amagclanmistir.

2. Materyal ve Metot

Bu calismada, Stolwijk ve Hardy'nin matematik
modelindeki glikoz ve insiilin dinamiklerine, glukagon
mekanizmalar1 entegre edilmistir. Bu sekilde
gelistirilen yeni model matlab/simulink’te
kurulmustur [9,10]. Stolwijk ve Hardy'nin modelinde,
karacigerden kana glikoz ¢cikisi normal degerinde sabit
olarak kabul edilmistir. Fakat karacigerden kana
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glikoz gecisi, kan glikoz konsantrasyonu, insiilin ve
glukagon konsantrasyonlarina bagh olarak
degismektedir. Glikoz konsantrasyonu arttig1 zaman,
karaciger glikoz c¢ikisi azalmakta, kan glukagon
konsantrasyonu arttifl zaman ise karaciger glikoz
cikis1 artis gosterir. insiilin hormonu ise karacigerden
kana glikoz gecisini inhibe etmektedir. Ayrica, kan
glikoz seviyesi azaldiginda, glukagon sekresyonu
artarak, karacigerden glikoz cikisini artirarak, kan
glikoz regiilasyonunda énemli fonksiyon gérmektedir.
Bu sebeplerle, fizyolojiye daha yakin bir model
gelistirmek amaciyla, Stolwijk ve Hardy'nin
modelinde, karacigerden glikoz ¢ikisi tizerine insiilin,
glukagon ve kan glikoz konsantrasyonlarinin etkileri
ve glikoz konsantrasyonu azaldiginda aktive olan
glukagon mekanizmalart  eklenmistir. Bdylece
gelistirilen yeni matematik modelin bilgisi 2.1.
kisminda verilmektedir.

Tablo 1. Model Parametrelerinin Sembol, Tanim ve Normal

Degerleri
Sembol Tanim Normal Degerler
Ga Karacigerden 8400 (mg/saat)
kana glikoz
¢1kis1 normal
degeri
Gk Glikoz 0.81(mg/ml)
Konsantrasyonu
T Insiilinden 2470 (ml/saat)
bagimsiz doku
glikoz kullanimi
sabit kaysayisi
w Insiiline bagimh 139000(mg
doku glikoz glikoz/saat)(1/(
kullanimi sabit | mUinsiilin/ml))(1
katsayis1 /(mg glikoz/ml))
ik Plazma insiilin 0.055 (mU/ml)
konsantrasyonu
is Insiilin 418 (mU/saat)
sekresyonu
Nis Normal insiilin 418 (mU/saat)
sekresyonu
Iy Insiilin y1ikimi 418 (mU/saat)
Q idrar glikoz 7200 (ml/saat)
kaybi katsayisi
M Kan glikoz 2.5 (mg/ml)
konsantrasyonu
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-tlibiiler
reabsorbsiyon
esik degeri

ESSH

Ekstraseliiler
s1v1 hacmi

15000 ml

Insiilin klerens

7600 (ml/saat)

Insiilin
salgilama
katsayis1

1430(mU/ml)(m
g/saat)

Insiilin
salgilanmasinin
durdugu esik
glikoz
konsantrasyonu

0.51 (mg/ml)

Glk

Glukagon
konsantrasyonu

58 (pg/ml)

Gs

Glukagon
sekresyonu

2436000(pg/saat
)

Gns

Normal
glukagon
sekresyonu

2436000
(pg/saat)

Gc

Glukagon
klerens

42000 (ml/saat)

Gy

Glukagon yikimi

2436000
(pg/saat)

Insiilin
konsantrasyonu
n karacigerde
glikoza
etkisi(N)

1

Glikoz
konsantrasyonu
n karacigerde
glikoza
etkisi(N)

Glukagon
konsantrasyonu
n karacigerde
glikoza
etkisi(N)

Insiilin
konsantrasyonu
n glukagon
sekresyonuna
etkisi(N)

Glikoz
Konsantrasyonu
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n glukagon
sekresyonuna
etkisi (N)

E Glukagon 1
konsantrasyonu
n insiilin
sekresyonuna
etkisi(N)

Ginf Glikoz infiizyon 0

Glinf Glukagon 0

infiizyonu

Insiilin 0
infiizyonu

finf

Toplam
karacigerden
glikoz ¢ikis1

tkge 8400 (mg/saat)

Insiilinden
bagimsiz glikoz
kullanimi

ibgk 2000,7 (mg/saat)

6192,45
(mg/saat)

Insiiline bagimh
glikoz kullanimi

Idrarda glikoz 0
cikisi

ige

8193,15
(mg/saat)

tgk Toplam glikoz

kullanimi

2.1. Gelistirilen matematik model

Glikoz-insiilin-glukagon etkilesimi iceren model, 7
adet blok ile asagida agiklanmaktadir. Modelin blok
diyagrami Sekil 1’de, Matlab-Simulink diyagrami ise
ekte yer alan Sekil 2’ dedir. Modelin, degisken ve

parametreleri hakkinda bilgiler Tablo 1’de yer
almaktadir. Model denklemleri, 0.01 saat adim
genisligiyle = Runge-Kutta 4 sayisal yontemi

kullanilarak 2021b Matlab/Simulink 'te ¢oziilmiistiir
(Sekil 2).

Blok 1: Glikoz Konsantrasyonu

Modelde, tkgg, karacigerden glikoz ¢ikisi, tgk, toplam
glikoz kullanimi, ESSH, ekstraseliiler sivi hacmi ve Ginf
glikoz infiizyonu olmak iizere, glikoz konsantrasyonu
(Gk) denklem 1’de hesaplanmaktadir.
Simiilasyonlarin birka¢ saatten fazla olmamasi,
kanama veya kan hacmini artirici uygulamalar
yapilmamasi sebebiyle, ekstraseliiler (hiicre disi) sivi
hacminin normal degerinde sabit kaldigi kabul
edilmistir.
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dGk  tkgg+ Ginf —tgk

(1) : : O .
dt ESSH Kar} gllkoz konsaptrasyonu e.slk"d.egerm lizerinde ise,
insiilin salinimi (Is), normal insiilin sekresyonu (Nis),
kan glikoz konsantrasyonunun normalize insiilin
v v f
7T Glikoz . , insiilin ol
' :--{ Konsantrasyonu y [Meuin Szkresyonu »| Konsantrasyonu f---------- R e -
I 1 3 [T H H :
i H A E i H
i : ¥ E 3 !
P fan! Glikoz Kullamimi |« |
oo 4 ! '
E E PTTTTTTTTTTTsmsssssssmssssssssmees ; H
b ;
; Glukagon Glukagon | = f----- » Karacigerden Glikoz
RS Sekresyonu »| Konsantrasyonu » Cikigi :
E 5 6 7 !
i x K ;
: : - ;
: e o o 4 " ..................................
| :
L e o e e —i

Sekil 1. Blok Diyagram. Diiz ok ayn1 yonde etkiyi, noktali ok ise zit yonde etkiyi temsil etmektedir

Blok 2: Insiilin Sekresyonu

insiilin sekresyonunda en énemli faktér plazma glikoz
konsantrasyonudur [11]. Kan glikoz konsantrasyonu
artisi, pankreastan insiilin salinimini artirirken, glikoz
konsantrasyonu azalisi, insiilin sekresyonunu azaltir
[12-15]. Insiilin sahmminda etkili faktérlerden birisi
de glukagon hormonudur. Plazma glukagon artisi,
instlin sekresyonunu uyarirken, glukagon
konsantrasyonu azalisy, insiilin salinimi tizerine inhibe
edici etkisi bulunmaktadir [15-20]. Gelistirdigimiz
modelde, insiilin sekresyonunun, kan glikoz
konsantrasyonu ve glukagon konsantrasyonuna bagh
olarak degistigi kabul edilmistir.

Stolwijk ve Hardy’nin modeline [9,10] benzer sekilde;
Gk, kan glikoz konsantrasyonu; K, instilin saliniminin
durdugu kan glikoz esik degeri; Nis, normal insiilin
sekresyonu ve Z, Insiilin salgilama katsayisi olmak
iizere, kan glikoz konsantrasyonun insiilin sekresyonu
iizerine olan normalize etkisi (F) -denklem 2 ‘te
hesaplanmaktadir.

Glukagonun, instilin sekresyonu iizerine etkisi, Schade
ve arkadaslarinin yaptigi deneysel calisma [21]
sonuclarindan elde edilen veriler kullanilarak, egri
uydurma yontemi ile denklem 3 elde edilmistir. E,
glukagonun (Glk) normalize insiilin sekresyonu
lizerine olan etkisini gostermektedir.
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sekresyonu iizerine etkisi (F) ve glukagonun
normalize insiilin sekresyonu iizerine etkilerinin (E)
carpimi olarak modellenmistir (denklem 4). Kan
glikoz konsantrasyonu esik degerin altinda ise,
Hardy’nin modeline- Stolwijk ve Hardy [9,10] benzer

sekilde, insiilin sekresyonunun durdugu kabul
edilmistir (denklem 5).
Zx(Gk — K
p o Zx @) (2)
Nls
0.05831
E =0.9808 + 1 001 _GUkx0.1643 (3)
0.3245+ e~ 11
[s=NisxFxE Gk>K 4)
is=0 Gk <K (5)

Blok 3: Insiilin Konsantrasyonu

s, insiilin sekresyonu, Iy, insiilin yikimi, {inf, insiilin
infiizyonu ve ESSH, ekstraseliiler sivi hacmi olmak
lizere, insiilin konsantrasyonu (ik) denklem 6’da
hesaplanmaktadir.

dik Is +linf — 1y

— = 6
dt ESSH (8)

Iy=LxIik (7N
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insiilin yikimi (ly), insiilin klerensi (L) ve insiilin
konsantrasyonun (ik) carpimi olarak modellenmistir
[9,10].

Blok 4: Glikoz Kullanimi

Modelde, toplam glikoz kullanimi (tgk), Stolwijk ve
Hardy’'nin modeline benzer sekilde, insiiline bagimli
glikoz kullanimi (igk), insiilinden bagimsiz glikoz
kullanimi (ibgk) ve idrarla glikoz kaybimin (igg)
toplami olarak hesaplanmaktadir-[9,10].

tgk = igk + ibgk + ig¢ (8)
Glikoz, ¢ogu dokuda insiilinden bagimsiz olarak
kolaylastirilmis difiizyon yoluyla gecis yapmak ister.
Dokularin insiilinden bagimsiz glikoz alma hizi1 (ibgk),

glikoz kullanom oram1 (T) ile kan glikoz
konsantrasyonun ¢arpimina esittir [9,10].
ibgk =T X Gk 9

Kas ve yag dokusu gibi baz1 hiicrelerde, glikozun
dokulara girisi insiiline bagimlidir. Hicrelerin glikoz
alma hiz1 (igk), plazmadaki insiilin konsantrasyonu
(ik) glikoz konsantrasyonu (Gk) ve insiiline bagiml
doku glikoz kullanim katsayis1 (W) ile orantilidir
[9,10].

igk = (W x Gk x k) (10)
Glikoz konsantrasyonu (Gk) belirli bir esik degerin
(M) altinda kaldiginda, kandaki glikoz idrara ge¢mez.
Ancak glikoz konsantrasyonu bu esik degeri astiginda,
bobrek tiibiiler glikoz reabsorbsiyonu yetersiz
kalir[22-25] boylece glikoz bobrekler tarafindan
glikoz konsantrasyonu (Gk) ve esik plazma glikoz
konsantrasyonu (M) arasindaki fark (Gk-M) ile orantili
(Q) sekilde idrara atilir (igg) [9,10].

Gk <M (11)

(12)

ige=10

ige = Q x (Gk — M)) Gk > M

Blok 5: Glukagon Sekresyonu

Glukagon sekresyonuna, kan glikoz konsantrasyonu
yaninda insiilin konsantrasyonu ve sinir sistemi
dogrudan etki etmektedir [26]. Kan glikoz
konsantrasyonunda azalma, glukagon salinimini
uyararak, karacigerden glikoz c¢ikisim1 artirmakta,
boylece kan glikoz seviyesini normal seviyeye
cikarmaya yardimci olmaktadir [27,28]. insiilinin ise
glukagon sekresyonu iizerine inhibe edici etkisi
vardir. Insiilin konsantrasyonunda artis, dogrudan
etki ile glukagon sekresyonunu azaltmaktadir[29].
Modelde, glukagon sekresyonunun, kan glikoz
konsantrasyonu ve insiilin konsantrasyonuna bagh
olarak degistigi kabul edilmistir.
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Dale ve arkadaslar1 tarafindan yapilan deneysel
calisma sonuglarindan elde edilen verilerin , egri
uydurma yontemi ile kullanilmasi sonucunda, insiilin
konsantrasyonuna bagh olarak, normalize glukagon
sekresyonunun nasil degistigi (D) bulunmustur
(denklem  14)[30]. Ayni1 sekilde, Jhon ve
arkadaslarinin deneysel ¢alisma sonug¢larindan elde
edilen veriler ile, kan glikoz konsantrasyonunun,
normalize glukagon salinimi iizerine etkisi tespit
edilmistir (J) (denklem 15) [1]. Boylece, glukagon
sekresyonu (Gs), normal glukagon sekresyonu (Gns)
ile insiilinin ve glikoz konsantrasyonlarinin, normalize
glukagon sekresyonuna etkilerinin ¢arpimi olarak
modellenmistir (denklem 13).

Gs =D X ] X Gns (13)
D1 0.002572
=17 Tkx(—8.655) (14)
0.02655 + e*7%° 02578
0.03961
J =0.8561+ =) (15)
0.01 + e0.1244
Blok 6: Glukagon Konsantrasyonu
Glukagon konsantrasyonu (Glk), Gs, glukagon

sekresyonu, Gy, glukagon yikimi, Glinf, glukagon
infiizyonu ve ESSH, ekstraseliiler sivi hacmi olmak
iizere, denklem 16’da modellenmistir.

dGlk  Gs + Glinf — Gy
dt ESSH

(16)

Blok 7: Karacigerden Glikoz Cikis1

Insiilin, dogrudan etki ile, karacigerde depolanmis
glikozun  yikimini  inhibe  etmekte, bdylece
karacigerden glikoz ¢ikis1 azalmaktadir. Diger yanda
ise, glukagon, karacigerde depolanmis glikozun
(glikojen) yikimini artirarak (glikojenoliz),
karacigerden glikoz c¢ikisini artirir. Artan kan glikoz
seviyesi  ise,  karacigerden  glikoz  c¢ikisini
azaltmaktadir.

Modelde, karacigerden toplam glikoz c¢ikisi (tkgg),
insiilin, glukagon ve glikoz konsantrasyonunun,
karacigerden normal glikoz ¢ikisina (Ga) etkilerinin
carpimu ile hesaplanmaktadir (denklem 17). insiilin
konsantrasyonun karaciger glikoz c¢ikisina etkisi (A),
Dale ve arkadaslarinin deneysel ¢alismalarindan [30]
egri uydurma ile elde edilmistir (denklem 18).
Glukagon ve glikozun karaciger glikoz ¢ikisina etkileri
ise Shulman [31] ve Cherrington [32] ¢alismalarindan
alinmistir (denklem 19 ve 20).

tkge = (A X B X C X Ga) (17)

155

A=22- (18)

1kx396.9

88.98 + %> s
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516 0.6841
=1.6— : 19
0.7251 + 58~ Ts05 )
1.402
C=0.7793 + 5 4_GUkX0.02621 (20)
1197 + e 2
3. Bulgular

Model sonuglari, gercek veriler ile asagida 7 bashk
altinda karsilastirilmis ve analiz edilmistir.

3.1.Modelin glikoz
karsilastirilmasi

tolerans testi ile

Michael ve arkadaslarinin yaptig1 calismada, saglikh
bireylerde  gerceklestirilen  glikoz  infiizyonu
deneyinde, ortalama 30 dakika boyunca 64400
mg/saat hizinda glikoz infiizyonu yapilmis ve kan
glikoz konsantrasyonlari ii¢ saat boyunca 6l¢iilmiistiir
[33]. Bu ¢alisma ile benzer sekilde, modelde, ayni
miktar ve hizda glikoz inflizyonu yapilarak (Sekil 3A),
glikoz konsantrasyonu ¢ikisi elde edilmistir (Sekil 3B).
Sekil 3B'ye bakildiginda, modelin glikoz inflizyonuna
verdigi yanitin gercek verilere olduke¢a yakin oldugu
gorilmektedir.

w

— micdel
* deney

]
o

(5]

glikoz konsantrasyonu(mg/ml)
o &

o

zaman(saat)

Sekil 3. (A) Glikozun, 30 dk siiresince ve 64400 mg/saat
hizinda infiizyonu (B) Glikoz inflizyonunun glikoz
konsantrasyonuna etKkisi.

3.2.Modelin insiilin ve glikoz infiizyonu ile test
edilmesi

Elrick ve arkadaslarinin yaptigi ¢alismada saglikh
bireylerde gercgeklestirilen glikoz ve insiilin infiizyonu
deneyinde, 1 saat siiresince 16200 mg/saat hizinda
glikoz infiizyonu yapilirken, glikoz infiizyonunun
baslangicindan 30 dakika sonra 30 dakika boyunca
4380 mU/saat hizinda insiilin infiizyonu yapilmistir
[34]. Kan glikoz konsantrasyonlar: 2.16 saat boyunca
Olciilmiistiir. Bu ¢calismaya benzer sekilde, ayn1 miktar
ve hizlarda glikoz infiizyonu (Sekil 4A) ve insilin
inflizyonu (Sekil 4B) modelde yapilarak plazma glikoz
konsantrasyonu cikisi elde edilmistir. Modelin glikoz
konsantrasyon  yaniti, gercek  kan  glikoz
konsantrasyonlariyla karsilastirildiginda, modelin
gercege yakin sonugclar verdigi gozlenmektedir (Sekil
4C). Bu bulgu, gelistirilen modelin glikoz ve insiilin
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infiizyonlarinin etkilerini gercege yakin olarak simiile
ettigini gostermektedir.

10000 4

glikoz inflzyonu(

Q 1
zaman(saat)

2.16

(4]
o
o

instlin

-1 0 1 216
zaman(saat)

% w— rriodel
* deney

glikoz konsantrasyonu(mg/ml)
B DN DD s s bW

(=00 =1 == N = =}

A 0 1 216

zaman(saat)

Sekil 4. (A) Glikozun 16200 mg/saat 2.16 saat siiresince
infiizyonu (B) Insiilin 4380 mU/saat hizinda infiizyonu (C)
Insiilin ve glikoz infiizyonun glikoz konsantrasyonuna etkisi.

3.3. Modelin insiilin infiizyonu ile test edilmesi

Sonksen ve arkadaslarinin, saglhkh kisiler iizerinde
yaptigl c¢alismada, insiilin inflizyonu, yarim saat
boyunca artan dozlarda uygulanmistir [35]. Bu
infiizyon dozlar1 sirasiyla 1344 mU/saat, 2694
mU/saat, 5394 mU/saat ve 10794 mU/saat olarak
belirlenmistir. Simiilasyon siiresi, deneysel calisma
gibi 3 saattir. Bu deneysel ¢alisma ile benzer sekilde,
ayni miktar ve hizlarda insiilin infiizyonu (Sekil 5A)
modele yapilmis ve plazma glikoz konsantrasyonu
cikis1 elde edilmistir. Modelin ger¢cek kan glikoz
konsantrasyonlariyla karsilastirilmasi sonucunda,
modelin  gercege  yakin  sonuglar  verdigi
gozlenmektedir (Sekil 5B).
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2000 4

instlin inflzyonu{mU/saal)

-1 0 1
zaman(saat)

m— model
* deney

T 0.4
c
2034
™
2021

0.1

ST

zaman(saat)
Sekil 5. (A) Modelde insiilin infiizyonu. 1344 mU/saat, 2694
mU/saat, 5394 mU/saat ve 10794 mU/saat hizinda insiilin
infiizyonu (B) Insiilin infiizyonun, glikoz konsantrasyonuna
etkisi.

3.4. Modelin glukagon infiizyonu ile test edilmesi

Judith ve arkadaslarinin yaptigi calismada saglikli
bireylerde, 2.5 saat boyunca 25.200.000 pg/saat
hizinda glukagon infiizyonu uygulanmis ve daha sonra
doz yariya digtlrillerek 1.66 saat sliresince
12.600.000 pg/saat hizinda infiizyon devam etmistir
[36]. Ayn1 doz ve siirede, glukagon inflizyonu modele
yapilmis  (Sekil 6A) ve modelin glukagon
konsantrasyonu (Sekil 6B), karacigerden glikoz cikisi
(Sekil 6C)ve plazma glikoz konsantrasyonu ¢ikislari
elde edilmistir (Sekil 6D). Modelin deneysel verilerle
karsilastirilmasi sonucunda, modelin gergege yakin
sonuclar verdigi gozlenmektedir.
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Sekil 6. (A) Glukagon infiizyonu 25.200.000 pg/saat hizinda
ve daha sonra doz yariya dusiiriilerek 1.66 saat sliresince
12.600.000 pg/saat hizinda infiizyon (B) Glukagon
inflizyonun glukagon konsantrasyonuna etkisi (C)Glukagon
inflizyonunun Kkaracigerde glikoz c¢ikisina etkisi (D)
Glukagon konsantrasyonunun glikoz konsantrasyonuna
etkisi

3.5. Glukagon infiizyon hiz1 sabit tutulurken,
insiilin infiizyon hiz1 dért kat artirilmasi

Kurt ve arkadaslarinin yaptig1 deneysel c¢alismada,
instilin ve glukagon sekresyonunu durdurmak icin
somatostatin enjeksiyonu yapilmistir [8]. Daha sonra
glukagon normal sekresyon degerinde, sabit hizda
verilmigtir. Insiilin ise, normal sekresyonunun 4 kati
kadar, 3 saat siiresince enjekte edilmistir. Deney
boyunca, kan glikoz konsantrasyonu, glikoz
enjeksiyonu ile sabit tutulmustur. Bu g¢alismanin
sonucunda, karacigerden kana glikoz ¢ikis1 azalmis ve
glikoz kullanimi artmistir. Deneysel calismaya benzer
sekilde, modelde glukagon sekresyonu (Sekil 7A) ve
insiilin sekresyonu (Sekil 7B) infiizyon dncesi sifira
indirilmistir Glukagon infiizyonu normal sekresyon
degeri olan 2436000 pg/saat hizinda uygulanmistir.
(Sekil 7C) Insiilin infiizyonu normal degeri olan 438
mU/saat hizindan, 4 kati olan 1752 mU/saat hizina
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cikarilmistir (Sekil 7D). Simiilasyon siiresince glikoz
konsantrasyonu sabit tutulmustur (Sekil 7E). Insiilin
konsantrasyonu, infiizyon hizina paralel olarak,
normal degerinin 4 katina yani 0.055 mU/ml’den 0.22
mU/ml artmistir (sekil 7F). Glukagon konsantrasyonu
ise, normal glukagon infiizyonu yapilmasi sebebiyle,
similasyon stiresince normal konsantrasyon degeri
olan 58 pg/ml de sabit kalmistir. (Sekil 7G). Insiilin
inflizyonu ile karacigerden glikoz ¢ikis1 8400 mg/saat
hizindan yaklasik 4000 mg/saat hizina diismistiir
(Sekil 7H). Toplam glikoz kullanimi yaklasik 3 kat
artmistir (Sekil 71).
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Sekil 7. insiilin infiizyon hizinin 4 katina cikarilmasi ile
(A)glukagon sekresyonu (B)insiilin sekresyonu (C)glukagon
inflizyonu (D)insiilin inflizyonu (E)glikoz konsantrasyonu
(F) insiilin konsantrasyonu (G)glukagon konsantrasyonu
(H)karacigerden glikoz ¢ikisi(I)toplam glikoz kullanimi

3.6. Insiilin infiizyon hiz1 sabit tutulurken,
glukagon infiizyon hizinin dort kat artirilmasi

Kurt ve arkadaslarinin yaptigi deneysel calismada,
inslilin ve glukagon sekresyonunu durdurmak icin
somatostatin enjeksiyonu yapilmistir [8]. Daha sonra
insililin normal sekresyon degerinde, sabit hizda
verilmistir. Glukagon infiizyonu ise, normal glukagon
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sekresyonunun 4 kati kadar 3 saat siiresince
yapimistir. Bu ¢alismanin sonucunda, karacigerden
kana glikoz ¢ikisi, kan glikoz konsantrasyonu ve glikoz
kullanimi artmistir. Deneysel c¢alismaya benzer
sekilde, modelde, glukagon sekresyonu (Sekil 8A) ve
instilin sekresyonu (Sekil 8B) infiizyon oncesi
durdurulmustur. Insiilin infiizyonu, normal sekresyon
hizi1 olan 438 mU/saat uygulanmistir. (Sekil 8D)
Glukagon infiizyonu ise, normal sekresyon hizi olan
2.436.000 pg/saat degerinden, 4 kati olan 9.744.000
pg/saat hizina cikanilmustir. (Sekil 8C) Insiilin ve
glukagonun bu infiizyonlarina modelin verdigi yanit,
deneysel c¢alismaya benzer sekilde Glukagon
konsantrasyonu 58 pg/ml'den 232 pg/ml artmistir
(sekil 8G). Insiilin konsantrasyonu 0.055 mU/ml de
sabit kalmistir (Sekil 8F). Glikoz konsantrasyonu artisi
gozlemlenmekte olup (Sekil 8E), karacigerden glikoz
cikis1 (Sekil 8H) ve toplam glikoz kullanimi (Sekil 8I)
da artmistir.
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Sekil 8. Glukagon infiizyon hizinin 4 katina ¢ikarilmasi ile
(A)glukagon sekresyonu (B)insiilin sekresyonu (C)glukagon
infiizyonu (D)insiilin infiizyonu (E)glikoz konsantrasyonu
(F) insiilin konsantrasyonu (G)glukagon konsantrasyonu
(H)karacigerden glikoz ¢ikisi(I)toplam glikoz kullanimi

3.7. Insiilin infiizyon hiz1 ve glukagon infiizyon
hizinin dért kat artirilmasi

G

'5 ; S’) 1'1 1’3 1‘5

Zaman(saat)
Kurt ve arkadaslarinin yaptigi deneysel calismada,
insiillin ve glukagon sekresyonunu durdurmak i¢in
somatostatin enjeksiyonu yapilmistir [8]. Daha sonra
insiillin ve glukagon sekresyonlarinin 4 kati kadar
enjeksiyon 3 saat siliresince yapilmistir.

glikoz

Deney

boyunca, Kkan konsantrasyonu, glikoz
enjeksiyonu ile sabit tutulmustur. Bu g¢alismanin
sonucunda, karacigerden kana glikoz ¢ikisinin azaldigi
ve glikoz kullanimi artmistir. Deneysel ¢alismaya
benzer sekilde, modelde, glukagon sekresyonu (Sekil
9A) ve insiilin sekresyonu (Sekil 9B) durdurulmus ve

glukagon (Sekil 9C) ve insiilin (Sekil 9D). normal
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sekresyonlarinin 4 kati enjekte edilmistir. Kan glikoz
konsantrasyonu, deneysel calismaya benzer sekilde,
normal degerinde sabit tutulmustur (Sekil 8E). Insiilin
konsantrasyonu (Sekil 9F) glukagon
konsantrasyonu (Sekil 9G), deneysel calismaya benzer
sekilde yaklasik olarak normal degerinin 4 katina

ve

cikmistir. Yine deneysel c¢alismaya benzer olarak,
modelde, karacigerden glikoz c¢ikis1 yaklasik %60
kadar azalmistir (Sekil 9H). Glikoz kullanimi ise
yaklasik %75 artmistir. Toplam glikoz kullanimi %60
artmistir (Sekil 91).
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Sekil 9.Glukagon infiizyonu ve insiilin infiizyon hizinin 4
katina ¢ikarilmasi ile (A)glukagon sekresyonu (B)insiilin
sekresyonu (C)glukagon infiizyonu (D)insiilin infiizyonu
(E)glikoz konsantrasyonu (F) insiilin konsantrasyonu
(G)glukagon konsantrasyonu (H)karacigerden glikoz
cikisi(toplam glikoz kullanimi

4. Tartisma ve Sonug¢

Saglikli bireylerde kan glikoz seviyesi dar bir aralikta
sabit kalir. insiilin  hormonu, kan glikoz
konsantrasyonu arttifinda salgilanarak dokularda
glikoz kullanimini artirir ve Kkaracigerde glikoz
iiretimini azaltir. Glukagon ise, glikoz konsantrasyonu
distiiglinde  salgilanarak  karacigerden  glikoz
salinimim artirir. insiilin ve glukagon hormonlarinin
karaciger izerindeki zit etkileri bilinmekte olup,
ancak es zamanl insiilin ve glukagon artisinin
karacigerde glikoz iiretimine etkisini inceleyen in vivo
calismalar smirhdir. Bu sebeple, insiilin ve
glukagonun, es zamanl artisinda, karacigerden glikoz
cikisin1 test etmek icin tarafimizca bir matematik
model gelistirilmistir. Stolwijk ve Hardy, kan glikoz
konsantrasyonu regiilasyonu i¢in bir matematik
model gelistirmistir [9,10]. Onlarin bu modelinde,
karacigerden kana glikoz cikisi normal degerinde
sabittir. Glikoz konsantrasyonu degisimine Kkarsi,
insiilin salinimi degismektedir. Glikoz konsantrasyonu
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artisinda, insilin salimmmi artmakta, artan insiilin
salimimi ise dokularda glikoz kullanimim artirarak,
kan glikoz konsantrasyonunun normale dénmesine
yardimc1 olmaktadir. Kan glikoz konsantrasyonu
azalmasinda ise tersi olaylar gelismektedir. Fizyoloji
bilgilerimize gore ise, karacigerde glikoz iiretimi, kan
instlin konsantrasyonu yaninda, glukagon ve glikoz
konsantrasyonuna bagl olarak degismektedir [1,2].
Plazma instlin artisi, karacigerde glikoz uretimini
azaltirken, plazma glukagon artisi, karacigerde glikoz
liretimini artirmaktadir. Kan glikoz artisi ise, insiiline
benzer sekilde, Kkaracigerde glikoz {retimini
azaltmaktadir [1,2]. Fizyolojiye daha yakin bir model
gelistirmek icin, Stolwijk ve Hardy’nin modelinde,
karacigerden glikoz ¢ikisina; insiilin, glukagon ve
glikoz konsantrasyonu etkileri eklenerek yeni bir
matematik model elde edilmistir. Gelistirdigimiz bu
model  oncelikle saghkli  insanlar i{izerinde
gerceklestirilen calisma sonuclar ile test edilmistir.
Model; glikoz tolerans testi, insiilin infiizyonu, insiilin
ve glikoz inflizyonu, glukagon inflizyonu deneysel
calismalarina yakin sonuglar vermistir. Daha sonra
modelde, Kurt ve arkadaslarinin deneysel ¢alismasina
[8] benzer sekilde, insiilin ve glukagon infiizyonu ile
insilin ve glukagon Kkonsantrasyonlari, normal
degerlerinin 4 katina ¢ikarilmistir. Modelde, instilin ve
glukagon konsantrasyonlarinin es zamanl ve egit
oranli artisinda, karacigerden glikoz ¢ikisinin azaldig:
gozlenmistir. Bu sonug, insiilinin karacigerde glikoz
dretimini inhibe edici etkisinin, glukagonun
karacigerde glikoz tretimini artirici etkisinden daha
biiylik oldugu hipotezini desteklemektedir. Diyabet
tedavisinde insiilin infiizyonu, hipoglisemi riskini
beraber getirmektedir. Bu sebeple, es zamanl olarak,
instlin yaninda glukagon uygulamasinin (dual tedavi)
hipoglisemi riskini azaltabilecegine dair ¢alismalar
bulunmaktadir [37]. Model, diyabet hastaligini simiile
edecek sekilde gelistirildikten sonra, dual tedavinin
etkilerini analiz etmek i¢in kullanilabilir.
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Keywords Abstract: In this study, the target molecule ethyl-2-(5-nitro-5'-(4-nitrophenyl)-2-
Spiroindoline Derivative, 0x0-3'H-spiro[indoline-3,2'-[1,3,4]oxadiazol]-1-yl)acetate, which is a spiroindoline
DFT, derivative, were performed NBO analysis, molecular electrostatic potential surface
Molecular Docking, (MEPS), nonlinear optics (NLO), HOMO-LUMO energy calculations, optimized
MEP, molecular geometry, and mulliken atomic charges using B3LYP/B3PW91 basis set
ADME, and 6-311G(d,p) approximations. Calculated results were reported. Density
NBO Functional Theory (DFT) computations were utilized to research the molecule

theoretically. Moreover, molecular docking analysis of the tested compound, a
spiroindoline derivative molecule targeting aldose reductase against diabetic
complications, was performed using molecular docking to determine the structure-
activity connection. The molecular docking scores of our study molecule showed
good results of -6.83 (PDB ID:3ABV) and 6.78 (PDB ID:3AE2) kcal. The molecular
docking study provided important information worth considering for further
research. A notable outcome of bioisosteric and isosteric substitutions is the
alteration in lipophilic character, an impressive characteristic in several aspects.
Thus, utilizing SwissADME, lipophilic character assessments were performed for
the concerned compounds.

Spiroindolin Tiirevi Molekiiliiniin DFT Hesaplamalar: ve ADME ve Molekiiler Doking
Calismalar: Kullanilarak Diyabetik Komplikasyonlara Kars1 Aldoz Rediiktaz

Degerlendirmesi

Anahtar Kelimeler Ozet: Bu calismada, spiroindolin tiirevi olan, hedef molekiil etil-2-(5-nitro-5'-(4-
Spiroindolin Tiirevi, nitrofenil)-2-okso-3'H-spiro[indolin-3,2'-[1,3,4]oksadiazol]-1-il)asetat’in

DFT, B3PW91/B3LYP temel set ve 6-311G(d,p) yaklasimlar kullanilarak NBO analizi,
Molecular Doking, molekiiler elektrostatik potansiyel ylizey (MEPS), HOMO-LUMO enerji
MEP, hesaplamalari, dogrusal olmayan optik (NLO), optimize edilmis molekiiler
ADME, geometri ve mulliken atomik yiikleri hesaplamalar1 yapildi. Hesaplanan sonuglar
NBO aciklandi. Molekiiliin teorik olarak incelenmesi icin Yogunluk Fonksiyonel Teorisi

(DFT) hesaplamalar1 kullanildi. Ayrica, diyabet komplikasyonlarina karsi aldoz
rediiktaz1 hedef alan spiroindolin tiirevi molekiilii olan test edilen bilesigin yapi-
aktivite baglantisini belirlemek amaciyla molekiiler doking analizi yapildi. Calisma
molekiiliimiziin molekiiler doking skorlar1 -6,83 (PDB ID:3ABV) ve 6,78 (PDB
ID:3AEZ2) kcal gibi iyi sonuclar verdi. Molekiiler doking calismasi, ileri arastirmalar
icin dikkate deger oOnemli bilgiler sagladi. Biyoizosterik ve izosterik yer
degistirmelerin dikkate deger bir sonucu, ¢esitli yonlerden etkileyici bir 6zellik
olan lipofilik karakterdeki degisikliktir. Bu yiizden SwissADME kullanilarak sz
konusu bilesikler i¢in lipofilik karakter degerlendirmeleri yapilmistir.

1. Introduction enzyme is a crucial part of the polyol the route that is

the body's natural means of breaking down a little
During a hyperglycemic condition, aldose reductase, a amount of unphosphorylated glucose [1]. The enzyme
NADPH-dependent oxidoreductase, is crucial for the sorbitol dehydrogenase then helps sorbitol be
catalytic synthesis of sorbitol from glucose. Such converted to fructose. It is noteworthy that a major

*Corresponding author: kenangoren49@gmail.com
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factor in cell and organ damage is osmotic stress,
which is linked to sorbitol buildup and redox
imbalance after NADPH depletion [2]. As a result,
cataracts, neuropathy, retinopathy, nephropathy, and
other diabetes problems eventually develop.
Congestive heart failure, myocardial is chemia, and
cardiac arrest are among the cardiovascular
disorders that are eventually brought on by this.
Reactive oxygen species produced by elevated AR are
also thought to be the cause of many cancers,
including those of the breast, liver, cervix, ovarian,
and rectal regions [3]. Acknowledging AR inhibition
as a critical tactic to avoid and mitigate long-term
diabetes consequences has gained significance [4, 5].
Therefore, we carried out molecular docking research
in an effort to find efficient therapies for diabetes
complications.

One excellent example of a diverse collection of
chemical compounds formed from isatin is
spirogynole. These substances are rich in
physiologically relevant natural products with
multifunctional pharmacological activity and have
extraordinary biological features. They also make up
a large portion of medications [6]. The presence of
many heterocyclic motifs that attach to the oxindole
ring's C-3 position is the distinguishing characteristic
of spirooxindoles. They are promising candidates for
drug development because of their special position
[7]. Synergistic effects are frequently observed when
bioactive macromolecules with various ranges of
action or complementing pharmacophoric
components are used together. Thus, an important
endeavor to stop the drug is still being done in
persistently advanced investigations [8].

Information  regarding the  pharmacological
characteristics of molecular systems may be obtained
by theoretical methods like molecular docking and
DFT. DFT is a technique used in many-body systems
to approximate the solution of the Schrédinger
equation [9]. Walter Kohn chose the electron density,
a function of both space and time, as a fundamental
variable in a 1964 research he did with P. Hohenberg.
He said that using the many-body wave function as a
fundamental variable in a variational approximation
complicated the issue [10].

The structure of the molecule studied theoretically
was taken from the literatiire [11]. The optimal
structural characteristics, stabilization energy, and
chemical bonding of the molecule derived from
spiroindoline are presented in this work. The band
gap energies were computed using molecular
orbitals. The parameters of ADME and drug similarity
were examined. The molecule, a derivative of
spiroindoline, was predicted theoretically utilizing
the DFT technique, the B3LYP/B3PW91 basis set and
6-311G(d,p) approximations. Furthermore, our drug
underwent molecular docking investigations, and
binding energies and interaction types were
computed for the spiroindoline derivative molecule
targeting aldose reductase against diabetes sequelae.
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2. Material and Method

All of the study's quantum chemical computations
were carried with the Gaussian 09 software,
B3LYP/6-311G(d,p)-B3PW91/6-311G(d,p) basis sets
and approximations, and DFT methodologies [12].
Data on molecules were plotted and shown in
GaussView 6.0. Our molecule's various charges were
compared in the graph using the Origin 2019b 64Bit
application. Our compound was subjected to a
molecular docking investigation utilizing the
Schrodinger LLC model on the Maestro Molecular
Modeling platform (version 12.5) [13]. The enzyme
for our molecule was obtained from the Protein Data
Bank (PDB ID:3ABV and 3AE2) in order to conduct
molecular docking investigations [14]. Using the
Discovery Studio 2021 Client application, molecular
docking pictures of our compound were obtained
[15]. Lastly, the ADME analysis in our study was
conducted using the online database SwissADME
[16].

3. Results
3.1. Structure details and analysis

The most stable and lowest energy state of a
molecule is known as geometry optimization [17].
Gaussian 09W software was employed in the
investigation to finalize the spiroindoline derivative
molecule's optimal shape [12]. Calculated results for
some structural characteristics (bond angles, bond
lengths) optimized using B3LYP/B3PWO91 basis set
and 6-311G(d,p) approximations
chemical calculations with DFT approach Table 1 It is
listed in. One variational approach is DFT. The BLYP
(Becke, Lee, Yang, and Parr) technique and the B3LYP
technique, which was developed by modifying BLYP,

for quantum

are the most often used DFT methods. In very large
nuclei, electrons close to the nucleus are considered
approximately effective nuclear potentials (ECPs).
Relativistic effects play a significant role in this
behavior for these atoms [18]. The spiroindoline
derivative molecule was examined by comparing two
optimized base sets. We observed that there were
very small differences in bond lengths and angles
between the basis sets and approaches used. The
aromatic ring's optimal bond lengths and bond angles
are between typical ranges. It has been found that our
molecule's the C-C aromatic bond distances had
higher values in the B3LYP computation compared to
the B3PW91 method. The bond lengths optimized of
C-C in the aromatic benzene fall in the range of 1.443
to 1.512 A for the B3LYP/6-311G(d,p) technique and
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in the range of 1.439 to 1.507 A to the B3PW91/6-
311G(d,p). The elongation due to displacements
make the bond lengths evident. In the ring, C23-H46
and C5-H38 bond lengths are longer than other C-H
bonds because of the substitution of oxygen and
nitrogen atoms. Methyl C-H bond lengths have the
same impact. It was discovered that the bond angle

between C25-C24-N30-031 in tetrahedral structures
had the largest deviation at -179.67798°. C8-C7-N11-
N12 The lowest change in bond angle is -156.57642 .
We saw that when atoms were selected as dihedral
bonds in the Gaussian 09 program, some dihedral
angles gave negative results in angle degrees, while
others gave positive values.

Table 1. The spiroindoline derivative molecule's theoretically determined some bond lengths (A) and bond angles (°)

Bond Lengths B3PW91/ B3LYP/ Bond Lengths B3PW91/ B3LYP/
6-311G(d,p) 6-311G(d,p) 6-311G(d,p)  6-311G(d,p)
C1-N27 1.38806 1.39374 C7-010 2.76229 2.78096
C3-C7 1.43965 1.44370 N12-C13 1.36783 1.37165
C4-N9 1.45544 1.46109 C13-C14 1.48921 1.49376
C8-015 1.20977 1.20896 C13-010 1.23470 1.23652
N9-C16 1.48397 1.49069 C24-N30 1.38214 1.38750
C17-018 1.19713 1.19850 N30-031 1.24010 1.24602
019-C20 1.45150 1.45973 N30-032 1.39726 1.41029
C20-C21 1.50786 1.51264 C16-H33 1.08848 1.08769
C7-N11 1.38020 1.38754 N11-H39 1.01234 1.01263
N11-N12 1.32799 1.33500 C23-H46 1.08235 1.08122
Bond Angles B3PW91/ B3LYP/ Bond Angles B3PW91/ B3LYP/
6-311G(d,p) 6-311G(d,p) 6-311G(d,p) 6-311G(d,p)
028-N27-029 118.23984 118.13535 C3 -C7-010 111.84539 112.32317
C1-N27-029 115.08418 115.07689 N9-C8-015 117.49646 117.24558
C2-N27-C1 120.53120 120.49629 C16-C17-019 117.49646 110.60899
C2-C3-C7 131.89445 131.56935 N12-C13-010 110.56337 125.85262
C4-C5-N9 126.66730 126.62472 C24-N30-031 127.26668 127.37411
Planar B3PW91/ B3LYP/ Planar B3PW91/ B3LYP/
Bond Angles 6-311G(d,p) 6-311G(d,p) Bond Angles 6-311G(d,p) 6-311G(d,p)
C6-C1-N27-029 -178.37363 -178.38623 C8-C7-N11-N12 -156.57642 -154.86457
C16-C17-019-C20 -177.16420 -176.19686 010-C13-C14-C26 177.86945 177.73634
C4-N9-C16-C17 -165.90029 -167.85701 C23-C24-N30-032 -179.63563 -179.65346
C5-C1-N27-029 -178.37363 -178.38623 C25-C24-N30-031 -179.67798 -179.73446

3.2. Mulliken atomic charges

Charge of an atom has been utilized to determine the
electrostatic potential outside molecule surfaces and
to analyze electronegativity equalization and charge
transfer in processes [19]. Mulliken atomic charges
are crucial for describing the electronic charge
distribution within a molecule as they are based on
the atoms' the electronic charges that make up the
molecule [20]. Table 2 displays the mulliken atomic

charges that were determined utilizing the
B3LYP/B3PW91 basis set and 6-311G(d,p)
approximations estimates to the molecule

corresponding to the spiroindoline derivative. The
electron density is redistributed at atoms C14, C25,

C22, 010, N12, and N30 when the aromatic ring has
negative values. The C7 and C13 carbon atoms have
positive charges because of the significant negative
charges on the nitrogen atoms N11 and N12. It was
noted that the C atoms were both positive and
negative.

Furthermore, Figure 2 provides a) Structure
Optimization, b) Bond Lengths, c) Atomic Mass, and
d) Mulliken Charges utilizing the B3PW91/6-
311G(d,p) basis set and method. The graph in Figure
1 compares the mulliken charges of a few C atoms in
our molecule using the same basis sets and methods.
We found that the basis sets and methods employed
in this comparison had mulliken loads that are
compatible with one another.

Table 2. Mulliken Atomic Charges of the spiroindoline derivative molecule

ATOMS B3PW91/ B3LYP/ ATOMS B3PW91/ B3LYP/
6-311G(d,p) 6-311G(d,p) 6-311G(d,p) 6-311G(d,p)
c2 -0.023 -0.023 N9 -0.549 -0.513
c4 0.145 0.133 010 -0.397 -0.391
cs5 -0.049 -0.045 N11 -0.314 -0.289
c6 -0.109 -0.098 N12 -0.297 -0.277
c7 0.166 0.161 N27 -0.006 -0.010
cs8 0.314 0.287 028 -0.329 -0.319
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c13 0.364 0.334 029 0.256 0.254
C14 -0.216 -0.210 N30 -0.003 -0.013
C16 -0.126 -0.103 031 -0.338 -0.328
C17 0.396 0.379 032 -0.269 -0.270
C20 -0.057 0.023 H33 0.203 0.182
C21 -0.357 -0.314 H34 0.191 0.173
C22 -0.045 0.040 H36 0.160 0.141
C23 -0.099 -0.090 H38 0.141 0.128
C25 -0.109 -0.100 H40 0.150 0.145
C40 -0.035 -0.031 H42 0.139 0.121
LUMO energy are taken straight out the Gaussian
051 i B3P Wer output files [22]. Table 3 displays quantum chemical
0.4 B GsLYP reactivity descriptors computed with these energy
03] values. From the HOMO-LUMO energy values, the
8 global chemical reactivity descriptors of our molecule
5 027 like electronegativity (x), global hardness (1), global
3 0,1 softness (S) and electrophilicity index (w) are 1.6464
g 0.0 to the B3PW91/6-311G(d,p) basis set and approach,
< o1 respectively, 1.2080, 0.6040 and -5.0958. These
£ calculations are x=1.4590, n=1.2144, $=0.6072, and
302 0=5.0612 for the B3LYP/6-311G(d,p) basis set and
0,3 approximation. As given in Table 3, the energy
044 difference values for the two base and set approaches
LM B S B B B B B BN B B B B were calculated as 2.4360 eV and 2.4288 eV,
FFPP S PPN PP I PP respectively. Figure 3 and Figure 4 show 3D HOMO-

Atomic Number
Figure 1. Mulliken atomic charge comparison for the
spiroindoline derivative molecule
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Figure 2. The spiroindoline derivative molecule with
DFT/B3PW91/6-311G(d,p) basis set a) Structure
Optimization, b) Bond Lengths, ¢) Atomic Mass, d) Mulliken
Charge

3.3. HOMO and LUMO analysis

The reactivity, bioactivity, and electrical
characteristics of organic molecules are explained in
part by the FMO hypothesis. HOMO energy is a
representation of electron donation. In reactivity
analysis, it is crucial to estimate the energy values of

a given molecule's HOMO and LUMO, as well as to
ascertain its locations [21]. Utilizing the energy gap
(AE) that is determined by subtracting the LUMO and
HOMO energies, together with many significant
quantum chemical characteristics, is a very efficient
method in computational chemistry for predicting the
reactivity of a given molecule. Values for HOMO-
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LUMO diagrams with energy values in line with
computed utilizing B3LYP/6-311G(d,p)-B3PW91/6-
311G(d,p) basis sets and approximations. For both
methods, it is clear that HOMOs are distributed
almost throughout the molecule. Figure 5 and Figure
6 show the Fermi energy (Ef) and band gap of our
working molecule using the same two basis set
approaches.

LOMO+1
E=-1.1681¢V

LUMO
E=-2.2908 ¢V

[ DFT/B3PW91/6-311G(d,p) |

e,

&%

AE=2.4360 eV

HOMO
E=-4.7268 eV k

HOMO-1
-5.4642 eV

Figure 3. The spiroindoline derivative molecule's boundary
molecular orbitals as per the B3PW91/6-311G(d,p) level
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‘0-#9 #-“

LOMO+1
E=-1.1322 eV

’

LUMO

Ty DFT/B3LYP/6-311G(d,p) |

2.4388 eV

AE=

HOMO-1
E=-5.4093 ¢V

HOMO
E=-4.6805 eV

Figure 4. The spiroindoline derivative molecule's boundary
molecular orbitals as per the B3LYP/6-311G(d,p) level

= Alpha DOS spectrum
- Beta DOS spectrum
= Total DOS spectrum (scaled by 0.5)
- Alpha Occupied orbitals
= Alpha Virtual orbitals
Beta Occupied Orbitals
—— Beta Virtual Orbitals

o

T

1l

l

LAY

=1

I

Figure 5. Fermi energy (Ef ) and bandgap of the
spiroindoline derivative molecule with B3PW91/6-
311G(d,p) basis set
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spiroindoline derivative molecule with B3LYP/6-311G(d,p)
basis set
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Table 3. Spiroindoline derivative molecule's computed quantum chemical properties by B3PW91/B3LYP/6-311G(d,p)
techniques
Molecules Energy DFT/B3PW91/ DFT/B3LYP/
6-311G(d,p) 6-311G(d,p)
Erumo -2.2908 -2.2417
Enomo -4.7268 -4.6805
ELumo+1 -1.1681 -1.1322
Enomo-1 -5.4642 -5.4093
Energy Gap (AE)|Enomo-ELumo/ 2.4360 2.4388
Ionization Potential (I=-Enomo) 4.7268 4.6805
Electron Affinity (A=-Evrumo) 2.2908 2.2417
Chemical hardness (n=(I-4)/2) 1.2080 1.2194
Chemical softness (s=1/2n) 0.6040 0.6097
Chemical Potential (u=-(I+4)/2) -3.5088 -3.5596
Electronegativity (x=(1+A4)/2) 1.6464 1.6208
Electrophilicity index (w=u2/2n) 5.0958 5.1954

3.4. Molecular electrostatic potential (MEP)

The use of MEP surface analysis yields limitations for
forecasting the electrophilic and nucleophilic assaults
of any chemical compound and offers information
about the chemical reactivity of a molecule. One
instrument that gives information on the size, shape,
and the molecule's electrostatic potential values is
the commonly used MEP [23]. Furthermore, the
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names of biological processes and the demonstration
of hydrogen bond interactions in molecular modeling
studies are attributed to the reactive moieties in
chemical reactions. Different hues correspond to
different electrostatic potential levels on the surface.
The potentials are arranged follows:
red<orange<yellow<green<blue [24]. Figure 7. shows
the MEP surface obtained following the computation
with B3LYP/B3PW91 basis set and 6-311G(d,p)

as
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approximations. The electronegative O atom has
negative potential areas, shown in Figure 7. The
positive potential represented in blue was obtained
in the C-H and N-H bond areas. Electrophilic areas
on the surface of the oxygen and nitrogen groups in
our molecule show that red-colored areas represent
negative prospective areas.

Figure 7. MEP of the spiroindoline derivative molecule
utilizing DFT(B3PW91/B3LYP) and 6-311G(d,p)
approximation and basis sets

3.5. Non-Linear Optical Properties (NLO)

Electromagnetic beam interaction in a variety of
situations can produce new fields with different
phase, frequency, amplitude, and other propagation
properties than the incident fields. This phenomenon
is known as NLO results [25]. NLO is at the forefront
of current research due to its critical role in providing
Because of its vital role in providing functionalities
like optical modulation, frequency shifting, optical
switching, optical logic, and optical memory for
developing technologies in fields like
telecommunications, optical interconnects, and signal
processing, NLO is at the forefront of current
research [26]. Our study molecule's polar features of
were calculated with the DFT B3LYP/B3PW91 basis

set and 6-311G(d,p) approximations utilizing the
Gaussian 09W package. In this investigation, we
effectively investigated DFT-NLO materials by
calculating linear polarizability (a), the total
molecular dipole moment (u), and first-order
hyperpolarizability (f) from the gaussian. These
results are listed in Table 4. Equations (1) through
(3) may be used since the values of the initial
hyperpolarization tensors of the Gaussian 09W
output file are given in atomic units (a.u.), the
computed values are transformed to electrostatic
units (1 a.u.=8.6393x10-33 esu) for both methods. It
was found to be 2.48x10-30 and 2.56x10-30 esu,
respectively. The predominance of one component
over another suggests a large movement of loads in
that direction. The highest hyperpolarizability values
were found in the BYYY direction, which was also
where the electron cloud's delocalization was
greatest. The urea molecule is one of the model
molecules used in studies on systems that exhibit
NLO properties. The computed values of p and 8 for
both approaches are around four and seven times,
respectively, more than those of the typical NLO
material "urea." The relatively large dipole moment
and hyperpolarizability of our compound may

indicate that The substance can serve as a
foundational element for NLO materials.
po= Wi+up)t? €y
Brotar = (ﬁzx + .Bzy + ﬁzz)l/z (2)
Brotw = [(Brxx + Bxyy + pxzz)?
+ (Byyy + Byxx + yzz)? + (Bzzz
1
+ Bzxx + Bzyy)*: 3

Table 4. The spiroindoline derivative molecule's NLO parameters computed utilizing B3PW91/B3LYP and 6-311G(d,p)

approaches and basis set

Parameters B3PW91/ B3LYP/ Parameters B3PW91/ B3LYP/
6-311G(d,p) 6-311G(d,p) 6-311G(d,p) 6-311G(d,p)
Mx -6.0785 6.1785 Bxxx -5.7848 18.5127
Ly 1.6220 1.4563 Byyy -43.9294 -49.2287
Mz 0.2028 -0.1940 Bzzz -1.3001 2.3678
[1T)) 6.2944 6.3507 Bxyy -13.003 13.4038
oxX -152.8694 -156.4866 Bxxy -5.0991 -5.1296
ayy -184.3685 -185.6480 Bxxz 43.2432 -41.8450
azz -182.6224 -184.0751 Bxzz -14.6662 13.3821
oxy -0.1931 0.1666 Byzz -6.2615 -5.1861
oxz -29.1015 -28.7701 Byvz -0.1764 0.4113
oyz -3.7211 3.9983 Bxvz 419318 41.2029
a(au) -165.168 -163.827 B(esu) 2.48x10-30 2.56x10-30

3.6. NBO analysis

The most precise "natural Lewis structure" image is
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produced by NBO analysis because every orbital
feature is mathematically selected to have the
maximum percentage of electron density. The NBO
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method's ability to offer details on interactions in
both virtual and occupied orbital spaces is a helpful
feature that can improve the investigation of intra-
and intermolecular mutual effect [27]. The
interactions lead to an empty non-Lewis orbital and
the loss of occupancy of the localized NBO of the ideal
Lewis structure. For each donor (i) and acceptor (j),
the stabilization energy E(2) associated with
delocalization i—j is given by where qi is the donor
orbital occupancy, €j and €i are diagonal elements,
and F(j, j) is predicted [28]. Natural bond analysis is
used to understand distinct secondary interactions
between occupied orbitals of one subsystem and
unoccupied orbitals of another subsystem, which is
known as intermolecular delocalization. The fact that
NBO analysis offers details on both occupied and
vacant orbital spaces is a helpful feature that can
improve  the examination of intra- and

extramolecular effects [29]. The NBO analysis of the
spiroindoline derivative molecule was computed
with the B3LYP/6-311G(d,p) basis set and approache
to explain the delocalization and hybridization of the
molecule's the electron density, and the NBO analysis
values are in Table 5. is also given. When Table 5 is
examined, the existence of strong interactions and
charge transitions within the molecule is clearly
observed. According to the results calculated with the
DFT(B3LYP/6-311G(d,p) basis set approach, the
highest energy value is 15.41 kcal/mol between
m(C23-C24)—>1*(C14-C22). The other highest energy
values obtained are (C3-C4)-m*(C5-C6) 15.04
kcal/mol, (C1-C2)-m*(C3-C4) 15.02 kcal/mol, (C14-
C22)-m*(C25-C26) 14.24 kcal/mol, (C7-
N11)-m*(C8-015) 13.87kcal/mol, (C25-
C26)—-m*(C23-C24) 12.86 kcal/mol.

Table 5. Chosen NBO outcomes of the spiroindoline derivative molecule are computed utilizing DFT(B3LYP/6-311G(d,p)

technique and basis set

NBO(i) Type Occupancies NBO(j) Type Occupancies (Kcl;:l(l?;ol) E ((];:E.()l)b F(g.’u])) ¢
C1-C2 T 0.81618 C3-C4 * 0.82900 15.02 0.28 0.084
C3-C4 T 0.82900 C5-Cé6 * 0.86892 15.04 0.29 0.083
C4-N9 o 0.99160 C5-Cé o* 0.86892 5.17 1.37 0.053
C5-Cé6 T 0.86892 C1-C2 * 0.81618 11.55 0.28 0.076
C7-C8 o 0.98506 C3-C7 o* 0.98073 5.52 0.28 0.076
C7-N11 T 0.85730 C8-015 * 0.99736 13.87 0.32 0.084
C8-015 o 0.99736 C7-C8 o* 0.98506 2.10 1.64 0.075
N11-H39 o 0.98898 C3-C7 o* 0.98073 2.33 1.15 0.065
C14-C22 T 0.81044 C25-C26 * 0.86874 14.24 0.28 0.081
C14-C26 o 0.98732 C14-C22 o* 0.81044 2.05 1.25 0.064
C16-C17 o 0.98709 019-C20 o* 0.99318 2.20 091 0.057
C16-H34 o 0.98361 C17-018 * 0.99502 2.54 0.58 0.051
C21-H42 o 0.98993 019-C20 o* 0.99318 2.29 0.74 0.052
C22-H45 o 0.98833 C14-C26 o* 0.98732 2.31 1.07 0.063
C23-C24 T 0.80307 C14-C22 * 0.81044 15.41 0.29 0.08
C23-H46 o 0.98880 C24-C25 o* 0.98543 2.20 1.06 0.061
C24-C25 o 0.98543 C23-C24 o* 0.98338 2.50 1.24 0.070
C24-N30 o 0.99436 C24-C25 o* 0.98543 5.34 1.41 0.045
C25-C26 T 0.86874 C23-C24 * 0.80307 12.86 0.27 0.079
C25-H47 o 0.98859 C23-C24 o* 0.98338 2.15 1.06 0.060
C26-H48 o 0.98816 C24-C25 o* 0.98543 2.19 1.04 0.060
N27-028 o 0.99678 C1-N27 o* 0.99397 5.19 1.44 0.045
N27-029 o 0.99570 C1-Cé o* 0.98377 3.33 1.41 0.046
029-H49 o 0.99440 C1-N27 o* 0.99397 1.88 1.16 0.060
N30-031 o 0.99681 C24-C25 o* 0.98543 0.56 1.59 0.038
032-H50 o 0.99467 C24-N30 o* 0.99436 1.81 1.17 0.059

3.7. Molecular docking studies

A key component of medication design for the
treatment of numerous disorders is molecular
docking. During this procedure, we learned that a
chemical may function as a medicine by attaching to a
protein; for this reason, docking is crucial in the drug
development process [30]. In molecular docking
analysis, the enzyme for our molecule was taken from
the Protein Data Bank (PDB ID: 3ABV and PDB ID:
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3AE2) [14] and made with Schrddinger's Protein
Preparation Wizard modile [13]. This approach
involved adding missing hydrogens, assigning bond
ordering, and deleting all heteroatoms and water
molecules other than the native ligand. The LigPrep
module was used to prepare the ligand for all
potential 3D conformations and states at
physiological pH levels prior to molecular docking.
The molecular docking scores of our study molecule
gave good results as -6.83 (PDB ID:3ABV) and 6.78
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(PDB ID:3AE2) kcal, and these values are given in
Table 6. For molecular docking analysis, the best
docking poses were selected and the protein-ligand
interaction was shown visually in 2D-3D with
Discovery Studio Client 2017 software in Figure 8
and Figure 9 [15].

The docking poses of our working molecule (PDB-
CODE:3ABV) with the enzyme. The 2D and 3D
docking poses we obtained from the Discovery Studio
visualizer [15] are shown in Figure 8. When we
analyze the molecule and ligand interaction, the best

bindings are as follows; While we observe ARG-46
(3.12 A) Unfavorable Donor-Donor, SER-53 (4.00 A)
and SER-42 (4.03 A) conventional hydrogen bonds,
GLY-49 (5.27 A) pi-alkyl bond in the oxygen of the
nitro group, We observed HIS-216 (477 A)
and HIS-45 (6.41 A) pi-pi t-shaped bond, ARG-44
(5.87 A) pi-cation bonds in the benzene ring. We
observed ILE-218, ILE-218, ILE-84, TRP-82, LEU-52,
VAL-87 and ARG-47 van der Waals bonds in our
molecule.

Table 6. Docking score of the spiroindoline derivative molecule PDB:3ABV and PDB:3AE2

Docking Score (cal/mol)

Compound

PDB: 3ABV

Control 3ABV PDB: 3AE2 Control 3AE2

The Spiroindoline Derivative Molecule -6.83

-8.20 -6.78 -7.80

Interactions

D van der Waals

Conventional Hydrogen Bond
Carbon Hydrogen Bond
I vunfavorable Donor-Donor

H-Bonds

Donor

Acceptor &

I Fi-cation
I Fi-pi T-shaped

[] Pi-akyl

Figure 8. 3D and 2D representation of the interaction between the spiroindoline derivative molecule of 3ABV enzym

The docking poses of our study molecule (PDB-
CODE:3AE2) with other enzymes. The 2D and 3D
docking poses we obtained from the Discovery Studio
visualizer are shown in Figure 9. When we analyze
the molecule and ligand interaction, the best bindings
are as follows; While we observed (5.26 A) pi-alkyl
bond TYR-91 (4.45 A) pi-anion, ARG-46 (5.04 A)
attractice charge, HOH-1202 (3.07 A) water hydrogen
bond, TRP-172 (6.27 A) pi-alkyl bond, MET-39 in the
oxygen of the nitro group, we observed TYR-91 (4.05
A) pi-cation bond and ARG-46 (4.58 A) unfavorable
positive-positive bond at the nitrogen of the nitro
group. We observed TRP-173 (5.86 A) pi-pi t-shaped
bond, SER-42 (7.01 A) amide-pi stacked bond, ILE-43
(4.22 A), PRO-169 (5.69 A) pi-alkyl bonds in the
benzene ring. We observed HiS-216, ILE-218, ILE-30,
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ASN-220, TRP-35, and TYR-33 van der Waals bonds
in our molecule.

According to our literature research, docking analysis
was not performed on the protein structures we
selected, so docking analysis was performed to
compare the ethyl2-(5-nitro-2-oxo-5'-(pyridin-4-yl)-
3'H-spiro[indoline-3,2'-[1,3,4]oxadiazol]-1-yl)acetate
[11] (control ligand) structure, which has a similar
structure to our molecule, with the same proteins.
Figure 10. Control Ligand-3ABV 2D Mode and control
Ligand-3AE2 2D Mode view shown. When we look at
the docking scores in Table 6, it was seen that the
binding scores of both proteins were close to the
control ligand binding scores.
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Figure 9. 3D and 2D representation of the interaction between the spiroindoline derivative molecule of 3AE2 enzym

Al
b

o @
PR

S

3ABV 2D Mode

SER
Ad14 YR
EU A:366
A415
AR GLY
AA439 A:215
THR '
A:266 6 B8 -
GLU
His 6.22 2%58
A:254 3.76 4_7512%
fROr " & LEY
ka‘ : A:418
GL A:64 - ote A
: : GLY. B
A‘287 A;kg. Ab:62 A‘"SS7
‘ GLU
HI !
PHE an A8 gy 8:67
A:131 A60 A:268 THR
SER
A226

3AE2 2D Mode

Figure 10. Control Ligand-3ABV and control Ligand-3AE2 2D Mode view

3.8. ADME analysis

ADME analysis is a useful tool in the drug
development process for producing active
pharmaceuticals. Examining the physicochemical
characteristics is crucial for drug analysis.
Lipophilicity is one of the most significant
physicochemical characteristics. In pharmacology
and the pharmaceutical business, estimates of the n-
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octanol/water partition coefficient (logPow) are
significant because they enable assessments of
lipophilic natiire [31]. For this purpose, SwissADME
and its software were used [16]. This online

application is likewise user-friendly and freely
available. The physicochemical and lipophilic
characteristics of our research substance are

quantified numerically in Table 7. When we examine
the values in Table 7, according to Lipinski's five
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important rules; having less than 5 hydrogen bond displayed as consensus logPow [32]. As shown in
donors (1), less than 10 hydrogen bond acceptors (9), Table 7, the consensus logPow value for our molecule
lipophilicity coefficient LogP being less than 5 (0.94), was computed to be 0.94. In Adme analysis, the
molar refraction values between 4-130 (121.86) and absorption percent of our study molecule ABS was
finally We found that the molecular weight (MW) found to be 49.70%. The physicochemical properties,
being lower than 500 (441.35) fits. It demonstrates color spaces, and structure of our study molecule are
that Lipinski's criteria has not been broken and that shown in Figure 10. The pink region on polar surface
this molecule is appropriate for the drug area maps symbolizes the physicochemical area
development process. SwissADME software is used to suitable for oral bioavailability. According to the

account for the XLOGP3, iLOGP, MLOGP, SILICOS-IT, radar diagram, it is aside from the saturation setting,
and WLOGP prediction models in the lipophilic in the pink region.
character analysis. All models' arithmetic means are

Table 7. Physicochemical and lipophilicity of the spiroindoline derivative molecule

Code Lipophilicity . . .
Spiroindoline CONSensus Physico-chemical properties
Derivative logP MW=  Heavy Aromatic Rot. H- H-donor MR  TPSAc (A2) %
Molecule g/mol Atoms  heavy bond acceptor bond ABSt
atoms bond
0.94 441.35 32 12 7 9 1 121.86 171.87 49.70

aMW, molecular weight; TPSA, topological polar surface area; PMR, molar refractivity; 4ABS%: absorption percent ABS% =
109 — [0.345 x TPSA].

Lipinski's rule of five in drug similarity predictions,
and all rules apply to the title compound with respect
to its drug nature. Molecular docking results confirm
7 \ b this result with binding energy. Therefore, we predict
=L ] = that our study molecule may be a potential drug
§ candidate for Diabetic complications.

Declaration of Ethical Code

In this study, we undertake that all the rules required
to be followed within the scope of the "Higher
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Figure 10. Color regions, physicochemical parameters and
structure of the spiroindoline derivative molecule

In this study, the spiroindoline derivative molecule was
determined by optimizing the structure using DFT
tools. We investigated the structural properties of
[oxadiazol]-1-yl)acetate. In continuation of the
theoretical calculations, mulliken charges, HOMO-
LUMO, MEP, NLO, NBO analyzes of our study [1] Thakur, S., Gupta, S. K, Alj, V., Singh, P., Verma,
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