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Oz

Su, canlilar i¢in vazgecilmez bir kaynaktir ve dogada sinirli miktarda bulunmaktadr.
Son yillardaki hizli niifus artisina paralel olarak gelisen sanayi ve tarimsal faaliyetlerle
birlikte su kaynaklarimin asirt kullammi da artmistir. Buna ek olarak, kiiresel iklim
degisikliginin, kurakligin artmasina ve yiizey sulart ile yeraltisularinin beslenmesinde
azalmaya yol agtigi gozlemlenmektedir. Tatli suyun sinirlt olmasi, gerektiginde yeterli
miktarda tahsis edilememesi ya da taskin ve sel gibi durumlarda fazla suyla
karsilasilmasi, su kaynaklarinin dogru yonetiminin ne kadar onemli oldugunu agikca
ortaya koymaktadwr. Bir iilkedeki su giivenligi, su kaynaklarinin verimli kullanimi ve
stirdiiriilebilirligiyle dogrudan iligkilidir. Bu arastirmada, su kaynaklar: yonetiminde
onemli olan ii¢ inceleme bashgi belirlenmistir: yagis-akis iligkisi analizleri, taskin
analizleri ve hidrojeolojik analizler. Arastirmanin amact, bu analizlerde yaygin olarak
kullanilan yontemlerin belirlenmesi, temel cografi verilerin beklenen zamansal
coziiniirliiklerinin tespit edilmesi, ayrica bu verilerin Tiirkiye Ulusal Cografi Bilgi Sistemi
(TUCBS) veri standartlarina wygunlugunun arastiridmasidir. Calisma sonucunda,
TUCBS veri standartlarimin su kaynaklar: yonetiminde kullanilan bir¢ok temel veri
standardint karsiladigi, ancak zamansal ¢oziintirliik bilgisinin standartlar icerisinde yer
almadig tespit edilmistir. Bu ¢alisma, su kaynaklar: yonetiminde veri standartlarinin
gelistirilmesi ve yayginlastirtlmast i¢in onemli bir adim atmayr hedefleyerek,
surdiiriilebilir  su  kaynaklar:  yonetimi alaninda onemli bir katki saglamay
amaclamaktadir.

Anahtar kelimeler: TUCBS, CBS, veri standartlari, su kaynaklart yonetimi, INSPIRE
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BINGUL et al

Assessment of water resources management using TUCBS Data
standards

Abstract

Water is an indispensable source for living beings and exists in limited quantities in
nature. Alongside the rapid population growth in recent years, the excessive use of water
resources has increased in parallel with the development of industrial and agricultural
activities. Additionally, it is observed that global climate change leads to increased
drought and a decrease in the replenishment of surface and groundwater resources. The
limited availability of fresh water, the inability to allocate enough when needed, or
encountering excessive water in flood and flood-like situations clearly highlight the
importance of proper water resource management. Water security in a country is directly
related to the efficient use and sustainability of water resources. In this study, three
important research topics have been identified in water resource management:
precipitation-runoff relationship analyses, flood analyses, and hydrogeological analyses.
The aim of the research is to determine the commonly used methods in these analyses,
identify the expected temporal resolutions of fundamental geographical data, and
investigate the conformity of these data with the Tiirkiye National Geographical
Information System (TUCBS) data standards. As a result of the study, it has been
determined that the TUCBS data standards meet many fundamental data standards used
in water resource management; however, it is noted that temporal resolution information
is not included in the standards. This study aims to take an important step towards the
development and widespread adoption of data standards in water resource management,
thereby making a significant contribution to sustainable water resource management.

Keywords: TUCBS, GIS, data standards, water resources management, INSPIRE

1. Giris

Su, siirdiiriilebilir kalkinma i¢in temel bir kaynak olarak kabul edilmektedir.
Sanayilesme, iklim degisikligi ve niifus artist gibi faktorlerle birlikte, suya ve su
giivenligine olan ihtiya¢ giderek artmaktadir. Bu baglamda, yeni yeraltisuyu
kaynaklarimin kesfi kadar mevcut kaynaklarin siirdiiriilebilirliginin de korunmasi biiyiik
onem tagimaktadir. Tatli suyun sinirli olmasi, gerektiginde yeterli miktarda tahsis
edilememesi ya da taskin ve sel gibi durumlarda fazla suyla karsilagilmasi, su
kaynaklarimin dogru yonetiminin ne kadar dnemli oldugunu agik¢a ortaya koymaktadir.

Diinya genelindeki su kaynaklarmin toplam miktar1 yaklasik olarak 1,4 milyar km? olarak
tahmin edilmektedir. Kiiresel su kaynaklarinin yalnizca %2,8’1 tatli su olarak mevcutken,
yaklasik olarak %97,2’si okyanus ve denizlerde bulunan tuzlu sudur [1]. Kiiresel 6l¢ekte,
yeraltisular1 da diinya genelindeki su kaynaklarinin yaklasik olarak %0,6’sin1
olusturmaktadir [2]. Birlesmis Milletler Egitim, Bilim ve Kiiltiir Orgiitii'niin (UNESCO)
Hiikiimetleraras1 Hidroloji Programi (IHP) tarafindan 2014-2021 dénemi icin belirlenen
Stratejik Planinda [3], su giivenligi kavrami tanimlanmaktadir. Bu kavram, bir toplumun
insan ve ekosistem sagligini siirdiirmek i¢in kaliteli ve yeterli suya havza diizeyinde
erisiminin glivence altina alinmas1 ve su azligi, fazlalig1 gibi tehlikelerle basa ¢ikabilme
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yetenegini ifade etmektedir. Bir iilkedeki su giivenliginin saglanmasi, temel olarak su
kaynaklar1 yonetiminin zamansal ve mekansal olarak dogru yapilabilmesine baglidir.

Su kaynaklar1 yonetiminin en Onemli bileseni, ekosisteme ait verilerin dogru
yonetilmesidir. Avrupa Birligi, ¢evresel sorunlarin yonetilmesi ve ¢evresel politikalarin
gelistirilmesi amaciyla mekansal verilerin etkin bir sekilde yoOnetilmesine ihtiyag
duymustur. Bu ihtiyagtan yola ¢ikarak, Avrupa Birligi Mekéansal Veri Altyapisi
(INSPIRE) projesi baslatilmistir. INSPIRE, cografi veri altyapisinin uyumlu bir sekilde
kullanilmasmi tesvik etmek amaciyla cesitli standartlar ve yoOnergeler sunmaktadir.
Projede, ¢esitli sektorlerdeki cografi verilerin entegrasyonu ve paylasimi saglanarak,
stirdiiriilebilir su yonetimi, arazi kullanim planlamasi, dogal kaynak yonetimi, ulagim
aglari, niifus gibi bir¢ok alanda bilimsel temelli kararlarin alinmasma yardimci
olunmaktadir. INSPIRE Direktifi [4], projenin yasal ¢er¢evesini olusturan ve 15 Mayis
2007 tarihinde yiirtrliige giren bir diizenlemeyi igermektedir. INSPIRE, cografi verilerin
kalitesini iyilestirmeyi, erigilebilirligini artirmayi, yeniden kullanilabilirligini saglamay1
ve mekansal analiz ve karar alma siireglerini desteklemeyi hedeflemektedir [5]. Bu
sayede, farkli iilkeler ve bolgeler arasinda veri uyumlulugu ve is birligi kolaylasmaktadir.

Tiirkiye’de benzer bir amagla Tiirkiye Ulusal Cografi Bilgi Sistemi (TUCBS)
olusturulmustur. ~ TUCBS, Tiirkiye’deki cografi verilerin toplanmasi, yoOnetimi,
paylasimi, kullanimi ve standartlagtirilmasi i¢in ulusal diizeyde bir altyap: saglamaktadir.
TUCBS’ nin temel amaci, Tiirkiye’deki cografi veri saglayicilart arasinda uyumlu bir veri
paylasimi ve erisimini desteklemektir. Bu dogrultuda, INSPIRE Direktifi’ne ve ulusal
diizeydeki teknolojik gelismelere uygun bir cografi bilgi sistemi altyapisinin kurulmasi,
cografi verilerin tiim kullanict kurumlarin ihtiyaclarina cevap verecek sekilde ulusal
diizeyde iiretimine, kalitesine ve paylasimina yonelik standartlar ile ilgili politika ve
stratejilerin belirlenmesi TUCBS nin 6ncelikli hedeflerindendir [6].

TUCBS, iilkemiz agisindan su kaynaklar1 yonetiminde kullanilan veri standartlarinin
olusturulmasi ve uygulanmasinda kritik bir role sahiptir. Su kaynaklar1 yonetimi, dogru,
giivenilir ve karsilastirilabilir verilere dayali bilimsel temelli kararlarin alinmasini
gerektirmektedir. Bu nedenle, su kaynaklariyla ilgili verilerin tutarli bir sekilde
toplanmasi, yonetilmesi ve paylasilmasi, etkin bir su yonetimi i¢in biiylik 6nem
tasimaktadir. TUCBS'nin belirledigi veri standartlari, farkli kurumlar ve paydaglar
arasinda veri uyumunu saglayarak, su kaynaklari yonetimi ve analizinde ortak bir dil
olusturmaktadir. Bu sayede, verilerin tutarlilig1 ve uyumlulugu artacak, bilgi paylasim
kolaylagacak ve daha etkili kararlar alinabilecektir.

Hem INSPIRE hem de TUCBS teknolojik ilerlemeler ve cografi bilgi yonetimi alanindaki
yeniliklerle paralel olarak siirekli olarak giincellenmekte ve iyilestirilmektedir. Daha
etkin ve uyumlu bir cografi veri altyapisi saglamak i¢in teknolojik gelismeler ve kullanici
gereksinimlerindeki doniistimler géz 6niinde bulundurularak veri standartlarinda siirekli
uyumlastirma ve giincellemeler yapilmaktadir. Bu baglamda, yapilan literatiir aragtirmasi
sonucunda resmi olarak yapilan giincellemelere ek olarak, akademik arastirmacilar
tarafindan da gelistirme ve iyilestirme dnerileri sunuldugu goriilmektedir. Ornegin Ruiz-
Alarcon-Quintero [7] tarafindan gergeklestirilen ¢alismada, INSPIRE’in Ulasim Aglar
veri temasi igerisine farkli kaynaklardan gelen verilerin depolanabilmesi igin yeni bir veri
seti Onerisi sunulmustur. Abramic vd. [8] ise deniz alanlarinin siirdiiriilebilir kullanimini
saglamak i¢in mekansal planlamanin 6nemini vurgulayarak INSPIRE cer¢evesinde deniz
alanlarindaki veri paylasimi, koordinasyon ve entegrasyonun nasil saglanabilecegi

3
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tizerinde durmustur. Giinay, Akcay ve Altan [9] ise INSPIRE Ulasim Aglar: veri temasini
inceleyerek cografi verilerin kullanilabilirligi ve erisilebilirligi baglaminda yeni 6neriler
getirmiglerdir. Fernandez-Freire vd. [10] ise INSPIRE c¢ergevesinde kiiltiirel miras
verilerinin uyumlulugunu saglamak i¢in Koruma Bélgeleri veri temasi igerisine bir
uygulama semas1 gelistirmislerdir. Bu sema, farkli kiiltiirel miras veri kaynaklarinin
uyumlu bir sekilde entegre edilmesine ve etkilesimli hale getirilmesine yardimci olmay1
hedeflemektedir.

TUCBS’nin gelistirilmesi lizerine yapilan ¢alismalar incelendiginde, Sehsuvaroglu’nun
[11] ¢alismasinda, INSPIRE metaveri modelinin temel bilesenleri, metaveri yonetim
stiregleri ve konumsal web hizmetleriyle iliskisi ele alinmistir. Bu makale, konumsal
verilerin paylasimi ve etkilesimi i¢in standartlar ve yonergeler sunarak TUCBS’nin
gelistirilmesine katkida bulunmay1 amaglamaktadir. Coruhlu vd. [12], ¢alismalarinda
TUCBS i¢in vakif tasinmazlarinin arazi yonetimi temelindeki tiim is ve islemlerinin veri
setleri araciligiyla modellenmesini hedeflemektedir. Bu amag¢ dogrultusunda, TUCBS
i¢in yeni bir cografi veri modeli gelistirilmistir. Aydinoglu ve Bovkir [13] ¢alismalarinda,
tapu ve kadastro veri yonetimi i¢in genel kabul gérmiis uluslararasi standartlar ve standart
veri modellerini incelemektedir. Makalede, gelistirilen genel veri modeli, bu modele
dayal1 olarak onerilen veri yapilar1 ve iligkiler detayli bir sekilde agiklanmaktadir. Bu
calisma, Tirkiye'nin tapu ve kadastro verilerinin standartlara uygun bir sekilde
yonetilmesine yonelik bir ¢ergeve sunarak TUCBS'min gelisimine katkida bulunmay1
hedeflemektedir.

Literatiirde, su kaynaklar1 yonetimiyle ilgili olarak INSPIRE ya da TUCBS veri temalar1
veya veri standartlarina yonelik benzer galigmalara rastlanilmamistir. Bu ¢alisma, s6z
konusu alanda literatiirdeki boslugu doldurarak, TUCBS wveri standartlarinin su
kaynaklari yonetimi alaninda biiyiikk bir ilerleme kaydetmesine katki saglamayi
hedeflemektedir.

2. Calismanin amaci ve kapsami

Calismada, su kaynaklarinin etkin ve siirdiiriilebilir yonetimi i¢in veri standartlarinin
tyilestirilmesi hedeflenmektedir. Bu hedef dogrultusunda, su kaynaklari yonetiminde
ozellikle 6nemli olan ii¢ inceleme bagligi belirlenmistir: yagis-akis iliskisi analizleri,
tagkin analizleri ve hidrojeolojik analizler. Bu incelemelerde yaygin olarak kullanilan
yontemlerin belirlenmesi ve bu yontemlerde kullanilan temel cografi verilerin 6zellikleri
ile TUCBS wveri standartlar1 arasindaki uyumun arastirilmast amaclanmaktadir.
Boylelikle, su kaynaklar1 yonetiminde kullanilan verilerin nitelikleri daha iy1 anlasilacak
ve TUCBS veri standartlarinin su kaynaklar1 yonetimindeki kullanim potansiyeli
degerlendirilmis olacaktir.

TUCBS veri standartlar1 belirleme calismalar1 kapsaminda 32 cografi veri temasi
tanimlanmis [14] ve bu temalara iliskin 89 sema gelistirilmistir. [15]. Cografi veri
temalar1 belirli bir konuya iliskin olarak ulusal veya uluslararasi standartlara uygun
hazirlanan cografi veri toplulugunu ifade etmektedir [16]. Sema olarak da ifade edilen
uygulama semalari ise Birlesik Modelleme Dili (UML) notasyonu ile hazirlanan, verilerin
iceriginin ve anlamimin daha iyi anlagilmasimi saglayarak cografi verilerin yayilmasini,
paylasilmasini ve kullanimimi destekleyen yapi olarak tanimlanmaktadir [17]. Calisma
kapsaminda, standartlar1 incelenen 5 adet TUCBS cografi veri temasit ve bu veri
temalarina bagli olan semalar Sekil 1’de verilmistir.

4
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Sekil 1. Standartlar1 incelenen TUCBS cografi veri temalari ve bu temalara bagli olan
semalar.

Arastirma bulgularinin anlagilabilirligi i¢cin, TUCBS’deki veri yapilarinin tanimlarinin
verilmesi gerekli goriilmiistiir. Cografi Bilgi Sistemleri Genel Miidiirliigii tarafindan
2021 yili Kasim ayinda paylasilan Cografi Veri Temalarma Iliskin Tanimlama
Dokiimanlari ve Standartlar Egitim Dokiimanina [14] gore;

e Application Schema (Uygulama Semas1); detay kataloglar1 ve detay kavramlari igerir.
Boylelikle, verilerin igeriginin ve anlaminin daha iyi anlasilmasini saglayarak cografi
verilerin yayilmasini, paylasilmasini ve kullanimini destekler.

e Stereotype (Stereotip); UML profilinin pargasi olarak tanimlanmus, detay tipi, veri tipi,
kod listesi, deger listesi ve union siniflarindan herhangi birini ifade eder.

+¢ Feature Type (Detay Tipi); ayn1 6znitelik, geometri ve topolojik iliskilere sahip
cografi veriyi ifade eder. Uygulama semalar i¢inde birden fazla detay tipi
bulunabilmektedir.

+¢ Data Type (Veri Tipi): Detay tiplerinin i¢inde veya detay tiplerinden bagimsiz
olarak veri tipi tanimlamasi gerceklestirilebilmektedir.

¢ Codelist (Kod Listesi): secilebilir oznitelik degerleri listesidir. Kod listeleri
genellikle Oznitelik ismi ve bir koddan olusur. Esnek bir 6znitelik deger
tanimlamasi gerektiginde kullanilir.

¢ Enumeration (Deger Listesi); deger tiplerinin kesin oldugu ve degisikligin
olmayacagi durumlarda kullanilir. Deger listesinin kod listesinden farki, deger
tiplerinin kesin olmasi ve herhangi bir degisikligin olmayacagi durumlarda
kullanilmasidir.

+¢ Union; Oznitelik degerlerinin kod listesi, deger listesi ya da veri tiplerinden
olusabildigi, 6rnek durumda ayni anda bunlardan yalnizca birinin gegerli oldugu
stereotiptir [14].
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Calisma kapsaminda su kaynaklari yonetiminde incelenen ilk konu yagis-akis iliskisi
analizleridir. Ylzeysel akis ve kaynaklarla beslenen akarsularin akim verileri akim
gozlem istasyonlarindan elde edilebilmektedir. Yagis-akis iligkisi analizleri, verilen bir
yagis yuksekligine karsilik gelecek dolaysiz akis yiiksekliginin tahmin edilmesi i¢in
biiyilk 6neme sahiptir. Bu iliskiler, akim gdzlem istasyonlari veya akim o&l¢limleri
bulunmayan havzalarda akis ytliksekligini tahmin etmek i¢in kullanilmaktadir [18]. Bu
nedenle, yagis-akis iligkisi bagintilarinin kurulmasi, su kaynaklar1 yonetimi agisindan
onemli bir adimdir.

Su kaynaklar1 yonetimi baglaminda ikinci konu tagkin analizleridir. Taskin, dogal su
kaynaklariin normalden daha yiiksek seviyede, genellikle ani ve hizli bir sekilde tasmasi
durumunu ifade eder. Taskinlar, yogun yagislar, kar erimesi, sel olaylar1 veya barajlardan
asir1 su tahliyesi gibi faktorlerden kaynaklanabilir. Akarsularin, nehirlerin veya dere
yataklarinin tagsmasi sonucunda, suyun normal akis yollarinin disina ¢ikarak cevre
bolgeleri etkilemesine yol acar. Taskinlar, gevresel etkiler, altyapt hasari, tarim
alanlarinda erozyon ve su kaynaklariin kirlenmesi gibi sorunlar1 beraberinde getirebilir.
Bu nedenle, taskinlarin etkilerinin azaltilmasi ve tagkin yonetimi, su kaynaklar1 yonetimi
acisindan 6nemli bir konudur.

Ugiincii olarak, su kaynaklar1 yonetimi agisindan incelenen bir diger énemli konu
hidrojeolojik analizlerdir. Hidrojeoloji, suyun yer altindaki dolagimini, yer altt su
kaynaklarinin kékenini, hareketini, karakterini ve yiizey sulariyla olan iligkisini inceleyen
bir bilim dalidir. Bu alan, su kaynaklariin siirdiiriilebilir yonetimi i¢in énemli bilgiler
sagladig gibi, hidroloji, jeoloji, jeofizik, hidrojeokimya ve hidrobiyoloji gibi diger bir¢ok
bilim daliyla yakin iliskiler igerisindedir. Yeraltisuyu, 6nemli bir igme suyu kaynagi
oldugu gibi tarim sulamasi, sanayi faaliyetleri ve ekosistemlerin siirdiiriilmesi i¢in de
vazgecilmezdir. Bu nedenle, hidrojeolojik analizler, su kaynaklar1 yonetimi agisindan
biiylik bir 6neme sahiptir. Yer alt1 su kaynaklarinin siirdiiriilebilir kullanimini saglamak,
su temini ve su kalitesi sorunlarmi ¢ozmek, iklim degisikligi ve insan faaliyetlerinin
etkilerini degerlendirmek i¢in bu analizlerin yapilmasi ve elde edilen bilgilerin dogru
sekilde degerlendirilmesi gerekmektedir.

3. Materyal ve ¢caliyma yontemi

Aragtirma siireci, Sekil 2'de yontem akis semasi olarak sunulmustur. Problemin
belirlenmesinden sonra, su kaynaklar1 yonetiminde kullanilan temel analizlerin
belirlenmesi ve bu analizlerde kullanilan yontemlerin listelenmesi yapilmistir. Daha
sonra, analizler i¢in gereken cografi verilerin belirlenmesi adimina gegilmistir.

Belirlenen cografi verilerin zamansal ¢oziiniirliikleri lizerinde bir inceleme yapilmustir.
Zamansal ¢oziintirlikk, analizlerde kullanilacak verilerin ne siklikla gilincellenmesi
gerektigini ifade etmektedir. Son olarak, TUCBS veri standartlariyla ilgili bir aragtirma
yapilmis ve bu amagla karsilagtirma tablolar1 olusturulmustur. Bu tablolar, analizlerde
kullanilan verilerin TUCBS standartlariyla ne kadar uyumlu oldugunu degerlendirmek
amaciyla hazirlanmistir.
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Karsilastirma Tablolarinin Olusturulmasi

Sekil 2. Yontem akis semasi

YAGIS-AKIS iLiSKiSi ANALIZLERI

e SCS-CN Yontemi
e Yapay Sinir Aglari Yontemi
® Penman-Monteith Yontemi
e HEC-HMS Yontemi

TASKIN ANALIZLERI

¢ SCS-CN Yontemi
e AHP Yontemi
e HEC-RAS Yontemi

HIDROJEOLOJIK ANALIZLER

e Kuyu Hidroligi
e Genel Akifer Ozellikleri

Sekil 3. Calisma kapsaminda incelenen temel analiz ve yontemler

Bu aragtirmada, yagis-akis iligkisi analizleri, tagkin analizleri ve hidrojeolojik analizler
iizerinde derinlemesine inceleme yapmak amaciyla literatiir taramasi yoOntemi
kullanilmistir. Literatiir taramas1 yontemi, bu analizlerde kullanilan yaygin yontemlerin
belirlenmesi ve bu yoOntemlerde kullanilan temel cografi verilerin tespiti igin
kullanilmistir.  Literatlir taramas1 sonucunda, incelenen yagis-akis analizleri, taskin
analizleri ve hidrojeolojik analizler ile bu analizlerde kullanilan temel yontemler
belirlenmistir. ~ Sekil 3, bu analizler ve ilgili yontemlerin gorsel bir sunumunu
icermektedir.
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Arastirma kapsaminda incelenen yontemlerde kullanilan tiim verilerin TUCBS veri
standartlarinda bulunup bulunmadigi irdelenmemistir, onun yerine sadece temel veri
olarak kabul edilen diger verilerden tiiretilmeyen ve dolayisiyla dogrudan temin edilmesi
gereken veriler TUCBS standartlar igerisinde aranmustir. Ornegin, yagis, nem, sicaklik,
havza sinir1 gibi veriler temel veriler arasinda yer alirken, havza alani, havza ¢evresi,
ortalama havza yiiksekligi, havza egimi gibi veriler ise temel verilerden tiiretilen
verilerdir ve bu veriler 6zel veri olarak kabul edilmistir. Ozel verilerin TUCBS'de yer
almalar1 beklenmediginden, bu verilerin veri standartlar1 incelenmemistir.

3.1. Yagis-akas iliskisi analizleri

Yagis-akis iligkileri kapsaminda incelenen ilk yontem Amerika Birlesik Devletleri
Toprak Koruma Servisi (SCS) [19] tarafindan gelistirilen Egri Numarasi (CN) yontemi
olmustur. Bu ydntem ampirik bir yontem olup belirli bir alanda yagistan kaynaklanan
yaklasik akis miktarini belirlemek i¢in basit ve yaygin olarak kullanilmaktadir [20]. SCS-
CN yonteminde akisin belirlenmesi i¢in gerekli veriler; havza siniri, yagis, hidrolojik
toprak gruplar1 ve arazi kullanimi verileridir.

Yagis-akis iliskisinin hesaplanmasinda incelenen ikinci yontem Yapay Sinir Aglari
(YSA) yontemidir. Bu yoOntem, yagis miktar1 ve siireci ile su havzalarinda veya
akarsularda olusan akis miktar1 arasindaki iliskiyi anlamayi gerektirir. YSA’lar,
matematiksel olarak bu iliskiyi modelleyerek gelecekteki akis miktarini tahmin etme
yetenegine sahiptir. Yagis-akis iliskisinin YSA yontemiyle modellenmesi igin temel
veriler olarak yagis verileri ve akis verileri kullanilir. Yagis verileri; yagis miktarint ve
siirecini kaydeden istasyonlardan elde edilir ve modelin temel girdi verilerini olusturur.
Bu veriler belirli zaman serisi formatinda olmali ve belirli bir zaman araligindaki yagis
miktarini igermelidir. Akis verileri ise bir su havzasindaki veya akarsudaki akis miktarini
Olcen istasyonlardan elde edilen verilerdir. Bu veriler, yagis-akis iliskisini anlamak ve
modellemek icin hedef ¢ikt1 verileri olarak kullanilir. Akis verileri de zaman serisi
formatinda olmali ve yagis verileriyle ayni zaman araliginda kaydedilmelidir. Ayrica
modelde yagis-akis iliskisini etkileyebilecek diger hidrolojik degiskenler de kullanilabilir
[21]. Bu degiskenlere 6rnek olarak riizgar hizi, sicaklik, bagil nem, giineslenme siiresi ve
atmosferik basing gibi faktorler verilebilir. Her ne kadar YSA ydntemi i¢in gereken temel
veriler yagis ve akis verileri olsa da riizgar hizi, sicaklik, bagil nem, giineslenme siiresi,
atmosferik basimng gibi verilerin modelleme dogrulugunu arttiracagi diisiiniilerek
tamamlayici veriler olarak kabul edilebilirler.

Toplam buharlagma hesaplamasi, kurak ve yar1 kurak bdlgelerde su kaynaklar1 yonetimi
acisindan biiyiik 6nem tasimaktadir. Bu hesaplama islemi, ya lizimetreler araciligiyla
dogrudan oOl¢iimlerle gerceklestirilir ya da bu dl¢limlerin miimkiin olmadig1 durumlarda
meteorolojik parametrelerden yararlanarak tahmini degerler elde edilir. Bu tahminler,
deneye dayali esitlikler kullanilarak hesaplanir [22, 23]. Bu baglamda Birlesmis Milletler
Gida ve Tarim Orgiitii tarafindan kabul edilen Penman-Monteith ydntemi en yaygin
olarak kullanilan yontemdir. Referans {irlin i¢in standart degerler Allen vd. [24]
tarafindan detaylandirilmistir.  Ayrica, yagis-akis iligskisinin hesaplanmasinda da
incelenen iiclincli yontem olan Penman-Monteith yonteminin, lizimetrelerle olgiilen
toplam buharlagsma degerlerine en yakin sonuglar verdigi anlasilmistir [22, 23, 25]. Bu
yontem i¢in gereken veriler arasinda sicaklik, bagil nem, giineslenme siiresi ve ortalama
riizgar hiz1 verileri yer almaktadir.

Ele alinan dordiincti yontem, gelisen teknolojiyle birlikte giderek yayginlasan Amerika
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Birlesik Devletleri Savunma Bakanligi’na bagli Hidroloji Miihendislik Merkezi (HEC)
tarafindan 1998 yilinda gelistirilen [26] ve gliniimiize kadar giincellenerek gelen giivenilir
bir hidrolojik modelleme (HMS) yontemidir [27, 28]. HEC-HMS, yagis-akis iliskilerini,
su kaynaklarinin yonetimini, hidrolojik siirecleri anlamak ve simiile etmek amaciyla
kullanilmaktadir [29-33]. HEC-HMS yontemi, farkli alt hesaplama yontemlerini bir
araya getiren bir model oldugu i¢in kullanilacak veri seti ve parametreler, ¢calismanin
amacina, havza Ozelliklerine ve kullanilacak hesaplama yontemlerine bagli olarak
degisiklik gosterebilmektedir.

HEC-HMS yonteminde kullanilabilen veriler farkli bagliklar altinda incelenebilir. Bu
basliklar sunlardir: yagis verileri, havza 6zellikleri, hidrolojik parametreler, su kaynaklari
verileri ve meteorolojik veriler. Yagis verileri, havza iizerinde gerceklesen yagis
miktarini temsil eder ve ideal olarak, havza igindeki farkli noktalardan veya ol¢iim
istasyonlarindan elde edilmis olmalidir. Havza 06zellikleri ise havzanin fiziksel
karakteristiklerini tanimlayan verilerdir. Ornek olarak havza alani, havza gevresi, egim
ve ortalama havza yiiksekligi gibi bilgiler bu kategoriye girer. Hidrolojik parametreler,
yapilan analize bagli olarak belirlenir ve sizma katsayisi, birikme siiresi, akis katsayisi ve
CN degeri gibi degerleri igerir. Su kaynaklar1 verileri, havza igerisinde bulunan goller,
rezervuarlar, sulama kaynaklari1 gibi 6zelliklere iligkin verileri igerir. Son olarak, iklim
verileri sicaklik, bagil nem, giineslenme siiresi ve ortalama riizgar hizi1 gibi iklim
parametrelerini igerir.  Yagis-akis iligkisinin incelenmesi i¢in temel olarak yagis
verilerinin bulunmasi gereklidir. Ancak, havzanin 6zellikleri (havza sinirlari, havza alan,
gevresi, egimi, ortalama yiiksekligi vb.) ve varsa havzadaki dere sayisi ve dere sirasi [34]
gibi akarsu derecelendirmesinde kullanilan bilgilerin de modellemenin dogrulugunu
artirmak i¢in 6nemli tamamlayici veriler oldugu diistiniilmektedir .

Yagis-akis iliskilerinde kullanilan yoOntemlerin incelenmesi sonucunda, meteoroloji
istasyonundan temin edilmesi gereken temel verilerin yagis, nem, riizgar hizi,
giineslenme siiresi, atmosferik (barometrik) basing oldugu tespit edilmistir. Akim gézlem
istasyonundan temin edilmesi gercken temel veriler ise akarsu debisi ve akis
yiiksekligidir. Diger temel veriler dere sayist ve sirasi, havza sinirlari, hidrolojik toprak
gruplar1 ve arazi kullanimi verileridir.

3.2. Taskin analizleri

Taskin analizleri kapsaminda incelenen birinci yontem SCS-CN yontemidir. SCS-CN
yontemi, yagis-akis iliskisi analizlerinde ve tagkin analizlerinde 6nemli bir rol oynar. Bu
yontem i¢in gereken veriler yagis-akis analizleri baslig1 altinda incelenmistir.

Analitik Hiyerarsi Siireci (AHP) yontemi, ¢ok kriterli karar verme yontemlerinin en
yaygin kullanilanidir. Taskin analizleri kapsaminda incelenen bu yontem, alternatif ve
kriter sayisinin fazla oldugu durumlarda karar verme mekanizmasini kontrol altinda
tutmay1 ve miimkiin oldugunca hizli ve kolay bir sonug elde etmeyi amaclar. AHP, karar
vericinin tiim alternatifleri tiim kriterler altinda degerlendirerek, goreli dnemlerine gore
ikili kargilagtirmalar yapmasina dayanir. Arastirmacilarin 6nem verdikleri kriterlere gore
kullandiklar1 parametreler degiskenlik gosterse de genel olarak bu yontemde taskin risk
haritas1 elde etmek i¢in kullanilan verilerin yagis, ortalama havza egimi, arazi kullanimi,
ortalama havza yiiksekligi, havza sinir1, dere sayisi ve sirasi, toprak gegirgenligi gibi hem
morfolojik hem de iklimsel verilerden olustugu belirlenmistir [35-37].

Taskin analizleri kapsaminda incelenen {igiincii ve son yontem, HEC tarafindan ilk olarak
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1995 yilinda gelistirilmis [38] olan Nehir Analiz Sistemi (RAS) yontemi ve yazilimidir.
Bu yazilim, taskin modellemesi, akarsu tasmalarinin degerlendirilmesi, taskin
zararlarmin tahmin edilmesi ve akarsu koruma projelerinin tasarlanmasi i¢in
kullanilmaktadir. HEC-RAS, miihendislik, hidroloji, ¢evre ve su kaynaklar1 yonetimi
gibi alanlarda yaygin olarak kullanilan bir yazilim olup akarsu tagmalarinin yayilimini,
akis hizlarini, akis derinliklerini, hidrolik kesit 6zelliklerini ve akis rejimini analiz etmek
icin bir dizi hesaplama araci sunmaktadir. Ayrica, su seviyesi-egri eslestirme, koprii
hidroligi analizi, su baskini haritalama ve akarsu morfolojisi analizi gibi ek fonksiyonlari
da bulunmaktadir. Bu yontemde Sayisal Yiikseklik Modeli haritasi ve bu haritadan
iiretilen verilere ek olarak arazi kullanim bilgisi ve akarsu debisi verisine ihtiyag
duyulmaktadir.

Taskin analizlerinde temel olarak kabul edilen ve meteoroloji istasyonundan temin
edilmesi gereken veriler yagis ve nem verileridir. Akim gozlem istasyonundan temin
edilmesi gereken diger temel veriler ise akarsu debisi ve akis yiiksekligidir. Hidrolojik
toprak gruplari, havza sinirlari, havza sayisal ylikseklik modeli, jeolojik birimler, akis
yonil ve suyun goriiniir, kaybolur oldugu ya da akisin degistigi dogal noktalar olarak
tanimlanan [39] dogal su noktalar1 gibi veriler de diger temel veriler arasinda yer
almaktadir. Toprak gecirgenligi verisi arastirmacinin c¢alisma Olgegine bagli olarak

degisebileceginden 6zel veri olarak degerlendirilmistir.

3.3. Hidrojeolojik analizler

Hidrojeolojik analizler, kuyu hidroligi ve akifere ait temel 6zellikler olarak iki ayr1 baslik
altinda incelenmistir. Kuyu hidroligi bashgi altinda, statik su seviyesi, izin verilen
maksimum ¢ekim, dinamik su seviyesi, kuyu debisi, diisiim, kuyu verimi, kuyu ¢esidi,
kuyu yaricap1 gibi veriler yer almaktadir. Akifere ait temel 6zellikler baslig altinda ise,
hidroiletkenlik katsayisi, depolama katsayisi, akiferin doygun kalinligi, akifer tiirleri gibi
veriler listelenmis ve bu verilerin tamami temel veriler olarak kabul edilmistir.

3.4. Zamansal ¢oziiniirliiklerin belirlenmesi

Verilerin uygun zamansal ¢oziiniirliikle elde edilmesi, su kaynaklarinin dogru yonetimi
ve karar alma stireglerinde 6nemli bir rol oynamaktadir. Yagis-akis iliskisini modellemek
i¢in kullanilacak verilerin minimum zamansal ¢oziiniirliigii, projenin gereksinimlerine ve
amaglarina baghdir. Genel olarak, su kaynaklar1 yonetimi i¢in uygun olan zamansal
¢ozlinlirliik, yagis ve akis verilerinin saatlik veya daha kisa periyotlarda elde edilmesini
gerektirir. Ancak, veri toplama maliyetleri, 6l¢iim cihazlarinin sinirlamalar1 ve bolgenin
ozellikleri gibi faktorler ile saatlik ¢oziiniirliigiin her zaman miimkiin veya gerekli
olmayan durumlar1 da g6z oniinde bulundurulmalidir. Bu nedenle, baz1 durumlarda,
giinlik veya daha diisiik ¢oziiniirlikte yagis ve akig verileri kullanilarak genel bir
degerlendirme yapilabilir. Bu sebeple yagis-akis iligkileri i¢in verilerden beklenen
minimum zamansal ¢oziiniirliik “giin” olarak kabul edilmistir.

Taskin verilerinin yiiksek dogrulukta analiz edilebilmesi i¢in, verilerin uzun donemli ve
sik araliklarla elde edilebilmesi gerekmektedir. Taskinlar genellikle hizli bir sekilde
olusan ve ani degisimler gsteren hidrolojik olaylardir. Ozellikle yogun yagislarm oldugu
saatlik veya daha kisa siireli periyotlarda tagkinlar meydana gelebilir. Bu nedenle, taskin
analizlerinde, taskin olaylarinin dinamiklerini daha iyi anlamak ve etkili bir sekilde
modellemek igin minimum saatlik ¢dziiniirliik gereklidir. Ozel durumlar veya belirli
arastirma ihtiyaglar1 dogrultusunda dakikalik veri ¢oziiniirliigii gerekebilir, ancak genel
durumlar i¢in verilerin “saat” ¢oziiniirliigiinde olmas1 uygun olarak kabul edilmistir.

10



BAUN Fen Bil. Enst. Dergisi, 26(1), 1-18, (2024)

Hidrojeolojik analizlerde minimum zamansal ¢oziiniirliigiin “ay” olmasi gerektigi kabul
edilmistir. Bu, su kaynaginin genel dinamiklerini anlamak ve yonetmek icin yeterli bir
stire aralig1 saglar. Aylik veri toplama, su seviyeleri, debi, basing ve diger hidrolojik
degiskenlerin aylar igerisinde degisimlerini takip etmek i¢in uygun bir 6l¢lidiir. Aylik
zamansal ¢ozliniirliik, su kaynaginin daha yavas degistigi veya mevsimsel varyasyonlar
gosteren sistemlerde kullanishdir. Ornegin, yer alt1 su kaynaklarinin genellikle yavas
degisen karakteristiklere sahip oldugu diisiiniilmektedir. Bu durumda, aylik veriler,
hidrojeolojik degiskenlerin mevsimsel egilimlerini ve uzun vadeli trendlerini anlamak
icin yeterli olabilir. Ancak, hidrojeolojik analizlerde minimum zamansal ¢oziiniirliik
se¢imi, caligmanin amaci, su kaynaginin 6zellikleri ve yonetim ihtiyacglar1 gibi faktorlere
bagli olarak degisebilir. Daha hizli degisen sistemler veya daha detayli analizler i¢in daha
kisa zamansal ¢oziintirliikler gerekebilir. Bu nedenle, arastirmacilar ve uzmanlar, calisma
gereksinimlerini dikkate alarak kendileri i¢in en uygun zamansal c¢oziiniirligi
belirlemelidir.

4. Arastirma bulgu ve sonuclari

Bu boéliimde, literatiir taramasi yontemiyle belirlenen temel verilerin TUCBS veri
standartlar1 igerisindeki bulunma durumlarinin incelemesi yapilmistir. TUCBS’de
standardi belirlenmis olan verilerin veri temalari, semalar1 ve stereotipleri agiklanmistir.
Hem yagis-akis iligkisi analizlerinde hem de taskin analizlerinde ortak olan veriler
tekrarlanmamak adina, bu ortak veriler sadece yagis-akis analizi baglhiginda ele alinmistir.

4.1. Yagis-akus iliskisi analizleri

Yagis-akis iligkisi analizlerinde kullanilan yontemler detayli bir sekilde incelenmis, temel
veriler belirlenmis ve bu veriler Tablo 1’de sunulmugtur. Tabloya gore, TUCBS veri
standartlar1 igerisinde akim gbzlem istasyonlarindan temin edilmesi gereken akarsu debisi
ve akis yliksekligi verilerinin yer almadigi tespit edilmistir.

Diger yandan, meteoroloji istasyonundan temin edilmesi gereken temel veriler arasinda
yagis, nem, riizgar hizi ve sicaklik verileri yer almaktadir. Bu veriler standartlarda,
Atmosfer ve Meteoroloji Verileri veri temasinda GozlemlstasyonOlcumDegerleri
(codelist) iginde ToplamYagis, Nem, MaksimumRuzgarHizi, OrtalamaRuzgarHizi ve
Sicaklik oznitelikleri olarak verilmektedir. Ancak bu verilerin zamansal ¢oziintirliikleri
hakkinda herhangi bir bilgi yer almamaktadir. Bu durum veri standartlarinin saatlik,
giinlik ya da diger zaman araliklarindaki ¢Ozlintirliiglinii belirleyecek ayrmtilart
icermedigini géstermektedir.

Ayrica, meteoroloji istasyonundan temin edilmesi gereken giineslenme siiresi, atmosferik
basing, global radyasyon gibi diger temel verilerin TUCBS veri standartlari igerisinde yer
almadig1 goriilmektedir. Havzanin dere sayisi ve sirasi ile havza sinirlart verisi,
standartlarda Hidrografya veri temasinda HidroHiyerarsiDuzeni (data type) ve
DrenajHavzasi (feature type) olarak verilmistir. Arazi kullanimi verisi, standartlarda
Arazi  Kullamimi  veri  temasinda  AraziKullanimiDegeril000  (codelist) ve
AraziKullanimiDegeri5000 (codelist) olarak yer almaktadir. Ancak taskin analizlerinde
de kullanilan 6nemli bir veri olan hidrolojik toprak gruplari verisinin standardi, TUCBS
veri standartlar1 kapsaminda tanimlanmamastir.
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Tablo 1. Yagis — akus iliskileri analizlerindeki temel verilerin TUCBS veri standartlar
kapsaminda incelenmesi.

TUCBS
VERILER
DURUM TEMA SEMA STEREOTIP
Atmosfer ve | Atmosfer ve GozlemlstasyonOlcumDegerleri
Yagis VAR Meteoroloji Meteoroloji mistasy | g€l
Verileri Verileri (codelist) iginde ToplamYagis
Atmosfer ve = Atmosfer ve .
Nem VAR Meteoroloji Meteoroloji GozlemIsf[a.syonOIcumDegerIen
= Verileri Verileri (codelist) iginde Nem
=
o GozlemlstasyonOlcumDegerleri
z . Atmosfer ve | Atmosferve - oo icinde
8 Riizgar hiz1 VAR Meteoroloji Meteoroloji . .
2 Verileri Verileri MaksimumRuzgarHizi ve
:g OrtalamaRuzgarHizi
= Atmosfer ve | Atmosfer ve .
(=]
s Sicaklik VAR Meteoroloji Meteoroloji Gozlemls.tgsyono.lcukrka egerleri
D Verileri Verileri (codelist) iginde Sicakli
ko
= Giineslenme )
Siiresi
Atmosferik )
Basin¢
Global )
Radyasyon
= Akarsu
= -
e£5 Debisi
28N 7
<% = Akis )
O2  viiksekligi
Dere Sayisi ve Sirasi VAR Hidrografya FTzlgjkrgeglrSHZr HidroHiyerarsiDuzeni (data type)
Havza Sinirlar: VAR Hidrografya FTzlidI:s?e%rgmgr DrenajHavzasi (feature type)
Arazi AraziKullanimiDegeri1000
Arazi Kullanimi VAR Arazi Kullanimi (COde.IISt) o .
Kullanimi Siniflandirma AraziKullanimiDegeri5000
(codelist)
Hidrolojik Toprak
Gruplan

4.2. Taskin analizleri

Bu boliimde taskin analizlerinde kullanilan verilere iligkin bilgilere yer verilmektedir.
Tablo 2’de taskin analizlerinde kullanilan temel veriler sunulmaktadir. Akim gbzlem
istasyonundan temin edilmesi gereken akarsu debisi ve akis yiiksekligi verilerinin,
TUCBS veri standartlar1 igerisinde bulunmadigi gézlemlenmektedir. Ote yandan, diger
temel verilere bakildiginda; havzanin sayisal yiikseklik modelinin Yiikseklik veri
temasinda YuzeyTipDegeri (enumeration) iginde sayisalYuzeyModeli olarak, jeolojik
birimler Jeoloji veri temasinda JeolojikBirim (feature type) olarak, akarsu akis yonii ile
dogal su noktalarinin Hidrografya veri temasinda HatYonu (data type) ve
DogalSuNoktalari (feature type) olarak TUCBS veri standartlari arasinda yer aldigi
goriilmektedir.
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Tablo 2. Taskin analizlerindeki temel verilerin TUCBS veri standartlar1 kapsaminda

incelenmesi.
TUCBS
VERILER
DURUM TEMA SEMA STEREOTIP
= Atmosfer ve Atmosfer ve GozlemlstasyonOlcumDegerleri
oz Yagis VAR Meteoroloji Meteoroloji (codelist) i itz;le To Iang is
e e Verileri Verileri ¢ P g
§ g Atmosfer ve Atmosfer ve GozlemlstasyonOlcumDegerleri
S-Z  Nem VAR Meteoroloji Meteoroloji (codelist) i 'yd Nern Y
Verileri Verileri codelist) ieinde
g 2 Akarsu )
E 5 © Debisi
~ N @
< 8 s Akis )
= Yiiksekligi
. Hidrografya . .
Havza Sinirlari VAR Hidrografya Fiziksel Sular DrenajHavzasi (feature type)
Yiikseklik . . . ..
‘I(-I?lzzal?ll-lll( ?\Zy:;all- VAR Yiikseklik Grid sYauzi:;/I'l'YIEZDeegl\(jll;)l d(;:ll}umeratlon) icinde
ukseklt odelt Coverage y y
Jeolojik Birimler VAR Jeoloji Jeoloji JeolojikBirim (feature type)
Akis Yonii VAR Hidrografya H|driggrafya HatYonu (data type)
. Hidrografya .
Akis Noktasi VAR Hidrografya Fiziksel Sular DogalSuNoktalari (feature type)
Arazi Arazi AraziKullanimiDegeril000 (codelist)
Arazi Kullanimi VAR Kullanimi . o . .
Kullanimi AraziKullanimiDegeri5000 (codelist)
Simiflandirma
Hidrolojik i
Toprak Gruplar

4.3. Hidrojeolojik analizler

Hidrojeolojik analizlerin incelenmesi, kuyu hidroligi ve akifer 6zellikleri ¢ercevesinde
yapilmistir. Buna gore Tablo 3°te de gortilebilecegi gibi, temel veriler igerisinde kabul
edilen hidrojeolojik kuyu tiirli; diger miithendislik dallarinda agilan sondaj kuyularindan
ayrilarak, =~ TUCBS  veri  standartlar1  i¢cinde  Jeoloji ~ veri  temasinda
HidrojeolojiSondajKuyusuAmacDegeri (codelist) olarak tanimlanmigtir. TUCBS veri
standartlarina gore, hidrojeoloji sondaj kuyusu amag¢ degerleri arasinda acil su temini,
arastirma, ¢evresel izleme, diger, drenaj, endiistriyel su temini, igme suyu temini, sulama
suyu temini, suni besleme, su seviyesi diisiirme, yeraltisuyu kalite izleme ve yeraltisuyu
seviyesi izleme tiirleri yer almaktadir [40].

Hidrojeolojik amagli agilmis bir yeraltisuyu kuyusuna iliskin en 6nemli bilgiler arasinda,
kuyunun statik seviyesi, kuyudan yasal olarak izin verilen maksimum ¢ekim, kuyu debisi,
dinamik seviye, diisiim ve 6zgiil debi bulunmaktadir. Ancak, bu verilerin TUCBS
icerisinde standartlastirilmis bir formatta yer almadigi gozlenmektedir. TUCBS
standartlarina gore yeraltisuyu kuyusu geometrik olarak tanimlanabilmektedir, ancak
kuyu log ve kiitiiklerinde 6nem tasiyan bu veriler, yeraltisuyu kuyusunun 6znitelikleri
olarak yer almamaktadir. TUCBS veri standartlar1 incelendiginde yeraltisuyu seviyesi,
Jeoloji veri temasinda YeraltisuSeviyesi (data type) i¢inde YeraltisuyuYuzeyi (union)
olarak, kuyu debisi (m%/giin) ise ayn1 veri temasinda SondajKuyusu’nun (feature type)
debi 6zniteligi olarak bulunmaktadir.
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TUCBS veri standartlar1 akifer 6zellikleri a¢isindan incelendiginde, Jeoloji veri temasi
icinde akifer, akitard, akifiij, akikliid ve akifer sistemleri gibi hidrojeolojik birimler i¢in
detay tiplerinin tanimlandig1 goriilmektedir. Akifer ¢esitlerinin basingli negatif, basingh
pozitif, serbest, tiinek, yar1 basingli gibi tanimlanabilmesi i¢in AkiferTipDegeri (codelist)
adinda bir kod listesinin mevcut oldugu goriilmektedir [40].

Tablo 3. Hidrojeolojik analizlerdeki temel verilerin TUCBS veri standartlar1
kapsaminda incelenmesi.

TUCBS
VERILER
DURUM | TEMA SEMA STEREOTIP
SondajKuyusuAmacDegeri (codelist) i¢inde
Kuyu Tiirii VAR Jeoloji Jeoloji HidrojeolojiSondajKuyusuAmacDegeri

(codelist)
YAS Kuyusu VAR Jeoloji | Hidrojeoloji | YASKuyusu (feature type)

Statik Seviye = VAR | Jeoloji | Hidrojeoloji $Z:Z:E:ﬂiﬁvﬁ‘;z;(lﬁslgyrge) iginde
Kuyu Debisi
(m®/giin)
izin Verilen
Maks. Cekim
Dinamik
Seviye
Diisiim -
Kuyu Verimi -
Ozgiil Debi -

VAR Jeoloji Jeoloji SondajKuyusu (feature type)’n 6zniteligi debi

Akifer (feature type), AkiferSistemi (feature

Hidrojeolojik VAR Jeoloji | Hidrojeoloji | type), Akifuj (feature type), Akiklud (feature

Birimler type), Akitard (feature type)

Akifer VAR Jeoloji | Hidrojeoloji | AkiferTipDegeri (codelist)

Cesitleri J Je010) pLeg

Akiferin . . TP
Doygun VAR Jeoloji | Hidrojeoloji Yeraltlsuyu_Kl_JtIeS| (feature type)’in 6zniteligi

- doygunKalinlik

Kalinhg

Depolama Akifer (feature type)’in 6zniteligi
P VAR Jeoloji | Hidrojeoloji | depolamaKatsayisi ve Akitard (feature type)’in
Katsayisi PR . L
ozniteligi yaklasikDepolamaKatsayisi

Hidrolik Akifer (feature type)’in 6zniteligi

iletkenlik VAR Jeoloji | Hidrojeoloji | gecirimlilikKatsayisi ve Akitard (feature type)’in

ozniteligi yaklasikGecirimlilikKatsayisi

5. Tartisma ve oneriler

Bu ¢alismada, su kaynaklar1 yonetimi i¢in genel kabul géren yontemler ve bu yontemlerin
uygulanmasi i¢in gereken veriler incelenmistir. Sonrasinda, bu veriler icerisinde temel
olarak degerlendirilen veriler ayr1 bir sekilde listelenmistir. Ozel veriler, ¢alismanin
kapsamina, istenen detaylara ve mekansal/zamansal c¢Ozlniirliige baglh olarak
degisebilmektedir. Bu nedenle, bu 6zel verilerin TUCBS veri standartlar1 icerisinde yer
almas1 beklenmemis ve sadece temel olarak kabul edilen veriler lizerinde arastirmalar
yapilmustir.
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Yagis-akis iligkisi ve tagkin analizlerinde kullanilan giineslenme siiresi, atmosferik basing
ve global radyasyon gibi temel meteorolojik veriler, TUCBS veri standartlar1 i¢inde
bulunmamaktadir.  Yagis, nem, riizgdr hizi ve sicaklik verileri icin standartlar
tanimlanmistir, ancak zamansal ¢oziiniirliikk bilgisi bulunmamaktadir. Akim goézlem
istasyonu verileri olan akarsu debisi ve akis yliksekligi verileri i¢in de veri standartlari
bulunmamaktadir. Hidrolojik toprak gruplar1 da yagis-akis iliskisi ve tagkin analizlerinde
kullanilan 6nemli verilerdir. Topraklarin gegirgenliklerine gore A, B, C, D seklinde
siniflandirilmasi ile hidrolik toprak gruplari olusmaktadir. Toprak gruplar1t TUCBS veri
standartlar1 igerisinde Toprak veri temasi altinda yer almasina ragmen, hidrolik agidan
anlam tasimamaktadir.

Hidrojeolojik analizler agisindan TUCBS veri standartlarina bakildiginda, hidrojeolojik
amaglarla agilan bir yeraltisuyu kuyusuna ait en 6nemli bilgiler arasinda kuyunun statik
seviyesi, izin verilen maksimum ¢ekim, debi, dinamik seviye, diisiim ve 6zgiil debi yer
almaktadir. Ancak bu verilerin TUCBS veri standartlar1 i¢inde yer almadig1 goriilmiistiir.
TUCBS’de statik seviye igin YeraltisuSeviyesi (data type) icinde YeraltisuyuYuzeyi
(union) tanimlanmaktadir. Gergek hayatta yeraltisuyu seviyesi noktasal ol¢iimlere
dayanmaktadir.  Yeraltisuyu yiizeyinin TUCBS’de “union” olarak tanimlanmasi,
yeraltisuyu seviyesinin noktasal olarak da toplanabilecegini gostermektedir. Bununla
birlikte, statik seviye Ozniteliginin yeraltisuyu kuyusu igerisinde olmasinin daha dogru
olacag diisiiniilmektedir.

Hidroiletkenlik katsayis1 ve depolama katsayisi, akifer veya akitard iginde
tanimlanabilecek alansal verilerdir. TUCBS standartlaria gore, bu katsayr degerleri
Akifer (feature type) ve Akitard (feature type) iginde 6znitelik olarak tanimlanmaktadir.
Ancak akifer veya akitardlar i¢inde birden ¢ok jeolojik birim bulunabileceginden, birden
fazla hidroiletkenlik veya depolama katsayis1 degeri tanimlanmasi gerekmektedir. Ayni
zamanda bu katsayilar alani temsil eden niceliksel degerler olsa da yeraltisuyu seviyesi
Ol¢iimlerinde oldugu gibi arazide acilan deney kuyular1 aracilifiyla noktasal olarak
Ol¢iilmektedirler. Her iki durumu da dikkate alarak, hidroiletkenlik katsayis1 ve depolama
katsayis1 igin noktasal geometrinin kullanilabilecegi yeni bir detay tipinin
olusturulmasinin faydali olacag: diisiiniilmektedir.

Doygun kalinlik, akifere ait bir 0Ozelliktir ve TUCBS veri standartlarinda
YeraltisuyuKutlesi (feature type) iginde Oznitelik olarak verilmistir. Akiferin doygun
kalinlig1 da noktasal olarak olciilebilen bir veri oldugu ve bir akifer i¢cinde birden fazla
doygun kalinlik verisi olabilecegi diisiiniildiigiinde, bu veri i¢in de noktasal geometrinin
kullanilabilecegi yeni bir detay tipi olusturulmasinin yararl olacagi sdylenebilir.

TUCBS’nin su kaynaklar1 yonetimindeki énemi ve etkinligi, yapilan arastirmalar ve
degerlendirmeler sonucunda agik¢a ortaya konmustur. TUCBS'nin sagladig: standartlar,
su kaynaklarmin izlenmesi, analizi ve planlamasi gibi kritik siireglerde birlikte
caligabilirlik ve veri biitiinliiglinii saglayarak etkin karar almayi desteklemektedir.
Bununla birlikte, veri standardi belirleme caligmalarinin siirekli gelisen bir siire¢ oldugu
diistintildiiglinde TUCBS veri tanimlama dokiimanlarinin giincellenerek su kaynaklar
yonetiminde kullanilan tiim temel verileri ve zamansal ¢oziiniirliikleri icerecek sekilde
yeni versiyonlarmin yaymlanmast onemlidir.  Bu giincellemeler, su kaynaklar
yonetimindeki gelismelere ve ihtiyaclara uyum saglayarak veri paylasimi ve isbirligini
daha da giiglendirecektir.
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Oz

Amonyak (NHs) emisyonlari, atmosferde insan saglhigi ve ¢evre iizerinde onemli etkileri
olabilecek PMz s olusumunda ¢ok énemli bir rol oynamaktadir. Bu ¢alismada, daha once
bir siit sigirciligi tesisinden atmosfere yayilan NH3 gazi emisyon degerleri kullanilarak,
isletme i¢cin NH3z gazinin saatlik ve giinliik dagilimlart modellenmistir. Isletmeden salinan
NHs gazi AERMOD (The American Meteorological Society/Environmental Protection
Agency Regulatory Model) ile modellenmistir. AERMOD giiniimiizde endiistriyel
alanlarla birlikte hayvancilik tesislerinden salinan hava kirleticilerinin etkilerini
belirlemek icin kullanilan USEPA onayli bir hava kalitesi dagilim modelidir. Calisma
alani, yaklasik 2200 bas hayvana sahip ticari bir siit sigirt isletmesidir. Modelleme
sonucunda, igletmeden en yakin yerlesim alanina olan saatlik NH3 imisyon yiikii yaklasik
19 ug/m® ve giinliik NHs gazi imisyon etkisi yaklasik 4 ug/m® olarak tahmin edilmistir. Bu
degerlerin hem Amerikan ve hem de Avrupa hava kalitesi yasal simir degerlerinin olduk¢a
altinda kaldigi tespit edilmistir.

Anahtar kelimeler: Hayvancilik tesisi, amonyak, AERMOD.

Modeling of atmospheric ammonia gas from livestock farms with
AERMOD

Abstract

Ammonia (NH3) emissions play a very important role in the formation of PMzs in the
atmosphere, which can have significant effects on human health and the environment. In
this study, hourly and daily dispersions of NHz gas for the dairy were modeled by using
the NH3z gas emission values emitted from the dairy facility. The emitted NH3 gas from
the operation has been modeled using AERMOD (The American Meteorological
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Society/Environmental Protection Agency Regulatory Model). AERMOD is an USEPA-
approved air quality dispersion model employed to determine the impact of air pollutants
released from industrial areas as well as livestock facilities. The study area is a
commercial dairy farm with approximately 2200 head of animals. As a result of modeling,
the hourly immission has been estimated to be approximately 19 ug/m® and the daily NH3
gas immission has been also estimated to be approximately 4 ug/m* from the dairy to the
nearest residential area. It has been determined that these estimated values are well
below both the American and European air quality standards.

Keywords: Livestock, ammonia, AERMOD.

1. Giris

Hayvancilik isletmeleri, 6zellikle siit endiistrisi, kiiresel ekonomiye onemli bir katki
saglamaktadir. S6z konusu isletmeler, hayvansal proteinin ve siit iiretiminin temel
kaynaklari olarak degerlendirilir. Ancak bu sektor, son yillarda, amonyak (NHz), hidrojen
stilfit (H2S) ve metan (CHs) gibi zararli gaz emisyonlari basta olmak iizere 6nemli
cevresel sorun kaynagi teskil eden faaliyetler kapsamina dahil edilmistir.

Amonyak gazi, atmosferdeki ince partikiilli maddenin (PM2s) 6nemli bir dnciistidiir.
Amonyak, kiikiirt dioksit (SO2) ve nitrojen oksitler (NOyx) gibi diger kirleticilerle
reaksiyona girdiginde, PM2s'in ana bilesenleri olan amonyum siilfat (NH4)2SOs ve
amonyum nitrat NHsNOs olusturabilir [1,2]. Amonyak, ozellikle hayvancilik
faaliyetlerinden ve giibre uygulamasindan kaynaklanan emisyonlarinin yiiksek oldugu
tarim alanlarinda olmak tiizere birgok bolgede PM2s olusumuna 6nemli bir katk: saglar.
Bu durum, insan sagligi ve ¢evre lizerinde olumsuz etkilere neden olabilir [1].

Kiiresel 6lgekte amonyak emisyonlarinin %81°1 tarimsal faaliyetlerden olusmaktadir [1].
Amonyak emisyonlari, kiiresel PM25 olusumuna da énemli oranlarda rol oynamaktadir.
Bu oran, Avrupa’da %50, Amerika Birlesik Devletleri'nde %30 ve Cin’de ise %25
civarindadir [3-5].

Amonyak gazi; giibre, idrar ve yataklik malzemelerinde organik nitrojenin parcalanmasi
sirasinda olusan keskin kokulu renksiz bir gazdir [6]. Siit sigir1 yetistiriciligi yapilan
hayvancilik tesislerinden kaynaklanan amonyak emisyonlarinin birincil kaynaklari,
hayvanlarin yasam alanlar1 ve giibre depolama, tasima ve bertaraf sistemleridir.
Hayvancilikta kullanilan en yaygin giibre depolama sistemi, sivi gilibrenin tutuldugu
biiyiik bir acik hava havzasi olan lagiindiir. Giibre daha sonra lagiiniin digina pompalanir
ve giibre olarak ekili araziye uygulanir. Giibrenin depolanmasi ve islenmesi sirasinda,
ozellikle giibrenin sicaklik ve pH seviyelerinin arttif1 sicak yaz aylarinda atmosfere
amonyak salinabilir [6-9].

Amonyak gazi emisyonlari, havadaki diger kirleticilerle reaksiyona girerek solunum ve
kardiyovaskiiler saglik sorunlariyla baglantili ince pargacikli madde olarak nitelendirilen
PM3 s kirleticisinin olusumuna etki etmektedir [9-11]. Ayrica, yliksek diizeyde amonyaga

maruz kalmak g6z ve solunum yolu tahrisine neden olabilir ve asir1 durumlarda 6liimciil
olabilir [1,12,13].
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Amonyak gazi emisyonlari, siit endiistrisinde 6nemli bir ¢evre sorunudur. Siit inekleri
tarafindan tiretilen biiyliik miktarda gilibrenin bir sonucu olarak, giibre depolama ve
isleme, hayvan barinaklar1 ve besi alanlarindan amonyak gaz1 ve diger zararli gazlarin
yayilmasina neden olabilir. Hayvancilikta kullanilan en yaygin giibre depolama sistemi,
stv1 giibrenin tutuldugu biiyiik bir agik hava havzasi olan lagiindiir [1,6,14].

Belirli bir kirletici kaynagindan salinan kirleticileri karakterize etmek i¢in hava
Kirleticilerine ait AERMOD (The American Meteorological Society/Environmental
Protection Agency Regulatory Model) gibi dagilim modelleri yaygin olarak
kullanilmaktadir [15,16]. Atmosferik dagilim modelleri, hava kirleticilerin atmosferdeki
taginmasini ve dagilimini simiile etmek i¢in kullanilan bilgisayar programlaridir. Bu
modeller; riizgar hizi, tiirbiilans ve kararlilik dahil olmak {izere atmosferin davranisini
aciklamak i¢in matematiksel denklemler kullanir. AERMOD da, hayvancilik tesisleri de
dahil olmak iizere endiistriyel kaynaklardan kaynaklanan hava kalitesi etkilerini
degerlendirmek igin yaygin olarak kullanilan bir atmosferik dagilim modelidir [15-17].
Model ayrica, bu konsantrasyonlarin halk sagligi standartlarini asabilecegi alanlari
belirlemek i¢in de kullanilmaktadir [16].

Bu caligmada, daha dnce bir siit sigirciligr tesisinden atmosfere yayilan amonyak gazi
emisyon degerleri kullanilarak, belirli kaynaklardan yayilan amonyak gazinin saatlik ve
giinliik dagilimlart modellenmistir. Elde edilen sonuglar yasal limitler ile kiyaslanarak
isletmenin, bolgede insan sagligina ve ¢evreye olasi etkileri incelenmistir.

2. Materyal ve yontem

Isletme icinde gercek zamanli NHz gazi konsantrasyonlar1 dlgiilmiis ve emisyonlar:
hesaplanmistir [14]. Ayrica, s6z konusu 6nceki ¢alismaya ek olarak, atmosferik NH3z gazi
dagilim modellerinin olusturuldugu hayvancilik isletmesine ait bilgiler, 0l¢lim ve
modelleme yontemleri takip eden kisimlarda detayli olarak agiklanmustir.

2.1. Calisma alan

Calismaya konu olan hayvancilik tesisi Amerika Birlesik Devletleri’nin Texas eyaletinde
bulunmaktadir. Isletmede, yaklasik 2000 bas sagmal ve 200 bas kuruda inegin bulundugu,
sundurmali a1k alanlardan olusan siit sigircilig1 yapan bir isletmedir. Bu isletmede, Sekil
1’de gosterildigi tlizere, bagimsiz barinaklara sahip merkezi besleme ve sulama alanlari
olan 16 adet toprak tabanli serbest gezinti alanlarindan olusmaktadir [14]. Her bir
bolmede, giibrenin (diski ve idrar) ¢ogu serbest ahir tabaninda birikmis olsa da giibrenin
ve prosesten kaynaklanan atik suyun bir kismu hayvanlarin yogun olarak bulundugu
bekleme alanindan (ineklerin gegici olarak sagim icin bekletildigi alan) ve sagim haneden
birincil lagiine tasmmaktadir. Ikincil lagiin, birincil lagiinden aritilmis atik suyu
depolamak ve isletmeye ait merayr sulamak icin kullanilmaktadir. Agik alan
bdlmelerinde, hayvanlarin beslendikleri kisimdaki beton yolda biriken giibre giinde bir
kez traktorler ile toplanip daha sonra sahada lagiinler ve acik alanlar arasinda
istiflenmektedir. Istiflenen giibre yigmlari, yiikk kamyonlar1 kullanilarak isletmeden
uzaklastirilmaktadir [14].

Bu calismada, NHs gaz1 konsantrasyon ol¢iimleri gercek zamanli olarak Sekil 1’de
gosterildigi lizere, rastgele secilen bir agik alan yasam bolmesinde gerceklestirilmistir

[14].
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NH;s olglilen
temsili agik alan

Sekil 1. Amonyak gazi 6l¢iimii yapilan isletme ve 6l¢iim kaynaklarinin gosterimi [14].

2.2. NH3z emisyonlari

Isletme icinde belirlenen agik alanlarda &lgiilen gercek zamanli NHs konsantrasyonlari
daha once belirlenen Ol¢im protokoliine gore [14], esitlik (1) kullanilarak kiitle
konsantrasyonuna (Cxate) doniistiiriilmiistiir.

P
Ciiete = 1000 X |- x Coppm MWiyyr3 (1)
Ckitle : amonyak gazi kiitle konsantrasyonu (pg/md)
R : gaz sabiti (0.08206 atm-L/gmol-K)
T : mutlak sicaklik (K)
P : basing (atm)

Cppm : Olglilmiis amonyak gazi hacimsel konsantrasyonu (ppm)
MWnh3: amonyak gazi molekiiler agirligi (17.03 g/mol)

Kiitle konsantrasyonu, esitlik (2) kullanilarak emisyon akilarma doniistirilmistiir.

Kullanilan hacimsel akis hiz1 bu 6rneklem i¢in 7 L/dk ve aki 6l¢lim iinitesinin “ayak izi
alan1 0,192 m? olarak belirlenmistir.

Onuz = —Ckﬁjzxve (2)

Onvz  : amonyak gazi akisi (Lg/m?-S)
Vo : ak1 6l¢lim tinitesine giden hacimsel akis (7 L/dak)
Ag : aki 6l¢iim iinitesi alan1 (0,192 m?)
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Amonyak gazi emisyon oranlarini tahmin etmek i¢in kiitle konsantrasyonlar1 ve emisyon
aki degerleri bilinmelidir. Emisyon oranlari, esitlik (3) kullanilarak temsili 61¢tim yapilan
acik alan i¢in amonyak gazi emisyon oranlar1 hesaplanmistir.

EOyny3 = OypsxA (3

EOnh3 : amonyak gazi emisyon orani (ug/s)
A : emisyon oranin hesaplandig1 kaynak alan1 (m?)

2.3. AERMOD dagiim modeli

AERMOD, hava kirleticilerin atmosferdeki taginmasini ve dagilmasint 6ngdren, yaygin
olarak kullanilan bir hava kalitesi dagilim modelidir. Emisyon kaynagindan cesitli
mesafelerde bulunan alicilardaki kirletici konsantrasyonunu hesaplamak i¢in bir Gauss
bulut modeli kullanir [15,16]. AERMOD, havadaki Kkirleticilerin konsantrasyonunu
tahmin etmek icin riizgar hizi, riizgar yonii, atmosferik kararlilik ve arazi engebeligi gibi
cesitli faktorleri hesaba katar [17-20]. AERMOD sonugclart literatiirde yaygin bir sekilde
dogrulanmistir ve diinya capindaki diizenleyici kurumlar tarafindan genis c¢apta kabul
gormiistiir [21]. AERMOD ayrica, kirsal alanlarda bulunan hayvancilik tesisleri icin
onemli olabilecek dagilim tlizerinde arazinin etkisini modelleme se¢enegini de icerir [18].
Genel olarak AERMOD gibi hava Kkalitesi dagilim modelleri, amonyak gazi
emisyonlarinin etkisini degerlendirmek i¢in giivenilir ve saglam bir ¢ergeve saglar [19]
ve insan sagligi ve c¢evre lizerindeki etkiyi azaltmak icin etkili azaltma onlemlerinin
belrlenmesine yardimei olabilir [15-17].

AERMOD siirecinin ¢1ktisi, insan sagligt ve cevre iizerindeki potansiyel etkiyi
degerlendirmek icin kullanilabilen, ¢esitli alict noktalarinda tahmin edilen bir kirletici
konsantrasyonu olarak degerlendirilmektedir [21,22]. AERMOD siirecinin, izleme,
modelleme ve hafifletme Onlemlerini igeren daha biiyiik bir hava kalitesi yonetim
sisteminin bilesenlerinden yalnizca biri olduguna dikkat etmek onemlidir. AERMOD
stirecinin dogrulugu ve giivenilirligi, girdi verilerinin kalitesi ve modelleme siirecinde
yapilan varsayimlar gibi ¢esitli faktorlere baghdir [22]. Caligma kapsaminda elde edilen
NHs emisyonu dagilim modelleri sonu¢ kisminda sunulmustur.

3. Sonuglar ve tartisma
Calismanin yapildig isletmeye ait kirletici kaynaklari olan agik alanlar ve lagiinlere ait
alansal bilgiler, aki iinitesi, amonyak gazi 6l¢iim ve hesaplanan aki, emisyon orani ve

emisyon faktorii degerleri Tablo1’de sunulmustur [14].

Tablo 1. Isletmeye ait amonyak gazi dl¢iim degerleri.

Kirletici | Alan | Akig | N3 | NHs NHs Ak | EMisyon | Emisyon
Kaynaklar | (m?) (L/dK) (ppb) | Kiitle K(;nst. (ng/m?-s) Orarjl Faktorii
(ng/m°) (kg/giin) | (kg/yil/bas)
Gezinti 102840 7.032 4178.1 2910.16 1.78 15.78 2.62
Alanlar1 0.02° 65 45.27 0.03 0.25 0.04
Lagiin-1 6275 6.6 22998.6 16019.15 9.18 4.98 0.83
1.9° 11427.7 7959.70 4.56 2.47 0.41
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Tablo 1 (devami)

. 6.9 12700.9 8846.52 5.30 21.10 3.50
Lagiin-2 | 46094 /51453 8 73400 0.12 0.48 0.08
Toplam 41.9° 6.9°¢
@ Ortalama
P95% giiven aralig1 (CT)
¢ Toplam

Olgiimler ve hesaplamalar sonucunda, isletmeden tiim kaynaklarin dahil edilmesiyle
beraber emisyon orani olarak yaklasik olarak giinliik 42 kg NHs gazi salim1 yapildigi
tespit edilmistir. Bu deger kullanilarak, hayvan basina yaklasik olarak yillik 7 kg
civarinda NHs salimi1 yapildig: belirlenmistir [14]. Amonyak gazi emisyonlarinin kaynak
bazli dagilimlar1 incelendiginde, su igerigi ¢ok yiiksek olan atiklarin depolandigi Lagiin-
2 kaynag1 yaklasik olarak %50 orami ile ilk sirayr almaktadir. Hayvanlarin yasam
faaliyetlerini siirdiirdiigii gezinti alanlar1 bolmeleri yaklasik %38 pay ile ikinci kaynak
olarak belirlenmistir. Ayica, en yliksek NH3 konsantrasyonlarinin 6l¢iildiigii (yaklagik 23
ppm) ancak en kiiclik alana sahip olan Lagiin-1 kaynagindan ise yaklasik %10’luk bir
katki oldugu tespit edilmistir.

Bu calismada, yaklasik 2200 bas hayvana sahip ticari bir siit sigir1 isletmesinden hava
yolu ile dis ortama salinan NH3 gaz1 yayilimi, AERMOD algoritmas: dagilim modelleri
kullanarak saatlik ve giinliik olarak olusturulmustur. Hayvancilik isletmesi ig¢in
olusturulan dagilim modeli sonucunda, NH3 gazi emisyonlarinin en yakin yerlesim
alanina olan yerylizii seviyesi konsantrasyonlar1 saatlik ve giinliik maksimum seviyeleri
hesaplanarak sirasiyla Sekil 2. ve Sekil 3. de sunulmustur.

Isletmeden yerlesim alanma olan NHsz emisyonu dagilimi Sekil 2. de sunulmustur.
Isletmeye ait, saatlik NHs gazi emisyon dagilimlari incelendiginde; isletmeden en yakin
yerlesim alanina olan NH3 imisyon yiikii yaklasik 19 pg/m?® olarak tahmin edilmistir. Yine
dagilim sonuglarina gore, isletmeden salinan saatlik NH3 emisyonlarinin en yakin
yerlesim alanina olan etkisi ise 3 pg/m® den kiigiik oldugu tespit edilmistir (Sekil 2).
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Sekil 2. Saatlik NH3 emisyonu dagilimlari.
24



BAUN Fen Bil. Enst. Dergisi, 26(1), 19-28, (2024)

Yine ayni isletmeye ait, giinliik NH3 gazi emisyon dagilimlar1 incelendiginde; isletmeden
en yakin yerlesim alanina olan konsantrasyon imisyon etkisi yaklasik 4 pg/m® olarak
tahmin edilmistir. Isletmeden yerlesim alanma olan giinliik NHs dagilimi Sekil 3.’de
sunulmustur. Yine dagilim sonuglarina gore, isletmeden salinan giinlik NHs
emisyonlarinin en yakin yerlesim alanina olan etkisi ise 1 pg/m® den kiiciik oldugu tespit
edilmistir (Sekil 3).
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Sekil 3. Giinliik NH3 gaz1 dagilimlari.

Amerika Birlesik Devletleri'nde Mesleki Giivenlik ve Saglik Idaresi (OSHA), amonyak
gaz1 i¢in 8 saatlik zaman agirlikli ortalama (TWA) olarak, izin verilen maruz kalma sinir1
(PEL) 50 ppm veya bir baska ifadeyle 35 mg/m® (1 ppm=0.70 mg/m?) olarak belirlemistir
[23, 24]. ingiltere’de Is Sagilig1 ve Giivenligi Idaresi tarafindan ise maruz kalma limiti 35
ppm veya bir baska ifadeyle 25 mg/m® olarak belirtilmistir [25]. Ayrica, Avrupa
Birligi'nde, Avrupa Is Saglig1 ve Giivenligi Ajans1 (EU-OSHA), amonyak gazi igin 8
saatlik zaman agirlikli ortalama (TWA) olarak 20 ppm veya 14 pg/m? olarak belirtilmistir
[26].

Calismaya konu olan isletmeden, en yakin yerlesim alanina olan maksimum saatlik
dagilim degeri olan 19 ug/m?® ve ayrica maksimum giinliik dagilimi olan 4 pg/m® degeri
hem Amerikan ve hem de Avrupa yasal sinir degerlerinin oldukea altinda kaldig1 tespit
edilmistir. Dolayisiyla bu isletmeden saliman NHs emisyonu dagilimi gbz Oniine
alindiginda yerlesim alani i¢inde insan sagligini olumsuz etkileyecek bir etki tespit
edilmemistir.

Hayvancilik tesislerinden kaynaklanan NH3z emisyonlar1 civarda sadece tek bir isletme
g0z Oniline alindiginda insan saglig1 ve ¢evresel olarak sorun yaratmadigi diisiiniilebilir.
Ancak, s0z konusu isletmeden daha genis ve daha ¢ok sayida ticari hayvancilik ve siit
iretimi yapan isletmelerinin oldugu yerlerde hem insan sagligi hem de hava kalitesi
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ozellikle PM2s seviyeleri icin ilerisi i¢in daha kapsamli Ol¢iim ve modelleme
caligmalarinin yapilmasii gerektirmektedir.

AERMOD hava kalitesi dagilim modellerinin uygulama siirecinin sonunda elde edilen
bulgularin dogrulugu ve giivenilirligi; girdi verilerinin kalitesi ve modelleme siirecinde
yapilan varsayimlar gibi cesitli faktdrlere baghidir [27, 28]. Isletmelerden kaynaklanan
amonyak emisyonlarin1 azaltmak veya kontrol etmek i¢in uygulanabilecek bazi isletme
yonetimi uygulamalarina ihtiya¢ olabilir. Bu uygulamalardan ham protein igerigini
azaltan ve yem verimliligini artiran besleme stratejileri, hayvancilik faaliyetlerinden
kaynaklanan amonyak emisyonlarin1 dnemli dl¢iide azaltabilmektedir [28, 29], ayrica,
enzimler ve iyonoforlar gibi belirli besin takviyelerinin eklenmesi, yem verimliligini
artirabilir ve hayvancilik faaliyetlerinden kaynaklanan amonyak emisyonlarini
azaltabilmekte [29] ve yine kapali veya muhafazali giibre deposu kullanma, giibre
sacilmasi ve akmasinin dnlemesi ayrica tarim alanlarina uygun sekil ve zamanda giibre
uygulamasini igeren giibre yonetimi, isletmelerden kaynaklanan amonyak emisyonlarini
onemli Olciide azaltabilmektedir [28, 30].

Sonug olarak NHs emisyonlari, atmosferde insan saglig1 ve ¢evre iizerinde dnemli etkileri
olabilecek PM: 5 olusumunda ¢ok énemli bir rol oynamaktadir. Amonyak emisyonlarinin
azaltilmasi, hava kalitesinin iyilestirilmesine ve PMpys ile iliskili saglik etkilerinin
azaltilmasina yardimei olabilir. Amonyak ve PM2s arasindaki iliskiyi daha iyi anlamak
ve hayvancilik kaynakli, 6zellikle iilkemizde daha kii¢lik 6lgekli isletmelerin daha yogun
oldugu dikkate alindiginda, NH3 emisyonlar1 i¢in bir envanter alt yapisini hazirlanmak
onem arz etmektedir. Hazirlanacak envantere gore, NH3z emisyonlarini azaltmak icin
etkili stratejiler gelistirmek ve buna bagli olarak ileride daha fazla arastirmalarin
yapilmasi gerekmektedir.
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Abstract

The main objective of the study is to introduce branches of Sheffer stroke BCK-algebras
due their specific elements. At the onset of the study, an atom of a Sheffer stroke BCK-
algebra is defined and it is shown that the set of all atoms of the algebraic structure is its
subalgebra. Then it is proved that specified subsets defined by atoms of a Sheffer stroke
BCK-algebra are ideals but the inverses are not true in general. Moreover, a branch and
a chain on a Sheffer stroke BCK-algebra are introduced and some properties are
presented. Finally, relationships between aforementioned concepts are built and
supported by illustrative examples.

Keywords: Sheffer stroke, Sheffer stroke BCK-algebra, ideal, atom, branch.

BCK-cebirlerinin Sheffer stroke dallanmasi

Oz

Bu ¢calismanin temel amaci, belirli elemanlart yardimiyla Sheffer stroke BCK-cebirlerinin
dallarimi tanitmaktir. Calismanin baslangicinda, bir Sheffer stroke BCK-cebirinin bir
atomu tammlanarak bu cebirsel yapimin tiim atomlarimin kiimesinin bu yapuun bir
altcebiri oldugu gosterilmistir. Ardindan bir Sheffer stroke BCK-cebirinin bir atomu
yardimiyla tanimlanan o6zel altkiimelerinin bu cebirsel yapinin idealleri oldugu fakat bu
ifadenin tersinin genelde dogru olmadigi ispatlanmistir. Dahasi, bir Sheffer stroke BCK-
cebiri tizerinde bir dal ve zincir tammlanarak bazi ozellikleri sunulmustur. Son olarak,
bahsi gecen yapilar arasindaki baglantilar insa edilmistir ve bu baglantilar aciklayici
orneklerle desteklenmigtir.

Anahtar kelimeler: Sheffer stroke, Sheffer stroke BCK-cebiri, ideal, atom, dal.
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1. Introduction

In 1966, Imai and Iséki introduced the class of BCI-algebras in two ways. The first way
is about the set theory; especially, a generalization of set-theoretic difference. The second
way is about classical and non-classical propositional calculi. Then they defined the
concept of BCK-algebras as a proper subclass of these algebras in the same year [1].
Recently, the concept of BCK-algebra draws attentions of scientists studying on several
areas in mathematics such as group theory, functional analysis, probability theory, fuzzy
set theory, topology, etc. Although the literature consists of several studies on BCK-
algebras, importance seems to have been particularly attach to the ideal theory of BCK-
algebras. For more details, recent studies [2-10] can be suggested in literature.

On the other side, H. M. Sheffer introduced Sheffer stroke known as NAND gate in logic,
and is one of the two operators that can be used by itself to construct a logical formal
system without any other logical operators [11]. The other one is Pierce arrow, called
NOR gate in this field. Especially, Sheffer operator is utilised in computer science and
algebra. In the first, it is used to have the single chip forming processor in a computer and
to store and start up in flash memory disks. Therefore, there exist many patents about this
operator in this field. Since it is simpler and cheaper than to produce different diods for
each distinct Boolean operations, the usage of Sheffer stroke is more and more preferable.
In the second, this operator can be applied several logical algebras such as Boolean
algebras [12], ortholattices [13], orthoimplication algebras [14], branches and obstinate
SBE-filters of Sheffer stroke BE-algebras [15], Sheffer stroke BL-algebras and their
neutrosophic structures [16-17], fuzzy filters of Sheffer stroke Hilbert algebras [18] and
their fuzzy ideals with t-conorms [19], Sheffer stroke BCK-algebras [20] and their
neutrosophic N-ideals [21]. Thus, Sheffer stroke provides to reduce the number of axioms
in a system, and new and easily controllable axiom systems for many algebraic structures.
However, this operator has some disadvantages so that the lengths of axioms or formulas
with Sheffer stroke can be long, or the readability can be difficult.

The organization of the study is as follows: the next section presents essentials on BCK-
algebras equipped with Sheffer stroke. In the third section, the main results are provided,
and outcomes of the study are supported with illustrative examples. The results of the
manuscript are new and novel, therefore, contribute the ongoing theory of pure
mathematics regarding BCK-algebras and Sheffer stroke.

2. Preliminaries

In this section, fundamental concepts of BCK-algebras equipped by Sheffer operation are
presented. In an attempt to facilitate readability, a statement X|y defined by Sheffer
operation | is represented in the form X|y := Goyy, for any elements X and y.

Definition 1.1. [13] Let A = (3, So) be a groupoid. The operation So on 3 is said to be
a Sheffer stroke (Sheffer operation) if it satisfies the following:

(S1) GSoyzy = Soyy,
(S2) o)) = X,
(S3) Soz(yn 2y = SO(@m 2
(S4) Sox@nimmE@En o) = X
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forall X,y,Z € 3.

Lemma 1.2. [13] Let A = (3, So) be a groupoid. Then a binary relation < defined on 3
by

x < y (=4 60,@7 = 609@5 (1)
is an order on 3.

Definition 1.3. [20] A Sheffer stroke BCK-algebra is a structure (3, ©o, 0) of type (2, 0),
where 3 is a nonempty set and So is Sheffer stroke on 3 such that the following identities
are satisfied for all X, y,Z € 3:

(SBCK-1) SouymammmeEeamn@emaEomEem ey = 0o
(SBCK-2) Goxyymwyy = 0 and Sog ey = 0 1mMply X = y.
For short, the notion of Sheffer stroke BCK-algebra is written as ssBCK-algebra.

Lemma 1.4. [20] Let (3, So, 0) be a ssBCK-algebra. Then

(1) Sogrimy = %,

(2) Gogan) ey = 0,

(3) Soxammum@EEmEHN = Sooo;

(4) Go(0y(xx) = X,

(5) Soxy = Gy,

(6) Socx 0000y = %,

(7) So oy @y = 0,

(8) So(x((5(22)) G (T (FED) FEENN F(FEN)Ez2))) = SDoo,
(9) SoraamEEENMEH = Soo,

forall X,y,z € 3.
Lemma 1.5. [20] Let (3, o, 0) be a ssBCK-algebra. Then a relation < defined on 3 by

is a partial order on 3. With respect to this order, 0 is the least element of 3. Also,

Y < Goxyy) ©)
and
X < Zimplies So x5y xmy)) = SOEE) ) (4)

forall X,y,Z € 3.

A ssBCK-algebra is called bounded if it has the greatest element 1.
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Lemma 1.6. [20] Let (3, So, 0) be a ssBCK-algebra and < be an order on 3 as in Lemma
1.5. Then

(1) X < Zimplies o522y 5i(22)) S SO (3
(2) Soray) ez = B0 (EE) )
(3) Soxyn ey S £ S S0 @e:) SV

(4) Sozzyn @y < X

(5) X < Coyxx),

(6) X < So(zy) y):

(7) X < 57 implies 602(,@?) < GDZVOV,JV,),

forall X,y,Z € 3.
Unless otherwise specified, 3 denotes a ssBCK-algebra.

Definition 1.7. [21] Let B be a nonempty subset of a ssBCK-algebra 3. Then a structure
(B, ©p, 0) is called a subalgebra of 3 if So x5y xzy)) € B, forall X,y € B.

Definition 1.8. [21] A nonempty subset I of a ssBCK-algebra 3 is called an ideal of 3 if
it satisfies the following properties:

(11)0€l,
(|2) 60(55(5’,37))(55(373‘;)) € iand _')7 € i Imply X € i, for all %,y € 3

Theorem 1.9. [21] Let I be a subset of a ssBCK-algebra 3. Then I is an ideal of 3 if and
only if

(13) X,y € I implies (2|%)| (P9GS0 my) € 1,
(14) ¥ <yandy € I imply ¥ € I,

forall X,y € 3.

3. Branches

In this section, atoms, branches and chains of ssBCK-algebras are introduced, and
relationships between these concepts are investigated. Also, the concepts about branches
were defined in the reference [22]. Unless otherwise specified, ¥7: = S0 x3y)) ). Tor
all X and y in these algebraic structures.

Definition 3.1. An element ¢ of a ssBCK-algebra 3 is called an atom of 3 if X < & implies
X = 0 orx = ¢ The set of all atoms of 3 is denoted by §

Example 3.2. Consider a ssBCK-algebra 3 where the set 3 = {0,1, 2,3, 4,5, 6, 7} with

Hasse diagram in Fig. 1 and the Sheffer stroke So on 3 has the Cayley table in Table 1
[20].
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Figure 1. Hasse diagram of 3.

Table 1. Table of the Sheffer stroke Go on 3.

®
o

~N o oA WNPFP O
N N =)
N WA OO N O R
P ~N~NPRF P NNPRN
O R O R O R O R W
(S, IS, ISNNS ) [N LR = BN
O ~NDRERP O~NDM RO
U w ~N U P ~NWR o
N UToO Ul O R N |~

Then 0, 2, 3 and 4 are atoms of 3. Also, § ={0,2,3,4}.

Lemma 3.3. A nonzero element & of a ssBCK-algebra 3 is an atom of 3 if and only if a
subset {0, £} of 3 is an ideal of 3.

Proof. Let & be a nonzero atom of a ssBCK-algebra 3. It is obvious that 0 € {0, £}.
Suppose that y € {0,&} and ¥¥ € {0,&}. If y =0, then ¥ = X¥° = ¥ € {0,&} from
Lemma 1.4 (6). Assume that ¥V = 0. Then ¥ < ¥ from Lemma 1.5, and so, ¥ < 0 or ¥ <
€. Since ¢ is an atom of 3, it follows that X = 0 or X = ¢, and so, X € {0, £}. Thus, {0, £}
is an ideal of 3.

Conversely, let {0, £} be an ideal of 3, and ¥ < &, for any ¥ € 3. Since ¥* = 0 € {0, &}
from Lemma 1.5 and & € {0, £}, it is obtained from (12) that X € {0, £€}. Hence, X = 0 or
X = &. Therefore, £ is an atom of 3.

Lemma 3.4. Every ideal of a ssBCK-algebra 3 is a subalgebra of 3.

Proof. Let I be an ideal of a ssBCK-algebra 3, and ¥, 7 € I. Since ¥¥ < ¥ from Lemma
1.6 (4), it follows from (14) that ¥¥ € I. Then [ is a subalgebra of 3.

The following example illustrates that a subalgebra of a ssBCK-algebra is mostly not an
ideal.
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Example 3.5. Consider the ssBCK-algebra 3 in Example 3.2. Then {0,1,3,6} is a
subalgebra of 3 but it is not an ideal of 3 since 4 ¢ {0,1,3,6} when 4° = 0 € {0, 1, 3, 6}
and 6 € {0,1, 3,6}.

By the following lemma, we shows cases in which a subalgebra of a ssBCK-algebra is an
ideal.

Lemma 3.6. Every element of a ssBCK-algebra 3 is an atom of 3 if and only if every
subalgebra of 3 is an ideal of 3.

Proof. Let every element of a ssBCK-algebra 3 be an atom of 3, and B be a subalgebra
of 3. Then it follows from Lemma 1.4 (2) that 0 = ¥* € B, for all ¥ € B. Assume that
y,%Y € B, forany ¥,y € 3. Since ¥ < ¥ from Lemma 1.6 (4), it is obtained that ¥V =
Oorxy X.1f¥Y = 0, then ¥ < y from Lemma 1.5. Thus, ¥ = 0 or ¥ = ¥, and so, ¥ €
B. If XY = X, then X € B. Hence, B is an ideal of 3.

Conversely, let every subalgebra B of 3 be an ideal of 3 and & be an element of 3 such
that it is not an atom of 3. Then a subset {0, £} of 3 is not an ideal of 3 from Lemma 3.3,
and so, it is not a subalgebra of 3. Since £° = & € {0, £} and 0° = 0 € {0, &} from Lemma
1.4 (6) and (7), we have that {0, £} is a subalgebra of 3, which is a contradiction. Thus,
every element of 3 is an atom of 3.

Lemma 3.7. Let & and & be non-zero elements of a ssBCK-algebra 3 such that & + &.
If & and &, are atoms of 3, then &% = & and &, = &,.

Proof. Let & and &, be atoms of 3 such that & # 0 # 82 Then {0, &} and {0, &} are
ideals of 3 from Lemma 3.3. Since 5182 <& and & &< & from Lemma 1.6 (4), it
follows from (14) that &% € {0,&;} and & € {0,&}. If 2 =0 or & =0, i. e,
g s &or 82 < &, thenitis obtained that & = &, which is acontradlctlon Thus, & V‘SZ =
& and & = &,

The inverse of Lemma 3.7 does not generally hold.
Example 3.8. In Example 3.2, 5* = 5and 4°> = 4 but 5 ¢ § when 4 € §
Lemma 3.9. The set § of all atoms of a ssBCK-algebra 3 is a subalgebra of 3.

Proof. Let :?; be the set of all atoms of a ssBCK -algebra 3. Since 0 is the Ieast element of
3, we have that 0 € 3. Assume that £.5 € 3.1 & & = & thens2=0e3o0r5 €3
from Lemma 1.4 (2). If & # &, then & = & € 3 and &, 1= & € 3 from Lemma 3.7.

However, the set § of all atoms of a ssBCK-algebra 3 is generally not an ideal of 3.

Example 3.10. In Example 3.2, § = {0, 2, 3,4} is a subalgebra of 3 but it is not ideal of
33ince7€£§when 73 =4e§and3 e§.
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Lemma 3.11. For each atom & of a ssSBCK-algebra 3, asubset & = {X¥ € A: X < &} of 3
is an ideal of 3.

Proof. Let & be an atom of a ssBCK-algebra 3 and & = {X¥ € A: X < &} be a subset of 3.
Then & = {0, &}. Thus, & is an ideal of 3 by Lemma 3.3.

However, it is not necessary that & is not an atom of a ssSBCK-algebra when & is its ideal.

Example 3.12. Consider the ssBCK-algebra 3 in Example 3.2. Then 5 is not an atom of
3 when 5 = {0,2,3,5} is an ideal of 3.

Lemma 3.13. Let 3 be a ssBCK-algebra and < be a partial order on 3 as in Lemma 1.5.
Then X < y implies Goy; < Soygy, forall X, y,2 € 3.

Proof. Let ¥ < . Then ¥¥ = 0 from Lemma 1.5. Since

,Goyy ) (Soyy — 0 5)

[(Goyz) > = ([2%0]7

<L

from (S1), (S2) and (SBCK-1), it follows Lemma 1.5 that (Soy;)®% < ¥V =
is the least element of 3, (Soy 55)°%%2 = 0. Thus, Goyy < Gogy, forall X, y,Z € 3.

Lemma 3.14. Let 3 be a ssBCK-algebra and < be a partial order on 3 as in Lemma 1.5.
Then

(1) ¥¥ = 0 ifand only if Sozy = Gogy,
(2) ¥ < y ifand only if Goyy s Cogz,

forall X,y € 3.
Proof.

(1) Let ¥¥ = 0. Then ¥ < y from Lemma 1.5. Since Goyy = Goyz < Goygy and Gogy
S0 (coxp yEogr) = Gogy from (S1), (S2), Lemma 3.13 and Lemma 1.6 (5), it follows

that 60,@7 = 60,@?, for all 56/,5// € 3

Conversely, let So ﬁ, = Gozz, for any X,y €3. Thus, ¥V = (Goyy) ) =
(60 )(@ny)

(2x<y e 0=3" = (Coyy) ) & GSpyy < Goyy from Lemma 1.5, (S1) and (S2).

Theorem 3.15. For each atom & of a ssBCK-algebra 3, a subset 35 = {¥ € 3:¥% = ¥}
of 3 is an ideal of 3.

Proof. Let ¢ be an atom of a ssBCK-algebra 3, and 35 = {¥ € 3:¥% = ¥} be a subset of
3. Itis obvious from Lemma 1.4 (7) that 0 € 3. Assume that ¥ € 3 and ¥¥ € 3. Then
Cozx < Go( ) EOED) (Gog) o) = = Goaza from Lemma 1.6 (5), (S1) and (S2). Since

35



KATICANT.

) = @ =0 (6)

(

from Lemma 1.6 (2), (S1) and Lemma 1.4 (2), it is obtained from Lemma 1.5 that ¥¥" <

~

&. Since & is an atom of 3, it follows that ¥** = 0 or ¥¥" = &. Hence,

a < 6011 (7)

2) (&%) < Goyx (8)

from (S1), (S2), Lemma 1.4 (2), (7), Lemma 1.5 and Lemma 1.6 (2). So, ¥% = ¥ from
(S2) and Lemma 3.14. Therefore, X € 34, and so, 35 is an ideal of 3.

But, the inverse of Theorem 3.15 is usually not true.

Example 3. 16. Consider the ssBCK-algebra 3 in Example 3.2. Then 3¢ = {0, 3} is an
ideal of 3 but 6 is not an atom of 3.

Definition 3.17. Let 3 be a bounded ssBCK-algebra. Then a subset By = {X¥ € 3: & < X}
of 3 is called a branch of 3, where ¢ is an atom of 3. The element £ is called initial for
Bg. If there exists € # & such that By C By, then the branch By is called improper. Also,
the branch By is called proper if there is not & € 3 such that & < €. The set of all initial

elements of proper branches of 3 is denoted by j;) Obviously, j;) c §
Example 3.18. Consider the ssBCK-algebra 3 in Example 3.2. Then :O; = {0, 2, 3,4},

B,=3, B, ={1,2,5,6}, B; ={1,3,5,7} and B, = {1, 4, 6,7} shown in Fig. 2. Also,
the branches B,, B; and B, are improper but B, is proper. Clearly, IE = {0} is an ideal of

3
I .
0

1
4
e
5 6
2
1 1
. Q
4

Figure 2. Hasse diagrams of§, B,, B3 and B,, respectively.
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Lemma 3.19. Let 3 be a bounded ssBCK-algebra. Then B, = 3 and is a proper branch
of 3.

Proof. Let 3 be a bounded ssBCK-algebra. Since 0 is the least element of 3 and 0 € §
it follows that B, = 3, and so, it is a proper branch of 3.

Theorem 3.20. Let 3 be a bounded ssBCK-algebra. Then 1 € By, for all initials & of 3.

Proof. Let 3 be a bounded ssBCK-algebra. Since 1 is the greatest element of 3, it is
obtained that &€ < 1, for all initials € of 3. Then 1 € B, for all initials & of 3.

Corollary 3.21. Let 3 be a bounded ssBCK-algebra. Then 3 = U By, for all initials & of
3.

Theorem 3.22. Let 3 be a bounded ssBCK-algebra. Then 3 — By is an ideal of 3, for all
nonzero initials & of 3.

Proof. Let 3 be a bounded ssBCK-algebra. Since 0 is the least element of 3, it follows
that 0 € By, for all nonzero initials € of 3. Then 0 € 3 — By, for all nonzero initials & of
3. Assume that ¥, ¥Y € 3 — Bg. Since ¥, X7 & By, it is obtained that ¥ < & and ¥7 < &.
Since & is an atom of 3, we have that y = 0and ¥¥ = 0. Thus, ¥ = ¥ = %Y =0€ 3 —
Bg from Lemma 1.4 (6). Hence, 3 — By is an ideal of 3.

Theorem 3.23. Let 3 be a bounded ssBCK-algebra. Then 7\% IS a subalgebra of 3.

Proof. Let 3 be a bounded ssBCK-algebra and fg be defined as in Definition 3.17. Since
B, = 3 is a proper branch of 3 from Lemma 3.22, we have 0 € i\;) Assume that X,y €
f;). Since X and y are initials for proper branches By and By, respectively, it follows that
% and ¥ are atoms of 3. Since ¥¥ =¥ € f;) and y* =y € I?) from Lemma 3.7, it is
obtained that Ig IS a subalgebra of 3.

Definition 3.24. A nonempty subset € of a bounded ssBCK-algebra 3 is called a chain if
any two elements of € are comparable. A chain initiated by € is denoted by C;. If By =
G, then the branch By is called linear. If By has at least two incomparable elements of 3,
then it is called expanded.

Example 3.25. Consider the ssBCK-algebra 3 in Example 3.2. Then G} =
{0,1,2,5},62 = {0,1,3,5},63 = {0,1,3,6},6C% = {0,1,2,6},6 = {0,1, 4, 6} and
€S = {0, 1,4,7} are chains of 3, and 3 = €} U G2 U G3 U €} U €3 U CF. Also, A does
not contain a linear branch. In particular, the branches B,, B; and B, are expanded
branches of 3.

Example 3.26. Consider a ssBCK-algebra T where T = {0, &, b, 1} with Hasse diagram
in Fig. 3 and Sheffer stroke Go on T with the Cayley table in Table 2 [20]:
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Q)
Sy

Figure 3. Hasse diagram of .

Table 2. Table of the Sheffer stroke Go on <.

So 0 a b 1
0 1 1 1 1
a 1 b 1 b
b 1 1 a a
1 1 b a 0

Then B; = G4 and B; = G are linear branches of T. Also, ¥ = B, = €} U €% is an
expanded branch.

Remark 3.27. Every bounded ssBCK-algebra is an expanded branch by Lemma 3.19.

Theorem 3.28. Let 3 be a bounded ssBCK-algebra. Then Bz = U™, % , for initials & of
3.

Proof. Straightforward.

4. Conclusion

In this study, we introduce an atom, a branch and a chain of ssBCK-algebras and
investigate several properties. Then it is shown that a nonzero element & of a sSBCK-
algebra is an atom if and only if a subset {0, £} is an ideal, and that each element in a
ssBCK-algebra is an atom if and only if each subalgebra of the structure is its ideal. We

illustrate that &1 °2 = & and &°* = &, if & and &, are nonzero distinct atoms of a sSSBCK-
algebra; however, the inverse does not usually hold, and that the set of all atoms of a
ssBCK-algebra is its subalgebra. Also, we define specified sets & and 3, for an element
a in a ssBCK-algebra, and prove that these subsets are ideals if the element & is an atom
of this algebraic structure but the inverse is usually not true. After that improper and
proper branches of a bounded ssBCK-algebra are built by atoms, we state that every
branch contains the greatest element 1 of a bounded ssBCK-algebra. It is demonstrated
that the branch originated by the atom 0 of a bounded ssBCK-algebra equals to the algebra
itself, and that this algebra is a union of its branches. Moreover, we indicate that the
complements of branches of a bounded ssBCK-algebra are ideals, and that the set of all
initial elements of proper branches of a bounded ssBCK-algebra is the subalgebra but it
is not an ideal. At the end of the study, a chain, linear and expanded branches of a bounded
ssBCK-algebra are introduced and it is illustrated that every bounded ssBCK-algebra is
an expanded branch, and any branch is a union of chains initiated by an atom. Therefore,
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we have achieved our aim to propound similarities and differences among other algebraic
structures by studying on these specific subsets of ssBCK-algebras.
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Yonga levha endiistrisi atik sularinin kimyasal 6n
aritimi1 ve yanit yizey yontemi ile optimizasyonu
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Oz

Bu ¢alismada yonga levha atik suyunun koagiilasyon/flokiilasyon yontemiyle kimyasal on
aritilabilirligi incelenmigtir. Caliymada kullanilan parametreler ve seviyeleri Yanit Yiizey
Yontemi (YYY) kullanilarak tasarlanmis ve sonuglar optimize edilerek model denklemleri
tiiretilmigtir. Calisma kapsaminda; koagiilant olarak Flo30, flokiilant olarak ise anyonik
patates nisastast (APN, %1) kullaniimigtir. Bagimsiz degiskenler olarak; baslangic pH s
(5-8), Flo30 koagiilant dozu (6-12 ml/L), APN dozu (10-30 ml/L); bagiml degiskenler
olarak kimyasal oksijen ihtivaci (KOL %), askida kati madde (AKM, %) ve renk giderim
verimleri (%) secilmistir. Her bir bagimli degiskenin giderimini maksimum yapan sartlar
ayri ayri belirlenmis ve bu sartlarda dogrulama deneyleri yapilmigtir. Maksimum giderim
sartlarinda KOI AKM ve renk giderim verimleri sirasiwla; %56,83, %96,46, %83,2
olarak bulunmustur. Elde edilen modellerin R? degerleri ise swrasi ile 0,9501, 0,9666 ve
0,9377 olmustur. Yonga levha atik sularimin on aritiminda kimyasal aritimin etkili bir
metot oldugu belirlenmistir.

Anahtar kelimeler: Yonga levha atik suyu, koagiilasyon, flokiilasyon, optimizasyon.

Chemical pretreatment of particle board industry wastewater and
optimization by response surface method

Abstract

In this study, the chemical pre-treatment of particle board waste water by
coagulation/flocculation method was investigated. The parameters and levels used in the
study were designed using the Response Surface Method (RSM), and the model equations
were derived by optimizing the results. In the scope of the study; Flo30 was used as
coagulant and anionic potato starch (APN, 1%) was used as flocculant. As independent
variables; initial pH (5-8), Flo30 coagulant dose (6-12 ml/L), APN dose (10-30 ml/L);
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Ahmet GUNAY, agunay@ balikesir.edu.tr, https://orcid.org/0000-0001-9499-9932

41



SUZEN Y., GUNAY A.

Chemical oxygen demand (COD,%), total suspended solids (TSS,%) and color removal
efficiencies (%) were chosen as dependent variables. The conditions that maximize the
removal of each dependent variable were determined separately and validation
experiments were carried out under these conditions. Under maximum removal
conditions, the COD, TSS and color removal efficiencies were found 56.83%, 96.46%,
83.2%, respectively. The R? values of the models obtained were 0.9501, 0.9666 and
0.9377. It has been determined that chemical treatment is an effective method in the pre-
treatment of particleboard wastewater.

Keywords: Particleboard wastewater, coagulation, flocculation, optimization.

1. Giris

Yonga levha; otsu materyal ya da odun yongalarinin basing ve 1s1 altinda sentetik tutkalla
sikistirilmasi sonucu olusturulan kompozit bir malzemedir. Mobilya endiistrisi tarafindan
yogun bir sekilde kullanilir [1]. Yonga levha iiretiminde orman atiklari, yillik bitkiler,
tutkallar, suya ve boceklere dayanimi arttirmak icin kullanilan katki maddeleri
kullanilmaktadir [2]. Yonga levha atik sulari odun hammaddesinin kullanimindan 6tiirti
seliilozik igerik olarak kagit/kagit hamuru iiretimi atik sular1 ile benzerlik gostermektedir.

Uygun maliyetli, kullanim ve tasariminin kolay olmasi gibi avantajlart nedeniyle
koagiilasyon/flokiilasyon islemi kentsel ve endiistriyel atik sularin 6n veya birincil
arititlmasinda yaygin bir sekilde kullanilmaktadir [3]. Bu prosesin etkinligi;
koagiilant/flokiilantin ¢esidi ve dozu, pH, karistirma siiresi, karistirma hizi, sicaklik ve
dinlendirme siiresi gibi parametrelere bagli olarak degismektedir [4]. Demir kloriir, demir
stilfat, bakir siilfat, polialiminyum kloriir vb. gibi inorganik metal tuzlar1 atik sularin
aritilmasinda pihtilastirici olarak birgok arastirmada kullanilmistir [5]. Seliiloz igeren atik
sularin; kimyasal 6n aritim sonrasi yapilan ozonlama, elektrooksidasyon ve membran
aritim gibi ileri aritma prosesleriyle giderim verimlerini arttirdigi belirlenmistir [6].
Literatiirde farkli igerikteki atik sularin kimyasal aritimiyla ilgili ¢alismalar yer
almaktadir [7-10].

Yanit Yiizey Yontemi (YYY) siiregleri gelistirmek, iyilestirmek ve optimize etmek
amaciyla yanit ve bagimsiz degiskenler arasindaki iligkileri tek basina veya kombinasyon
halinde tanimlamak i¢in kullanilan istatistiksel ve matematiksel tekniklerin bir
birlesimidir [11]. Bu deneysel yontem, bagimsiz degiskenlerin etkilerini analiz etmenin
yani sira matematiksel bir model de tretir [12]. YYY prosesi ile sistemi etkileyen
parametreler arasinda etkilesim olup olmadigi, varsa hangi etkilesimin daha baskin
oldugu ya da prosesin hangi bagimsiz degiskene daha duyarli oldugunu
belirleyebilmektedir [13]. Yanit degerinin degisimini veren ikinci dereceden polinom
denklemi Denklem 1 de verilmistir [4,14].

K K i<j
szbo+zbixi+zbiixi2+i 20 XX +e @
i=1 i=1 i i

Burada sirastyla; Ym modellenecek yanit degiskenini; Bo, Bi , Bii ve Bij model katsayilarini,
Xi, Xj bagimsiz degiskenlerin kodlanmis degerlerini; ¢ ise hata terimini gostermektedir.
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Denklem 1°de gorildiigi lizere YYY nin matematiksel modelinde sirasiyla lineer
parametreler, karesel iliskiler ve ikili etkilesimler yer almaktadir. Son yirmi yildir YYY;
deneylerin tasarim, optimizasyon ve modellenmesinde, ¢ok degiskenli deneysel tasarim
metotlar1 arasinda biiytik ilgi gérmektedir [15]. Bir¢ok arastirmada; farkli kirleticilerin
elektrooksidasyon [16], fenton [12], fotofenton [17], adsorpsiyon [18] gibi farkli
proseslerle gideriminde optimizasyon metotlar1 uygulanmustir.

Endiistriyel tesislerde iiretim siirecinde kullanilan suyun geri kazanimi dogal kaynak
korunmas1 agisindan ¢ok Onemlidir. Cevreye verilecek zararlarin azaltilmasi, atik su
kalitesinin iyilestirilmesine baghdir [19]. Bu nedenle yiiksek hacimde yogun kirletici
iceren endiistriyel atik sularin geri kazanimi/yeniden kullanim alternatiflerinin
olusturulmasi ekonomik ve ¢evresel agidan son derece onemlidir.

Bu ¢alismada Flo30/APN kullanarak yonga levha atik suyunun kimyasal aritim yontemi
ile 6n arittmi arastirilmistir. KOI, AKM ve renk giderimi iizerine baslangi¢ pH’s,
koagiilant ve flokiilant dozu gibi parametrelerin etkisi incelenmistir. Flo30 koagiilant1
secimi ile literatiirde siklikla yer alan standart koagiilantlarin digina ¢ikilarak yeni bir
koagiilant etkinligi incelenmistir. Flokiilant olarak kullanilan anyonik patates nigastasi ise
cevreci, kullanimi kolay ve ucuz bir hammadde [7] olmasi nedeniyle tercih edilmistir.
Deneysel tasarimda YYY i¢inde yer alan merkezi kompozit tasarim (MKT) kullanilmus,
uzay dis1 seviyeleri de segilerek tasarim olusturulmustur. Tasarimda belirlenen deneylerin
sonuclar1 ile model sonuglar1 karsilastirilmis ve kontrol deneyleri gerceklestirilmistir.
Ayrica maksimum giderim sartlarindaki model denklemleri elde edilmis, olusturulan
ANOVA tablolar1 ile model {iizerinde etkili olan parametreler ve etki seviyeleri
incelenmistir.

2. Deneysel calismalar

2.1. Materyal

Bu calismada kullanilan yonga levha atik suyu, Manisa ilinde bulunan bir aga¢ isleme
tesisinin dengeleme havuzundan alinmigstir. Tesisten alinan yonga levha atik suyu
numunesinin kirlilik karakteristikleri belirlenmis ve elde edilen degerler Tablo 1°de
gosterilmistir. Yonga levha atik su numuneleri laboratuvarda 4°C’de muhafaza edilmistir.
Yonga levha atik suyunun pH’s1 0,01 M H2SO4 ve 0,01 M NaOH c¢ozeltileri kullanilarak
deney tasariminda belirlenen baslangi¢c pH degerlerine ayarlanmistir. Koagiilant olarak
Flo30 kimyasali, flokiilant olarak ise giinlilk taze hazirlanmis APN (%1°lik)
kullanilmistir.

Tablo 1. Atik su karakterizasyonu

Parametre Konsantrasyon
pH 7,35
Toplam Kimyasal Oksijen Ihtiyac1 (TKOI) (mg/L) 20650
Coziinmiis Kimyasal Oksijen Thtiyac1 (CKOI) (mg/L) 12600
Biyolojik Oksijen ihtiyac1 (BOI)(mg/L) 4509
Askida Kat1 Madde (AKM) (mg/L) 5800
Renk (Pt-Co) 8700
Bulaniklik (NTU) 3275
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2.2. Yontem

On deneme ¢alismalari ve literatiir arastirmalari neticesinde deney tasariminda yer alacak
bagimsiz degiskenler ve bunlarin seviyelerine karar verilmistir. YYY kullanilarak
deneysel tasarim yapilmis ve tasarimda belirlenen sartlarda deneyler gerceklestirilmistir.

Koagiilasyon/flokiilasyon deneyleri, klasik jar testi diizenegiyle (Velp Scientifica FC6S
marka) yapilmistir. Baslangic pH ayarlamasi yapilmis 500 mL’lik atik su numunelerine
deneysel tasarimda yer alan dozlarda Flo30 koagiilant1 ilave edilmis ve 5 dakika 120
rpm’de hizli karistirma yapilmigtir. Daha sonra yine tasarimda belirlenen dozda APN
(%]1°lik) ilave edilerek 20 dakika siireyle 30 rpm’de yavas karistirma islemi uygulanmis
ve numune 1 saat ¢okelmeye birakilmistir. Cokelme isleminin ardindan beherlerdeki duru
fazdan alman Orneklerde KOI, AKM ve renk analizleri Standart Metotlara gore
yapilmistir [20]. KOI, AKM ve renk giderim verimleri Denklem 2 kullanilarak
hesaplanmustir.

Co-Cs

Giderim-Verimi, (%) = x100 (2)

Denklemde; Co baslangi¢ kirletici konsantrasyonu (mg/L, Pt-Co), Cs deney sonunda
ortamda kalan kirletici konsantrasyondur (mg/L, Pt-Co).

2.3.Deneysel Tasarim
Deney tasariminda cikti parametreleri (KOI (Y1), AKM (Y2) ve renk (Y3)) YYY nin
MKT’1 kullanilarak ayr1 ayr1 optimize edilmistir. Bagimsiz degiskenler olarak; baslangic
pH (X1), Flo30 koagiilant dozu (X2) ve APN flokiilant dozu (X3) ve bunlarin ¢ farkli
seviyesi kullanilmigtir. Uzay dis1 noktalarinda yer aldig1 tasarim seviyeleri ve degerleri
Tablo 2’de verilmistir.

Tablo 2. Bagimsiz degiskenler ve seviyeleri

Degiskenler Birim Kod Seviyeler

-a -1 0 +1 +a
Baslangic pH - X1 3,5 5 6,5 8 9,5
Flo30 Dozu ml/L X2 3 6 9 12 15
APN Dozu ml/L X3 0 10 20 30 40

3. Sonugclar ve tartisma
Deneyler, YYY de yer alan MKT ile belirlenmis olan deney tasarim matrisinde ki sartlara

gore yapilmistir. Deney sartlar1, bu sartlarda gerceklestirilen deneylerde elde edilen KOI,
AKM ve renk giderim verimleri (%) ve model giderim verimleri Tablo 3’te verilmistir.
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Tablo 3. Deney tasarimi ve kimyasal aritim deney-model sonuglari

Parametreler

KOi KOi AKM AKM Renk Renk

Deney Baslangic Flo30 APN, Giderim  Giderim  Giderim  Giderim  Giderim  Giderim

No pH Dozu, ml/L Verimi,% Verimi,% Verimi,% Verimi,% Verimi,% Verimi,%
(X1) ml/L  (Xs) Deney Model Deney Model Deney Model

(X2)

1 5 6 10 36,49 30,83 92,91 86,29 79,01 72,99
2 8 6 10 4,08 4,33 46,38 45,74 43,70 43,05
3 5 12 10 42,06 40,09 94,71 96,78 81,68 78,38
4 8 12 10 13,47 16,24 89,69 89,78 71,62 74,07
5 5 30 36,32 32,58 88,47 85,32 76,10 70,75
6 8 30 10,14 11,14 64,52 59,44 44,90 45,29
7 5 12 30 44,82 43,60 93,54 91,13 78,63 76,38
8 8 12 30 20,13 24,81 95,23 98,79 73,45 76,56
9 35 20 49,25 55,05 93,65 97,21 76,97 83,97
10 9,5 20 14,58 9,75 64,81 64,32 58,30 54,20
11 6,5 3 20 1,93 5,51 36,74 42,95 34,33 38,68
12 6,5 15 20 31,06 28,45 95,94 92,79 76,79 75,34
13 6,5 9 0 14,17 15,98 83,13 84,18 68,38 70,68
14 6,5 9 40 27,16 26,31 90,21 92,22 70,35 70,94
15 6,5 9 20 30,91 31,28 88,82 89,79 71,27 71,82
16 6,5 9 20 32,94 31,28 90,14 89,79 71,36 71,82
17 6,5 9 20 31,08 31,28 89,07 89,79 71,05 71,82
18 6,5 9 20 30,77 31,28 88,07 89,79 70,70 71,82

Deneyler sonucunda; %KOI giderimi verimi 1,93 ile 44,82 arasinda degisirken, %AKM
giderimi verimi 36,74 ile 95,94 arasinda degismis, %Renk giderim verimi ise 34,33 ile
79,01 arasinda gergeklesmistir. Deneylerden elde edilen sonuglar ile modelin tahmin
ettigi sonuglar arasindaki iligkinin gosterildigi korelasyon grafikleri Sekil 1’de yer
almaktadir.

o0

=
e
=]

R2=0,9501
+

RE=0,9666 R2=0,9377
¢

g
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=

=

=

L
*
‘

(]

26KOIl Giderim Verimi {Model)

0 w0 0 40 0 6 3 40 50 60 0 8 %0 10 £ I 60 T 8 9
%KOl Giderim Verimi (Deney) %AKM Giderim Verimi (Deney) Y%Renk Giderim Verimi (Deney)

Sekil 1. Sirasiyla %KOI, %AKM ve %Renk giderim verimleri i¢in deney ve model
verilerinin korelasyon grafikleri
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Sekil 1’e gore deney sonuclari ve model sonuglari arasinda uyumlu bir iligki
goriilmektedir. Maksimum giderim sartlarinda ayri ayr1 optimize edilen modellerden elde
edilen R? ve R%gj degerleri Tablo 4’te yer almaktadir. R? degeri en az 0,80 olan
modellerin uyumlu [21]. Modellerin yiiksek R? degerleri hesaplanan ve elde edilen
sonuglar arasindaki uyumun iyi oldugunu belirtmektedir. Buna gére drnegin; %KOI
giderim modelinde yer alan degiskenler KOI giderim verimindeki degisimin %95,01 ini
karsilamaktadir. Kalan %4,99°luk degisim modelde yer almayan baska degiskenlerden
etkilenmektedir seklinde agiklanabilir. Diizeltilmis R? (R%g) ile tahmin edilen R2
arasindaki fark 2'den azdir. Bu sonug¢ ise, olusturulan ikinci dereceden modelin
tahminlerinin kabul edilebilir seviyede oldugunu géstermektedir [22].

Tablo 4. Model R? ve R%;j degerleri

Giderim (%) R? R?adj
KOi 0,9501 0,8941
AKM 0,9666 0,9290
Renk 0,9377 0,8676

%KOI giderim verimi, %AKM giderim verimi ve %Renk giderim verimi i¢in elde edilen
model denklemleri sirasiyla Denklem 3.4 ve 5’te verilmistir.

%KOI Giderim Verimi = 43,2-12,18*X1 + 7,81*X2 + 0,590*X3 + 0,124*X12 - 0,397*X2?
- 0,02533*X3% + 0,147*X1*X7 + 0,084*X1*X3 + 0,0147*X2*X3 (3)

%AKM Giderim Verimi = 1245 - 14,10*X; + 3,78*X, - 0,877*X3 - 1,003*X;° -
0,609*X>? - 0,00398*X3? + 1,864*X1*X> + 0,244*X1*X3 - 0,0391*X,*X3 4

%Renk Giderim Verimi = 122,8 - 15,33*X1 + 1,16*X; - 0,40* X3 - 0,304*X12 - 0,411 *X7?
- 0,0025*X3? + 1,425*X1*X; + 0,075*X1*X3 + 0,0021*X2*X3 (5)

YYY’nin mevcut optimizasyon yontemlerinden farki olarak anlik olarak degisen her
degerdeki kontrol edilemeyen degisken icin optimum sonucun kendisini siirekli
yenilemesi oldugu soOylenebilir [14]. Ayrica elde edilen matematiksel modeller
kullanilarak bagimli degiskenlerin belirlenen seviye araligindaki farkl sartlarda ¢iktinin
degisimine deney yapilmadan ulasilabilir. Bu amacla; dogrulama deneyi olarak ii¢ farkl
deney planlanmig, deney sartlari, bu sartlarda yapilan deney sonuglart ve giderim
denklemlerinde parametrelerin degerleri yerine konularak hesaplanan model sonuglar1 da
Tablo 5’te verilmistir.

Tablo 5. Dogrulama Deneyleri

Deney pH  Flo30 APN KOI KOI AKM AKM Renk Renk
No Dozu, Dozu, Giderim Giderim Giderim Giderim Giderim Giderim
ml/L ml/L Verimi, Verimi, Verimi, Verimi, Verimi, Verimi,

% Deney % Model % Deney % Model % Deney % Model
1 4 5 15 39,22 37,82 94,37 90,66 75,54 78,74

2 5,5 8 25 35,30 36,90 93,65 91,21 74,24 74,14
3 7 11 35 27,25 29,07 94,30 97,23 70,37 75,47
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Tablodan da goriilecegi lizere model sonuglarina yakin seviyede deney sonuglari elde
edilmistir. Modeldeki her faktoriin agirligi varyans analizi (ANOVA) kullanilarak
degerlendirilmistir. KOI, AKM ve renk gideriminin ayri ayr1 optimize edilmesi sonucu
olusturulan ikinci dereceden model denklemlerindeki anlamlilik katsayilarinin yer aldigi
ANOVA tablosu Tablo 6’da verilmistir.

Tablo 6. KOI, AKM ve Renk giderme yiizdesi i¢in ikinci dereceden modelin varyans
(ANOVA) analizi.

Kaynak KOI Giderimi (%) AKM Giderimi (%) Renk Giderimi (%0)

F-Degeri p-Degeri  F-Degeri p-Degeri  F-Degeri p-Degeri

Model 16,94 0,000* 25,72 0,000* 13,38 0,001*
Lineer 43,90 0,000* 55,70 0,000* 30,96 0,000*
X1 100,69 0,000* 49,77 0,000* 36,93 0,000*
X2 25,79 0,001* 114,35 0,000* 55,94 0,000*
X3 5,23 0,052 2,98 0,123 0,00 0,960
Kuadratik 6,63 0,015* 11,01 0,003* 4,47 0,040*
Xy 0,08 0,780 5,12 0,054 0,42 0,533
X2? 13,69 0,006* 30,17 0,001* 12,45 0,008*
X3? 6,87 0,031* 0,16 0,700 0,06 0,817

ki Faktor
Etkilesimli 0,29 0,829 10,45 0,004* 4,71 0,035*
X1* Xz 0,17 0,689 25,90 0,001* 13,69 0,006*
X1* X 0,63 0,450 4,95 0,057 0,42 0,535
Xo* X 0,08 0,789 0,51 0,497 0,00 0,972

*Xi-baglangi¢ pH, X»-Fl030 dozu (ml/L), X3-APN (ml/L) olmak iizere p<0,05 igin anlaml1.

Tablodaki degerler incelendiginde tiim giderim modellerinin ve modellerdeki lineer ve
kuadratik parametrelerin bilyiik ¢ogunlugunun anlamli oldugu gériilmektedir. Ozellikle
model, kareler ve iki faktor etkilesimli kisimlarinin anlamli (p<0,05) olmasi model
gecerliligini artirmaktadir [23]. ANOVA tablosuna gore KOI ve renk giderimi iizerinde
en ¢ok etkisi olan parametreler baslangic pH’s1 ve Flo30 dozudur (p=0,000). APN
dozunun giderim veriminde etkisi bulunmakla birlikte diger parametrelerdeki kadar
yiiksek anlamlilik seviyesinde degildir.

Bagimsiz degiskenlerin KOI, AKM ve renk giderimi {izerindeki etkilerini veren kontiir

grafikleri Sekil 2°de, ylizey grafikleri Sekil 3’te toplu olarak verilmistir. Her grafikte ayr1
ayr1 sabit tutulan degerler; APN dozu 20 ml/L, Flo30 dozu 9 ml/L, pH 6,5 tur.
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Sirasiyla; Sekil 2a ve 2a’ grafiklerinde %KOI giderim verimi iizerinde Flo30 dozu-
baslangi¢ pH etkisi ile APN dozu-baslangi¢ pH etkisi goriilmektedir. Bu etkilerin ylizey
grafikleri ise Sekil 3a ve 3a’ olarak verilmistir. Sekil 2b ve 2b’ grafiklerinde ise %AKM
giderim verimi tizerine FI030 dozu- baslangi¢ pH etkisi ile APN dozu-baslangi¢ pH etkisi
yer almaktadir. Sekil 3b ve 3b’de ise bu etkilerin ylizey grafikleri gosterilmistir. Sekil 2¢
ve 2¢’ grafiklerinde %Renk giderim verimi {izerine Flo30 dozu- baslangic pH etkisi ile
APN dozu-baslangi¢ pH etkisi bulunurken, bu etkilerin yiizey grafikleri Sekil 3¢ ve 3¢’
olarak verilmistir.

Baslangi¢ pH’sindaki artis KOI giderim verimini diisiiriirken, Flo30 ve APN dozundaki
artis KOI giderim verimini bir noktaya kadar arttirmustir. Eklenen koagiilant ve flokiilant
kimyasallar1 optimal dozdan fazla oldugunda partikiil uzaklastirma verimleri
diisebilmektedir. Ayrica ortamda reaksiyona girmeden kalan kimyasallar atik suda KOI
artistna da neden olabilmektedir. KOI’nin aksine baslangic pH’s1, Flo30 ve APN
dozundaki artis AKM ve renk giderim verimini arttirmistir. Pthtilasma ve flokiilasyon
stirecinde pH, hidroliz dengesini etkileyen ¢ok 6nemli bir faktordiir. Boylece cogunlukla
negatif yiikli olan kirletici katilar1 notralize eder, organik kirleticileri adsorbe ederler ve
sonug olarak giderim verimini artirirlar [24]. AKM giderimindeki temel mekanizma asili
parcaciklarin ¢okelebilir forma doniigsmesidir, flokiilant dozundaki artig taneciklerin
cokebilirligini arttirarak AKM giderim verimini de artirmaktadir. Bu dogrultuda renk
gideriminin de artmasi, asili partikiillerle birlikte renge neden olan bilesenlerin ¢okelerek
sudan ayrilmasi olarak aciklanabilir.

Tasarimin maksimize edilmesi ile maksimum giderim verimlerinin elde edildigi sartlar
tespit edilmistir. Buna gore;

e Baslangi¢ pH 3,5, koagiilant dozu 10,55 ml/L, APN dozu 20,6 ml/L sartlarinda;
model tarafindan %56,38 olarak verilen maksimum KOI giderim verimi tekrarli
deney sonucu %56,83+1,82 bulunmustur.

e Baslangi¢ pH 9,5, koagiilant dozu 15 ml/L, APN dozu 40 ml/L sartlar1 ise AKM
ve renk giderim verimlerinin maksimumunu veren sartlar olup, bu sartlarda
modelden aliman sonuglar %100 AKM giderim verimi, %87,21 renk giderim
verimidir.  Maksimum  noktadaki  tekrarli  deneyler sonucunda da
%96,46+1,45AKM giderimi ve %83,2+0,66 renk giderim verimi elde edilmistir.

Model verileri ile elde edilen deneysel datalarin yakinlig1 ve uyumu modelin gegerliligini
bir kez daha kanitlamistir.

4. Degerlendirme

Bu calismada; KOI ve AKM, renk igerigi oldukgca yiiksek gercek bir atik su olan yonga
levha endiistrisi atik suyunun kimyasal koagiilasyon/flokiilasyon prosesinde yeni bir
koagiilant olan Flo30 koagiilanti, dogal ve maliyeti diisiik bir flokiilant olan APN
kullanilarak giderimi ve optimizasyonu incelenmistir. Maksimum %56,83 KOI, %96,46
AKM ve %83,2 renk giderimi saglanmigtir.

Kimyasal 6n aritim isleminde farkli islem parametrelerinin etkilerini tanimlamak i¢in
YYY kullanilarak siirecin optimizasyonu gerceklestirilmistir. Bu yanitlar i¢in gelistirilen
giiven seviyesi yiiksek (R?>0,9) ikinci dereceden modeller, farkli sartlar altinda KOI,
AKM ve renk giderim verimlerinin tahmini i¢in kullanilabilmektedir. Kimyasal aritimin
yonga levha atik sularinin 6n aritiminda etkili ve kullanilabilir bir proses oldugu tespit
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edilmistir. On aritilmis yonga levha atik suyuna ileri aritim teknikleri uygulanarak atik
suyun geri kazanim performansinin arttirilabilecegi, boylece endiistrilerde su
verimliliginin saglanabilecegi diistiniilmektedir.
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Abstract

Suitability evaluation of a location for power generation plant installation requires long-
term measurements and calculations. Since the energy production values foreseen in the
project process of the solar power plant directly affect the return period of the project
cost, it is of great importance to make the calculations correctly. In this study, a model
and program were designed to find the closest estimation values. Energy production
values are estimated for 54 kWh solar power plant (SPP) in Balikesir using designed
model. It is important that the SPP consists of two groups with different angles, directions
and capacities in terms of comparing the accuracy of the calculation. The developed
model used the hourly meteorological data and catalog values to Energy production
calculations. The model allows making calculations for all the angles of the sun and the
characteristic data of the system. The developed program was compared with energy
production results of PVGIS (Photovoltaic Geographical Information System) programs.
As a result of analysis, it has been observed that more realistic and closer results were
produced by means of the designed program. The advantage of this program is that more
parameters of the photovoltaic (PV) system can be monitored compared to the other
programs.

Keywords: Solar energy, Matlab/Simulink, PVGIS, Sarah 2, prediction of SPP energy
generation.
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Yillik PV enerji tiretiminin tahmini i¢in sistem modeli ve
programin tasarimi: karsilastirmali bir ¢calisma

Oz

Bir yerin elektrik iiretim tesisi kurulumuna uygunlugunun degerlendirilmesi, uzun vadeli
olciimler ve hesaplamalar gerektirir. Giines enerjisi santralinin proje siirecinde
ongoriilen enerji tiretim degerleri, proje maliyetinin geri doniis siiresini dogrudan
etkiledigi icin hesaplamalarin dogru yapilmasi biiyiik 6nem arz etmektedir. Bu ¢alismada
en yakin tahmin degerlerini bulmak i¢in bir model ve program tasarlanmistir. Tasarlanan
model kullanilarak Balikesir ilindeki 54 kWh giines enerjisi santrali (GES) i¢in enerji
tiretim degerleri tahmin edilmistir. GES'in farkli agilara, yonlere ve kapasitelere sahip
iki gruptan olugsmasi hesaplamanin dogrulugunun karsilastirilmast agisindan énemlidir.
Gelistirilen model, saatlik meteorolojik verileri ve katalog degerlerini Enerji tiretimi
hesaplamalarinda kullanmistir. Model, giinesin tiim agilarimin ve sistemin karakteristik
verilerinin hesaplanmasina olanak saglar. Gelistirilen program PVGIS (Photovoltaic
Geographical Information System) programlarmmin enerji iiretim sonuglart ile
karsilastirilmigtir. Yapilan analizler sonucunda tasarlanan program sayesinde daha
gergekgi ve yakin sonuglar iiretildigi goriilmiistiir. Bu programin avantaji diger
programlara gére fotovoltaik (FV) sistemin daha fazla parametresinin izlenebilmesidir.

Anahtar kelimeler: Giines enerjisi, Matlab/Simulink, PVGIS, Sarah 2, GES enerji iiretim
tahmini

1. Introduction

Solar energy is a clean, safe, free, environmentally friendly and inexhaustible source of
energy. Solar photovoltaic technology is one of the most important renewable energy
generation sources. The efficiency of the PV system depends on climatic factors such
as solar radiation, ambient temperature and the condition of the solar modules, such as
age, soiling, etc.

In measuring the efficiency of photovoltaic solar energy systems, it is important in which
conditions the solar panel receives how much solar radiation and how much energy is
produced from the inverter output.

The most important input parameter affecting energy production is the irradiation to hit
the panel. Effective radiation is dependent on the latitude-longitude, tilt angle and
mounting direction, which vary according to the mounting location of the panel [1,2].

Meteorological data and radiation values of the point determined for the installation of
the system can be measured, as well as data can be obtained from institutions and
companies that measure with professional devices. However, theoretical radiation values
can be calculated for bright and cloudless sky conditions. Copper et al. [3] compared
mathematical models for estimating solar irradiance for Australia. After obtaining
meteorological radiation data, the effective irradiation coming to the surface can be
calculated. Shen et al. [4] studied on the program created with Simulink to interpolate
radiation data, calculated several quantities related to the position of the sun, and
estimated the solar radiation on surfaces with variable or fixed orientation. Tina et al.
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[5] compared PV plant performance models considering climate effects. Wind speed
affected the panel temperature and efficiency. Al-Ghussain et al. [6] investigate the
significant effects of ambient temperature, wind speed, dust accumulation, and cleaning
frequency for four different PV panel types in Jordan, Egypt, and Tunisia using precise
ground-based meteorological measurements.

For the specified coordinates, the radiation coming to the surface can be calculated by
taking into account the motion of the earth around the sun and the sun angle during the
day, the slope and direction angle of the mounted solar panel system. Karafil et al. [2]
examined the effects of panel inclination angle on energy production in Bilecik province.
Rustemli et al. [7] made a comparison of solar energy system with solar tracking system
and fixed mounting. Beyoglu [8] compared energy productions of fixed and 2-axis
tracking photovoltaic solar energy systems in Balikesir province. Aboot [9] studied on
the most important parameters such as solar angles and prepared a MATLAB code to
calculate these angles at any time and location. After that he analyzed the pattern of solar
angles and the solar path. Jazayeri et al. [10] studied a simulation model for calculating
the position of the sun in the sky and the angle of incidence angle of the sunlight beams
on the surface of solar panels with any tilt angle, located at any geographical location
on the Earth’s surface.

The efficiency and material specifications of solar energy systems directly affect the
amount of energy produced. Solar cells are the basic components to convert solar
radiation into electrical energy. The efficiency of the panels used in the system varies
according to the material used in the panel construction and technology, ambient
temperature and the age of the panel [5]. Humada et al. [11] presented a new approach
to the extraction of a single-diode five-parameter model and its performance evaluation.
Brano et al. [12] worked on an adaptive approach based on different topologies of
artificial neural networks for forecasting the power generating of photovoltaic modules.

Yildiran et al. [13] developed and simulated a photovoltaic cell single-diode detailed
model. They determined the model parameters based on datasheet values and analyzed
the model. Anand et al. [14], Vinod et al. [15] studied modelling and simulation of
photovoltaic module using Matlab/Simulink. Bouraiou et al. [16] studied the modeling
and simulation of photovoltaic modules and array based on a one- and two-diode model
using Matlab/Simulink software. Lidaighbi et al. [17] presents a new simple and accurate
hybrid method for estimating the five parameters of the single diode model based on the
remarkable points and the information from the PV data sheet. Vinod et al. [18] a single
diode equivalent circuit model is presented with the step-by-step detailed simulation of
a PV solar module under Matlab/Simulink environment.

For a specific location, if the mounting angle and direction, panel technical
characteristics and nominal power value are known, approximate values of the amount
of electrical energy to be produced can be calculated. Paid and free programs have been
developed to make these calculations more accurate and practical. Real meteorological
data are used in these programs for the desired location from various meteorology data
banks. Huld et al. [19] examined the effect of a different solar radiation data on
Photovoltaic Geographical Information System (PVGIS) program calculations. Beyoglu
et al. [20] compared different energy production estimation programs with the actual
energy production data of a solar power plant established in Balikesir province. Tian et
al. [21] worked on a detailed performance model for photovoltaic systems. Neamt et al.
[22] worked to provide the simplest way for estimating the energy production of a
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photovoltaic system anywhere on the earth. Abdelhayt [23] studied on a MATLAB
Simulink model that constructed a detailed representation of the PV solar system
connected with either to the local low voltage grid or to the national high voltage grid.
Mohanty et al. [24] compared the performance of different MPPT methods that are used
in a solar PV system and also advocates a new MPPT technique which offers better
performance than the existing ones. Parra et al. [25] reviewed the currently available
PV performance models with regard to accuracy and also compliance with datasheet
specifications and examined measurement conducted on PV arrays of four different
technologies at a PV plant.

In this study, a model was prepared to estimate the closest values to the output of real
systems. The energy production data of 54 kWh solar power plant installed in Balikesir
were used to compare the prepared model with different energy production forecast
programs.

In this program, the production calculation has been made using real meteorology data
taking into account the location of the system, mounting angle and catalog values.
PVGIS-Sarah 2 data was used as meteorological data. The results of program was
observed that the program gave more realistic and closer results according to the others.

Nomenclature

Voy Output voltage of PV B PV tilt angle
V. Open circuit voltage Zs Solar zenith angle
Iy Short circuit current as Solar azimuth angle (NO)
K, PV voltage temperature coefficient A PV azimuth angle
K; PV current temperature coefficient G Solar irradiance
Teeu Solar cell temperature Gy Beam irradiance
T.mp Ambient temperature Gy Diffuse irradiance
Vina  Speed of wind G, Reflection irradiance
7} Latitude GHI Global horizontal irradiation
0 Incidence of angle DHI  Diffuse horizontal irradiation
n Efficiency of invertor Ry Rfitlo of tilted/horizontal irr.
Vs Solar altitude angle Xsy  View factor of sky
) Declination angle Xgra  View factor of ground
w Solar hour angle Pp Albedo of the ground
Prax ~ Maximum power of PV b, 1AM coefficient
IAM  Incidence angle modifier

2. Energy production forecast program

Energy generation forecast program consists of solar position calculation, surface
irradiation calculation, PV system and inverter efficiency calculation modules. The block
diagram of the PV system model is given in Figure 1. The properties of the modules will
be explained in subsections. Designed program needs hourly meteorology data,
geographic coordinates with montage info of SPP and some system information for
calculation. Output of the program gives the position of the sun, the radiation coming to
the surface, the panel and inverter output energy production values hourly.
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Figure 1. Block diagram of the designed program modules
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The designed model uses single diode model with five parameters of PV cells as shown
in Figure 2 [18]. The model calculates the maximum power (Pmax) value for the ambient
temperature and radiation values. For this, it uses the V-l and P-V characteristic curves
of the panel and catalog values.
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Figure 2. PV panel single diode model
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The effective value of solar radiation on the panel changes with the angle of incidence.
The incident angle modifier (IAM) is defined as the ratio of light transmitted at the angle
of incidence to normal incidence. IAM was added to the model for obtaining more
accurate results. Inverter efficiency is given as a constant in datasheet, but actually the
efficiency decreases rapidly at low power values. Therefore, the inverter efficiency
module was added to the system to estimate more realistic results at low power values.
PV system model Simulink diagram is given in Figure 3.

Hour Angl isignall

Julian Day

LT Declinatio isignal2

Latitude

Sun Altitud, signal3

Longtitude

Azimuth Angl, signald
iMT
psr  Solar Angle of Incid signals
S s Panel Tilt Angel LST| isignalé
Pancl Azimut Angel [y, oo signal?
signal&
p—
Pin Pout| isignal®
| J c
+S Angle i Effective direct irrad N fici .
. T‘h:i;;m fective direct irrag Lanall Efficiency
Input Direkt irrad  Etkin difuzyon irrad signal2
Difuzyon irrad .
L JAkide  Totaleffective imadl | 12720 =
Panel Azimith Angle
Hour Angle 4
Pmax signal |
Vocw—=CD)
Vocw isignal2
Tamb _ Isew—CD
Isew
FF—+
FF
Tji—

T

Figure 3. The Simulink diagram of the designed program modules
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The model block diagram is shown in Figure 4.
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Figure 4. Model block diagram

2.1. Sun position and angle calculation module

For SPP coordinates, the effective value of the radiation coming to the surface can be
calculated by the sun angle, the slope and direction angle of the solar panel system. The
angles are shown in Figure 5.

Figure 5. PV panel directions and angles
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Solar and panel angles calculation module uses the angle of incidence with latitude,
longitude, date, time, sun azimuth and elevation angles, direction and tilt angle of the
panel to calculate solar angles. In addition to angle of incidence is also calculated, hour
angle, local solar time (LST) and day length. Simulink diagram for this module is shown
in Figure 6.

LlpgT Solar Angle of Incidence|

-»{Panel Tilt Angel LST

~+{Panel Azimut Angel 1,
y Length!- D

Figure 6. Solar and panel angles calculation module

Sun elevation angle (y;) is calculated using the latitude (¢) of the location, the declination
angle (&) and the solar hour angle (w). It is written as follows [10];

¥s = sin~! (sing sind + cos@ coss cosw) 1)

Sun azimuth angle («;) is calculated using the sun elevation angle (y,), the latitude () of

the location, the declination angle (3) at the daily and the solar hourly angle (w). It is
given in Eq.2 [10];

{as =180 — cos™ ! (cos a) if sinag <0 @)
as = 180 + cos™! (cos ay) if sinag >0

where,

cos ag = (sing sinys — sind)/cos@ cosys 3
sinag = cosag sinw/cosys 4)

Sun surface angle () is calculated using the panel slope (B), solar zenith angle (Z), solar
azimuth angle (a ) and panel azimuth angle (a,,). Itis given in Eq.5 [10].

0 = cos™ ! [cos B cosZg + sinf sinZ; cos (as — ap)] (5)

2.2. Surface active irradiation calculation module

The effective irradiance calculation module uses the parameters direct and diffusion solar
radiations coming to the earth and the angle of incidence on the surface.

The total radiation is equal to sum of the direct, diffusion and reflection radiation values.
Itis givenin Eq.6 [1].

G =Gy + Gg+ G, = (GHI — DHI)Ry + DHI Xgy,y + GHI ppy Xgrq (6)
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where Gy, Gg4, G, GHI, DHI, Xg,, X;.q, pp and R, are the beam irradiance, the diffuse
irradiance, the reflection irradiance, global horizontal irradiance, diffuse horizontal
irradiance, the view factor of panel to sky, the view factor of panel to ground, the albedo
of the ground, the ratio of tilted irradiance and horizontal irradiance, respectively.

The effective solar irradiance on the panel surface changes with the angle of incidence
and more realistic results. IAM was used to obtain more realistic results in the module as
given in EQ.7 [26]. IAM can be written as follows;

1 —
cos6

IAM =1—by ( 1) (7

Where 6 is the incidence angle of solar beam radiation on the PV surface, b, is a constant
of the IAM. Figure 7 shows the IAM changes with the incidence angle.

Sun IAM

Incidence : 5038
Angle

W N

PV Module

0 15 30 45 60 75 90
Angle of Incidence (°)

Figure 7. IAM correction factor Simulink diagram of the surface effective irradiance

calculation module is given in Figure 8.
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Figure 8. Surface effective irradiation calculation module
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2.3. PV system module

Photovoltaic panel’s specifications and characteristic curves are given in the datasheets.
These curves change at different ambient temperatures and irradiance values. The PV
system module is used to calculate the maximum power point correctly in all conditions.
The short circuit current, open circuit voltage, fill factor and maximum power point are
calculated as follows;

G
lgew = [Isc + Ki(Tamb - Tref)] ?ef (8)
Voew = Voc + Kv(Tamb - Tref) (9)
FF = (%) (20)
Brax = FF Voew Iscw (11)

The maximum power of the panel at standard test conditions (STC), K; current and K,
voltage coefficients are given in the datasheet. The short-circuit current and open-circuit
voltage values are calculated for different temperature and radiation values by using
current and voltage coefficients. They are given in Eq.8 and Eq.9 [14,27]. The fill factor
(FF) is a parameter determines the maximum power in conjunction with V. and I, at a
solar cell. FF is given in Eq.10 [27].

The maximum power point P, is calculated in Eq.11 by using FF, short-circuit current
and open-circuit voltage [27]. System datasheet information used in the SPP is given in
Section 4 as Table 2.

Solar panel cell temperature T,,; is calculated with ambient temperature T,,,;,, amount
of radiation ¢ and wind speed V,,;,4. The power value is inversely proportional to the
cell temperature. The wind speed increases the efficiency as it contributes to the cooling
of the panel. The correlation for calculating the cell temperature is given in Eq.12 [28].
Radiation and temperature variation graphics of the maximum power point are shown in
Figure 9. The cell temperature is calculated as follows:

Toor = 0.943 Tymp + 0.0195 G — 1.528 Vg + 0.3529 (12)
Pw) PV P w) P-v

20 2

100 100 e .

80 80 75°C

% 5

® w0

0 -

0 Voo , vV

0 s 10 5 © " 0 5 0 15 - 2

Figure 9. Variation of PV system Pmax value with radiation and temperature

Simulink diagram of the module to calculate the maximum power point is shown in
Figure 10.
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Figure 10. PV system Pmax calculation module

2.4. Inverter efficiency module

The inverters used in the PV system are designed to convert the DC energy produced by
the panels into AC energy with the high efficiency. The system follows the maximum
power point under all conditions. The fixed losses of the system are also important during
low irradiate and the efficiency of the system decreases rapidly. Figure 11 shows the
efficiency curve of the inverter used in the system and the efficiency curve is calculated
with the module shown in Figure 12. The efficiency of the inverter can be written as
follows:

_ Mnorm [ _0.0059
p = fnem (-0.016138¢ +0.9858) (13)
where,

— Poc
§=2 (14)
Ppco = Faco (15)

Inverter efficiency is calculated by considering the input power at the optimum operating
conditions and the input instantaneous power. They are given Eq.13, Eq.14 and Eq.15
[29].

Inverter efficiency

100 %} ; 100
9 90
- 720V | %0
] — ERL
= o,
uld 20v | = fg
a3 ,[ Moy =978 I [ io
- Mg 97.6 | 10
a9 e =975 — 0
an 0 2 5 7 10 12 15 17 20 22

o 5000 10000 15000 0000 35000 30000 35000 40000 AS000  SROOD
P

e Power (kW)
Figure 11. The inverter efficiency curves of the catalog and module

The module that calculates the inverter efficiency and system losses is shown in Figure
12.
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Figure 12. Inverter and system efficiency calculation module

3. Meteorological data

The meteorological data for the calculations can be measured or obtained from
institutions and companies that measure with professional devices.

The irradiation, ambient temperature and wind speed data are used panel energy
production calculations. Hourly average solar radiation, temperature and wind speed data
are obtained from the SARAH 2 database. Monthly total irradiation and the irradiation
peak values given in Table 1.

Table 1. Meteorological data sample (Total value)

PVGIS-SARAH 2 TOTAL VALUE PEAK VALUE
MONTHLY (DE;EEL\ZAT) DIFFUSE (DBIE’EL\:"T) DIFFUSE
TOTAL IRRADIANCE IRRADIANCE
IRRADIANCE IRRADIANCE Wim?) IRRADIANCE (U %,
(W/m?) (W/m?) *
JANUARY 43.311 27.361 822 570
FEBRUARY 76.105 41.158 869 321
MARCH 93.894 57.087 948 471
APRIL 178.104 76.351 892 444
MAY 160.921 84.433 927 477
JUNE 211.293 77.477 934 475
JULY 238.461 81.950 923 469
AUGUST 169.645 78.963 885 430
SEPTEMBER 154.416 65.078 890 410
OCTOBER 120.697 49.501 903 332
NOVEMBER 95.291 39.834 863 274
DECEMBER 73.766 31.207 817 250
TOTAL 1.615.903 710.399 948 570

2016, 2017, 2018, 2019,2020 data of SARAH 2 was used in the program for calculations.
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4. Program data

The energy production of a SPP established in Balikesir Province was compared with
different energy production forecast programs. The SPP is located in Balikesir (39.6N
27.9E) and consists of two groups. The each group has 108 polycrystalline panels and
one inverter. As shown in Figure 13, it is directed at 59° (Group 1) and 239° (Group 2)
symmetrical angles and mounted on 17° angled roof.

. South

v

Figure 13. Roof view of the real system

The real SPP system catalog information is given in Table 2.

Table 2. System catalog information

SYSTEM INFORMATION

PV DATASHEET INVERTER DATASHEET
Model BYD 250P6-30 Model POWADOR 33.0 TL3
Voc 38V Operation Voltage 200 V-950 V DC
Vmp 30,40 V Max Input Current  3X34 A
Isc 8,98 A Efficiency 98%

Imp 8,22 A
Pmax 250 W

Efficiency 15,37%
The inverter used in the system is a 3 MPPT, IGBT switched, self-changing

transformerless on-grid inverter.

Circuit diagram of a system with two inverters is shown in Figure 14.
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PV generator PV generator
[
— e, —
— Inverter with — Inverter with
DC isolator switch DC isolator switch
Ao s
—_ e
|j Line protection D Line protection
Load 1
Reference KWh KWh Feed-in meter
counter
Main switch .-} f Selective main switch
o—F—7—

Grid connection point

Figure 14. Circuit diagram of a system with two inverters

4.1 PVGIS Program Calculation
PVGIS program is a free solar energy calculation program prepared by the European
Commission. The program is accessible at https://re.jrc.ec.europa.eu/pvg_tools/en/. The
PVGIS program calculates the produced energy by using the system installed power,
panel technology, location, total system losses, mounting type, angle of the panel and
meteorology data for the location.

The real SPP energy production is calculated with PVGIS program and 2016-2020 period
monthly energy production is given in Table 3.

4.2 Program Calculation

The characteristic parameters of photovoltaic panels are given in the datasheets with
numerical values and curves. These curves changes with ambient temperature and
radiation values. The PV system program calculates the operating curves of the panel in
the datasheet and determines the maximum power point correctly in all conditions.

The real SPP energy production values were compared with results of developed
program, the PVGIS program. The comparison results are given in Table 3.
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Table 3. Comparison of the designed program and PVGIS Results

2016 GROUP 1 (59°) GROUP 2 (239°)
REAL REAL
SPP SPP MODEL % PVGIS % SPP MODEL % PVGIS %
[KWh]  [KWh] [KWh] [KWh]  [KWh] [KWh]
JANUARY 564 731 29% 796 41% 922 1.236 34% 1.208 31%
FEBRUARY 1.144 1138 -1% 1.257 10% 1.799 1.769 -2% 1.762 -2%
MARCH 2.216 2.202 -1% 2293 3% 2.725 2.827 4% 2.653 -3%
APRIL 3.230 3.217 0% 3.410 6% 3.872 3901 1% 3.841 -1%
MAY 3.568 3.369 -6% 3.580 0% 3.907 3.871 -1% 3.820 -2%
JUNE 4147 3.884 -6% 4184 1% 4.327 4314 0% 4335 0%
JULY 4.380 4,126 -6% 4483 2% 4,785 4,695 -2% 4848 1%
AUGUST 3.216 3.236 1% 3.604 12% 3.806 3.976 4% 4,187 10%
SEPTEMBER 2.308 2.583 12% 2.800 21% 2.934 3.315 13% 3.381 15%
OCTOBER 1.749 1696 -3% 1.828 5% 2.592 2.456 -5% 2514 -3%
NOVEMBER 963 995 3% 1.110 15% 1.681 1.723 3% 1.806 7%
DECEMBER 688 913 33% 907 32% 1.228 1.538 25% 1.474 20%
TOTAL 28.176 28.090 0% 30.253 7% 34.577 35.623 3% 35.829 4%

2017 GROUP 1 (59°) GROUP 2 (239°)

e PRSP MODEL PGS, Rowo MODEL ,, PO
JANUARY 650 663 2% 833 28% 1.000 1.061 6% 1.182 18%
FEBRUARY 1.027 1.129 10% 1.185 15% 1.481 1.778 20% 1560 5%
MARCH 1.883 1.980 5% 2.060 9% 2.508 2533 1% 2535 1%
APRIL 3.004 3.208 7% 2992 0% 3.513 3.960 13% 3.325 -5%
MAY 3.357 3.453 3% 3.455 3% 3.681 3.975 8% 3726 1%
JUNE 3.786 3.832 1% 3.861 2% 4,042 4326 7% 4.027 0%
JULY 4.086 4.049 -1% 4272 5% 4.419 4686 6% 4546 3%
AUGUST 3.213 2.950 -8% 3.596 12% 3.791 3.694 -3% 4123 9%
SEPTEMBER 2.564 2510 -2% 2.850 11% 3.291 3.245 -1% 3.383 3%
OCTOBER 1.750 1731 -1% 2.007 15% 2.575 2.483 -4% 2.694 5%
NOVEMBER 976 1.157 19% 1.190 22% 1.605 1.866 16% 1.834 14%
DECEMBER 656 856 30% 802 22% 1.056 1.435 36% 1.163 10%
TOTAL 26.954 27517 2% 29.104 8% 32.962 35.042 6% 34.099 3%

2018 GROUP 1 (59°) GROUP 2 (239°)

REAL REAL

SPP SPP MODEL % PVGIS % SPP MODEL % PVGIS %

[KWh] [kWh] [KWh] [kKWh] [kKWh] [KWh]
JANUARY 790 663 -16% 958 21% 1.306 1.061 -19% 1471 13%
FEBRUARY 867 1.129 30% 981 13% 1.103 1.778 61% 1.160 5%
MARCH 1.890 1.980 5% 2.067 9% 2.509 2.533 1% 2.609 4%
APRIL 2.920 3.208 10% 3.269 12% 3.525 3.960 12% 3.821 8%
MAY 2.965 3.453 16% 3.286 11% 3.276 3.975 21% 3.549 8%
JUNE 3.647 3.832 5% 3.923 8% 3.708 4326 17% 3.919 6%
JULY 3.743 4,049 8% 4149 11% 4.024 4686 16% 4398 9%
AUGUST 3.390 2.950 -13% 3.846 13% 3.959 3.694 -7% 4323 9%
SEPTEMBER 2.365 2.510 6% 2.685 14% 3.001 3.245 8% 3.200 7%
OCTOBER 1.548 1.731 12% 1.876 21% 2.261 2.483 10% 2.519 11%
NOVEMBER 759 1.157 52% 981 29% 1.281 1.866 46% 1.560 22%
DECEMBER 547 856 57% 754 38% 878 1.435 63% 1.152 31%
TOTAL 25.432 27517 8% 28.777 13% 30.830 35.042 14% 33.681 9%
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2019 GROUP 1 (59°) GROUP 2 (239°)
REAL REAL
SPP SPP  MODEL % PVGIS % SPP  MODEL % PVGIS %
[KWh]  [KWh] [KWh] [KWh]  [KWh] [KWh]
JANUARY 611 663 8% 776 2% 840 1061 26% 968 15%
FEBRUARY 992 1129 14% 1195 20% 1563 1778 14% 1752 12%
MARCH 2337 1980 -15%  2.690 15% 3108 2533 -19% 3341 7%
APRIL 2554 3208 26%  2.878 13% 2983 3960 33% 3258 9%
MAY 3.465 3453 0% 3735 8% 3621 3975 10%  3.868 7%
JUNE 3827 3832 0% 4123 8% 3941 4326 10% 4311 9%
JULY 3935 4049 3% 4275 9% 4129 4686 13% 4504 9%
AUGUST 3475 2950 -15%  3.879 12% 4001  3.694 -8% 4367 9%
SEPTEMBER 2424 2510 4% 2911 20% 3182 3245 2% 3454 9%
OCTOBER 1386 1731 25% 1722 24% 2163 2483 15% 2552 18%
NOVEMBER 852 1157 36% 1075 26% 1411 1866 32% 1663 18%
DECEMBER 556 856  54% 786 41% 940 1435 53%  1.227 31%
TOTAL 26415 27517 4%  30.046 14% 31.882 35042 10% 35265 11%
2020 GROUP 1 (59°) GROUP 2 (239°)
REAL REAL
SPP SPP  MODEL % PVGIS % SPP  MODEL % PVGIS %
[KWh]  [KWh] [KWh] [KWh]  [KWh] [KWh]
JANUARY 683 663 -3% 950 39% 1208 1061 -12% 1558 29%
FEBRUARY 1128 1129 0% 1428 27% 1695 1778 5% 1917 13%
MARCH 1794 1980 10%  2.087 16% 2304 2533 10% 2541 10%
APRIL 2640 3208 22%  3.038 15% 3123 3.960 27%  3.448 10%
MAY 3245 3453 6%  3.687 14% 3565  3.975 12%  3.980 12%
JUNE 3337 3832 15%  3.898 17% 3316 4326 30%  3.932 19%
JULY 3.856  4.049 5%  4.425 15% 4099 4686 14% 4721 15%
AUGUST 3.055 2950 -3%  3.854 26% 3634  3.694 2% 4336 19%
SEPTEMBER 1930 2510 30% 2737 42% 2664 3245 22%  3.286 23%
OCTOBER 1440 1731 20%  1.874 30% 2184 2483 14% 2489 14%
NOVEMBER 902 1157 28%  1.186 32% 1680  1.866 11% 2012 20%
DECEMBER 540 856 58% 791 46% 861 1435 67%  1.239 44%
TOTAL 24551 27517 12%  29.955 22% 30333 35.042 16% 35458 17%

Average energy production of the SPP in 2016, 2017, 2018, 2019, 2020 are compared
with the designed program and PVGIS program results as shown in Table 3. In the
calculations, PVGIS-SARAH 2 meteorology data in 2016, 2017, 2018, 2019, 2020 are
used for the designed program and PVGIS program. The designed program calculates
the total energy production of both groups for 2016-2020 years with a 1,5% difference.
The PVGIS program calculates the total energy production of both groups with a 5,3%
difference. As a result of the comparison, the designed program gave more realistic
results than the PVVGIS program when using the same meteorology data.

The results calculated by the designed program are closer to real SPP energy production
than the PVGIS program. When the calculation results are compared with groups at
different directions, this program gives more correct results for angular differences. Each
program calculation result is compared with using SARAH 2 meteorology data. In this
way, the designed program results can be compared with the PVGIS program results at
the same conditions, as shown in Table 4.
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Table 4. General comparison table

INDEX INFORMATION GROUP1 (59°) GROUP2 (239°) TOTAL RATE

(KWh) (KWh) (KWh) (%)
A PROJECT ENERGY CALC. 32,59 36.618 69.214 18%
2016 PRODUCTION 28.176 34577 62.752 -
2016 MODEL RESULT 28.090 35.623 63.713 2%
2016 PVGIS RESULT 30.253 35.829 66.082 5%
2017 PRODUCTION 26.954 32.962 59.916 -
2017 MODEL RESULT 27.031 34.229 61.260 2%
2017 PVGIS RESULT 29.104 34.099 63.203 5%
2018 PRODUCTION 25.432 30.830 56.262 -
B 2018 MODEL RESULT 26.266 33.585 59.851 6%
2018 PVGIS RESULT 28.777 33.681 62.458 11%
2019 PRODUCTION 26.415 31.882 58.297 -
2019 MODEL RESULT 27.724 35.212 62.936 8%
2019 PVGIS RESULT 30.046 35.265 65.311 12%
2020 PRODUCTION 24,551 30.333 54,884 -
2020 MODEL RESULT 27.792 35.416 63.208 15%
2020 PVGIS RESULT 29.954 35.458 65.412 19%
2016-2020 PRODUCTION 131527 160.585 292.112 -
C  2016-2020 MODEL RESULT 136.903 174.065 310.968 6%
2016-2020 PVGIS RESULT 148.134 174.332 322466  10%
2016-2020 REEL 26.305 32.117 58.422 -

PRODUCTION AVERAGE

2016-2020 MODEL o
D PRODUCTION AVERAGE 27.381 34.813 62.194 6%

2016-2020 PVGIS

PRODUCTION AVERAGE 29.627 34.866 64.493 10%

As indicated in row A of Table 4, the SPP project plan is the predicted energy production
32596 kWh for Group 1, 36618 kWh for Group 2 and 69214 kWh in total. When the
five-year average energy production of the system is compared with the project plan, it
was seen that 18% more energy production is expected in the project.

In the B row of Table 4, yearly SPP energy productions are compared with the energy
production estimations of the designed program and PVGIS program results. PVGIS
SARAH 2 meteorological data of 2016, 2017, 2018, 2019, 2020 years are used in the
designed program. The results obtained are compared with real SPP energy production
and it has been observed that maximum annual deviation is 15%. The maximum annual
deviation for the result of the PVGIS calculation is 19%.
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In the C row of Table 4, the designed program, PVGIS program and real SPP total energy
productions are compared with data of 2016, 2017, 2018, 2019, 2020 years. The SPP
produced 292112 kWh of energy in five years. The program calculated the energy
production as 310968 kWh. As a result, it has been shown that there is a 6 % deviation
the in the program results in total of five years. On the other hands, PVGIS program
calculated total energy production 322466 an %210 upper from the real system generation.

In the D row of Table 4, the annual average energy productions of real SPP, designed
model and PVGIS are compared for the years between 2016 and 2020. The average
results of designed model are compared with real SPP energy production and it has been
observed that maximum annual average deviation is 6%. The maximum annual average
deviation for the result of the PVGIS calculation is 10%. The comparison graph of
produced and estimated energy is shown in Figure 15.

COMPARISON GRAPH
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4.000 /

= /) /\ N /\ A _.
e |\ | /
v/ \J \

500
0
Jan-16 Jan-17 Jan-18 Jan-19 Jan-20

Energy (kWh)

Figure 15. Comparison of the programs results

Program input parameters of the calculation programs are similar but there are some
differences in the result parameters. The main inputs in the programs include system
panel maximum power, coordinate information, meteorology data, mounting direction
and angle, panel type and loss rate. Additionally, the designed program uses system
characteristic parameters in the datasheet. As a result of the calculation, the system's
monthly and annual total energy production forecast can be obtained by using this
program. Table 5 shows the output parameters produced by the programs. As seen in
table, the designed program output gives more parameters of the panel and system than
the others.

Table 5. Result parameter comparison table

PARAMETER PVGIS PROGRAM
Beam Irradiance (W/m?) X
Diffuse Irradiance (W/m?)
Reflected Irradiance (W/m?)
Ambient Temperature (C)

Wind Speed (m/s)

Plane of Array Irradiance (W/m?)
Cell Temperature (C)

DC Array Output (W)

AC System Output (W) X

X X X X
x

X X X X X X X X
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Solar Altitude Angle (°) X
Declination Angle (°)

Azimuth Angle (°)

Hour Angle

AOI Angle of Incidence (°)

Day Lenght (hour)

LST Local Solar Time (hour)

PV Maximum Power (W)

PV Open Circuit Voltage (V)

PV Short Circuit Current (A)

X X X X X X X X X X

5. Conclusion

In this study, a model and program are designed for more realistic SPP energy production
calculations. This program is used to calculate the amount of energy production to be
produced by using the position and mounting angles of PV, the characteristic values of
the PV panels and inverters parameters in the datasheets.

The calculation results of designed program are desired to be closest to the real energy
production and to minimize the errors. In addition to, more realistic results tried to be
obtained on different operating conditions. In the monthly comparisons, closer results to
SPP energy production is obtained by means of designed program than the other program.

When the energy production of the SPP is examined, Group 2 produces 22% more energy
than Group 1. According to the results of the designed program, it estimates 27% more
energy production. On the other hand PVGIS calculated 17% difference. The results are
close to each other.

The designed program calculates 15% more energy production yearly if the panel groups
are directed the south with 30° tilt angle. These results show remarkable effect of panel
setup on energy production.

There are 2-15% differences between the designed program calculation results and the
real SPP energy production. PVGIS-SARAH 2 meteorology data are used in this
program. As a result of the calculations, more sensitive and realistic results for this
program are obtained than other program.

Unlike other programs that use average value and proportional approaches in calculations,
the designed program uses panel and inverter catalog values. In this way, it provides the
opportunity to make calculations for the existing products or prototype by entering the
datasheet values manually. There are many products with the same power value on the
market, but their quality and technology, efficiency and characteristic curves are different
from each other. The designed program provides the opportunity to make realistic
calculations for different products.
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Abstract

In this study, random ordinary differential equations obtained by randomly choosing the
coefficients or initial conditions of the ordinary differential equations will be analyzed by
the Adomian Decomposition Method. The initial conditions or coefficients of the
equations will be converted to random variables with normal and exponential
distribution. Probability characteristics such as expected value, variance and confidence
interval of the obtained random ordinary differential equations will be calculated.
Obtained results will be drawn with the help of MATLAB (2013a) package program and
random results will be interpreted.

Keywords: Adomian decomposition method, fractional derivative, nonlinear ordinary
differantial equation

Kesir mertebeden rastgele adi diferansiyel
denklemlerin Adomian Ayristirma Y ontemi ile
analizi

Oz

Bu ¢alismada, adi diferansiyel denklemlerin katsayilarinin veya baslangi¢ kosullarinin
rasgele secilmesiyle elde edilen rasgele adi diferansiyel denklemler, Adomian Ayristirma
Yontemi ile analiz edilecektir. Denklemlerin baslangi¢ kosullari veya katsayilari, normal
ve tistel dagilima sahip rasgele degiskenlere doniistiiriilecektir. Elde edilen rastgele adi
diferansiyel denklemlerin beklenen degeri, varyansi ve giiven araligi gibi olasilik
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ozellikleri hesaplanacaktir. Elde edilen sonuglar MATLAB (2013a) paket programi
yvardimiyla ¢izilecek ve rastgele sonucglar yorumlanacaktir.

Anahtar Kelimeler: Adomian ayristirma yontemi, kesirli tiirev, lineer olmayan adi
diferansiyel denklem

1. Introduction

Application of nonlinear differential equations in physics, engineering etc. It has many
applications in fields. Such equations often do not have analytical solutions. Many
problems, such as physics and engineering, can be modeled mathematically. Since these
models are expressed with the help of nonlinear differential equations, there are methods
developed in the literature to obtain approximate analytical solutions of these equations.
One of these methods is the Adomian Decomposition Method.

ADM was first introduced by Adomian in the early 1980s. Adomian applied this method
to find approximate solutions of deterministic, linear and nonlinear problems with
boundary and initial conditions. The method is constructed by decomposing nonlinear

Ny terms. Ny:ZAnis defined as. Here, A, are Adomian polynomials. Each
n=0
A,, depends on the arguments vy, ¥4, V5, ..., ¥, for n > 0. The formulas to obtain these
polynomials were developed by Adomian [1-4]. In recent years, more and more
researchers have applied this method to solving nonlinear systems [5-22]. We firstly
study the algorithm and convergence analysis of ADM, and then apply ADM to
constructing approximate solutions for nonlinear equations with initial data, including
algebraic equations, fractional ordinary differential equations and fractional partial
differential equations.

In recent years [27-33], many studies have been carried out on random differential
equations, random partial differential equations and random integral equations. The
deterministic model assumes that the parameters are fixed quantities, while the disease
dynamics represented by the parameters may be random in nature. Therefore, we will
use a random system of differential equations to represent this randomness. In our study,
we transformed the parameters of the deterministic model into random variables to
analyze the coefficients or initial conditions random transmission dynamics. The
deterministic model assumes that the parameters are constant quantities, while the disease
dynamics represented by the parameters can be random in nature. So we will use a
random differential equation to represent this randomness.

The motivation for this study is the previous literature on random modeling of various
diseases. Exponential and Normal (Gaussian) distributions will be used for the
distributions of random parameters. In addition to expected values, random models and
equations enable analysis of other numerical properties of the results. Results for
expected values, variations, standard deviations, coefficients of variation, and confidence
intervals provide analysis of changes in deterministic results. This analysis cannot be
done using the deterministic model. Therefore, the random model offers much more than
the random model. In recent years, the relationship of the mentioned method with the
literature and the comparison results of the proposed articles are included in the
literature[34-40].
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The rest of this present paper is arranged as follows: Basic idea of Adomian
Decomposition Method are introduced in Section 2. An attractive applications with
graphical results to verify the effectiveness and reliability of our technique, along with
the methodology of the proposed method, tables and discussions are given in Chapter 3.
Finally, Chapter 4 concludes the output of the entire article.

1.1.Preliminaries
Definition 1. We define the Caputo fractional order derivative of the function f(t) [41-
42]

1

DELFO1 = rg =y | (€= P )Py

Where, B = [a] + 1 and [a] represents the integral parts of a.

Definition 2. The Riemann-Liouville fractional derivative of order 0 < a <1 of a
function is defined as [43]

RLNpa — 1 d * -a
oD f(x) = mafo (x — )™ f()dt

where I'(.) denotes the Gamma function.

2.Adomian decomposition method

Let L(y) + R(y) + N(y) = f(t) be the ordinary differential equation. Here L is the
highest order inverse derivative operator, R is linear differential operator, N is nonlinear
operator and f is an independent term from y. y is the solution of the equation. The main
purpose of the Adomian Decomposition Method is to implement the inverse operator. If
L1 is applied to both sides of the expression

Ly(t) = () = Ry(t) = N(y(8))

giving the solution, then

y(t) = o) + L7 () = LT'Ry(t) = LT'N(y(1))

is obtained and 1, contains terms resulting from the use of initial conditions.

d

(v(0), L=—

¥(0) + ty'(0), 2=
IIJO(x) = < 1 d3

y(0) + ty'(0) +3%y" (0), =

[ Y(0) +ty' (@) +2e2y"(0) + 23y (), 1t=2
or
320 () = Yo(t) + L7 (6) = LR T3 Y () — L T2 An(0) 1)
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and A, (t) in (1) are the Adomian polynomials. If y,(t) is defined as 1, (t) + L~1f(¢)
the remaining components are determined by the following equations [6]:

yo(t) = Yo (t) + L7 (D),
Vi) = =L 'Ryp_1(t) — L A1 (D), k=1,2,..

Adomian polynomials can be obtained as follows [1-4]:

=19,
y
Alzy dy00|
_ af (yo) y_f d*f (o)
A2 =20 T ag
_ . df o) d*f(yo) , ¥i d3f(¥o)
A3—)’3d_yo+)’1YZ dy? 30 ae
_ . A0 | (1 2 d?fo) | 1 o d*f(o) , ¥id*f(yo)
Ay =y, 2o +(2!)’2 +3’13’3) & S ViY2 &3 o ayd

The authors of [44] also worked on ADM convergence analysis using the Cauchy-
Kowalevskaya theorem formalism, which guarantees that the solutions of initial value
problems for systems of ordinary differential equations with analytical vector fields are
analytical over time for small time intervals.

3.Application
In this Chapter, we provide attractive and interesting examples with graphical results to
demonstrate the effectiveness and simplicity of the method we proposed in Chapter 2.

Example 3. 1.
Consider the following random ordinary fractional differantial equation

1

dy _ _adz(-y)
a- Y ()

subject to the initial conditions

y(0)=8B

where B~N (u, 02) is parameter with Normal distribution. If L~ is applied to both sides
of the equation in equation (2), where L = %, equation (3) is obtained.

1
d dz(—
L_ld_:i — _L—l ( 1y) _ L—ly
dt2
d 2 -
Yn+1 = jAn —L 1yn (3)
dt 2

As Adomian Polynomials, f(y) = —y, f'(y) = —1, f"(y) = 0.
AO = B,
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1
Al = _yl :f/_;ta‘l'Bt,

A, = = Bt Be”
2= Y2 = 5
yO = B'
0z 0z 1 2B L
= — Ay — L 1y, = — B—-L"'B=——tz — Bt,
Y1 dt_% ° Yo dt_% v
1
d 2 B L Bt?
Yy, = — T A L_y —t 2+ Bt|+ L1 |—=tz + Bt —Bt+—
2 dt‘li v dt 2[ ] [\/E ]
dz d 2 Bt2
y3=——=A; — L1y, = — Bt—— + L7t (Bt —=—
3 dt_% 2 2 dt‘E( ) ( 2 )

In the equation y(t) = yo(t) + y.(t) + y,(t) + y3(t) + -+ instead of y,(t), y,(t),
y2(t), y;(t) values written and edited, the following (4) solution will be found.

25 .2 Bt? 4B 3 8B 5 Bt? Bt
Y(t)—B—ﬁtz—Bt—Bt+T—7t +Ft +2 -y
_ 2 L 2 3

The moment generating function of the Normal distribution is

My(t) = E[e¥¥] = p30 L HHE

The moments of the random variable B~N (u, a2) are calculated as

E[Bl=pun,  E[B?] =0?%+ u?

Using the basic properties of the expected value for the random variable, the expected

value of equation (4) is found as (5). If B~N(u = 2,02 = 5) special values are selected,
equation (6) is obtained.

_ 2 1 5 8

E[y(t)]—(l——%tj+t —2t——_t +F_t ——+ )E[B]
— (12702 _op_ 2 8 St

E[y(t)]—(l Sttt 2t \/_t +15\/_t + )M (5)
— 2 2 2 8 _

E[y(t)]—Z(l—ﬁt2+t —2t—3\/_t +15\/_t + ) (6)

If the expected value is plotted with MATLAB (2013a) for the given parameter values,
the graph in Figure 1. is obtained.
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Expected Value
T

E(Y(®)

Figure 1. The solution behavior of the expected value of equation (4) for special values
B~N(u = 2,062 =5).

Using the basic properties of the variance, the variance of equation (4) is calculated as
follows:

Var(B) = E(B?) — [E(B)]? = 0% + u? — u® = o*
2 1, 4 3 g 5 3 2
Var[y(t)]=(1—ﬁtz+t —2t——nt2+—t2—;+~-) Var[B]

3Wrm 15V
- 2 2 2 4 3 g 5 3 2 )
Var[y(t)]—(l_\/_ﬁtz'Ft —zt—ﬁt2+mtz—?+...)0

Specifically, if B~N(u = 2,02 = 5) is selected,

Varly(t)] 5<1 IE S SRPURN I S S0 )2
ar t)| = ——t2 4+t — 2t — t2 + t2 ——+ .-
y(® Vi 3T 15vm 6

variance value. If the variance is plotted with MATLAB (2013a) for the given parameter
values, the graph in Figure 2. is obtained.

Variance
12 T

10

r r r r r
0 0.5 1 1.5 2 25 3
t

Figure 2. The solution behavior of the variance of equation (4) for special values
B~N(u = 2,062 =5).
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Confidence intervals for expected values of random variables,

(E(y() — K.std(y(6)), E(y(1)) + K. std(y(1))

is equal to and this can be obtained through standard deviations. For K = 3, this formula
gives approximately 99% confidence interval for the approximate expected value of the
normally distributed random variable [23]. If the 99% confidence interval is plotted with
MATLAB (2013a), the graph in Figure 3. is obtained.

Confidence Interval
10 T T T T T

10F o -
E(Y)-3std(Y) o

E(Y) T _—
E(Y)+3*std(Y)

-15 t
0 0.5 1 15 2 2.5 3

Figure 3. The solution behavior of the confidence interval of equation (4) for special
values B~N(u = 2,02 = 5).

Table 1. Table for the expectation value, variance and 99% confidence interval

t E(y(®) Var(y@®))  E(y(®)—3std(y) E(y(D)) + 3std(y)
0.0 2 5 -4.708203931 8.708203931
0.1 0.8603434431 0.9252385486 -2.025336189 3.746023075
0.2 0.1442786213  0.02602040111 -0.3396465896 0.6282038322
0.3 -0.4826270769 0.2911611188 -2.101407503 1.136153349
0.4 -1.048347668 1.373791039 -4.564612639 2.467917304
0.5 -1.562974221 3.053610517 -6.805349128 3.679400685
0.6 -2.031493046 5.158704992 -8.845327860 4782341770
0.7 -2.456887690 7.545371395 -10.69753951 5.783764134
0.8 -2.841217533 10.09064634 -12.37095084 6.688515773
0.9 -3.186073332 12.68882909 -13.87248816 7.500341494
1.0 -3.492795001 15.24952115 -15.20798558 8.222395574
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The expected value, variance and confidence interval for K = 3 values are given in Table
1. It can be seen that the results for t € [0,1] values are obtained similarly to the results
for the case with Normal parameters.

Example 3. 2.
We will then consider the following random ordinary fractional differantial equation

yi:]_—yz (7)

Let equation (7) have initial conditions y(0) = A. Where A~exponential(A) is
parameter with exponential distribution.

1
LY = 1—y2 )

dtz
1
As in the previous example if L™z is applied to both sides of the equation in equation (7),
1

where L = d—il, equation (8) is obtained.
dtz

1 1 1 1
L™ (d—y) =L7(1) - L2(?)
dtz
d_% -1
Yuer = =1y +L72(1)
dat 2

The terms 4,, and y,, are obtained as f(v) = y2, f' (y) = 2y and f"' (y) = 2.

AOZAZ,

1
A, = %Azm — A2)¢t3,
1

A, = (—4A4 +2a- A2)> (1—A)t+ 212
2 - \/E )

yO = A' 1
d 2 _1 2 1
7= =+ 1750 = (- 6
o2, +L7E(1) = —24%(1 — At + 2 t2
Y2 = az B v

o2, +173(1) = (4,44 ~fa- A2)> (1- A"tz — 28t + 2t
C I - n 3V vz

As y(t) = yo(t) +y,(t) + y2(t) + y3(t) + --- the values y,(t), y1(t), y.(t), y5(t)
are written instead of and if edited,

1 3
y(t)=A+(—\/%t5—4t+%t5)A2+
16 10,3\ 4 16 32 o 6 1 16 3
(2e+5z(1-7)e)at szt + 2o -t + o ©)
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solution is obtained.

My () = Ele™] = 1

The moments of the random variable A~exponential(A) can be calculated using the
moment generating function of the exponential distribution.

If A~ exponential(A = 5) special values are selected, the expected value is obtained as
equation (10).

= 2 = 4
EY(©)] = E[A]+ (—Jt: — 4t + 2=e) E[42] + (2t + 5 (1 - 1) ) El4*] -
16 (2E[4S E(—tZ)—E ° t%)+---
w_t 2E[A ]+ 7 j P 3 3
1 2 2! 4! 16 = 6!
-7 e Sym\ T 74 3= 76
E[y(t)]—l+( \/Etz 3 \/_ ) (2t+ \/‘(1 n) ),1 3\/Et2,1 +
KIS LRy~ S
\/E 37T\/El 3 3
1 2 32 2\ 2! 16 1 2\ 4!
Ey®] =5+ (-6 —at+26) S (20452 (1-7) ) 55—
16 58 6516 5 (10)
3Wam~ 56 Vm Ve

If the expected value is plotted with MATLAB (2013a) for the given parameter values,
the graph in Figure 4. is obtained.

Expected Value
13

E(Y(D)

E(Y)

0 r r r r r
0 0.5 1 1.5 2 2.5 3
t

Figure 4. The solution behavior of the expected value of equation (9) for the special
value A~exponential(A = 5).

The variance of random variable A is found as (10). If A~exponential (A = 5) is chosen
specifically, the variance is equal to (11).

Var[y(t)] = Var[A] + (—%tz at + tz) Var[A?] +

3n \/’
(26 +2% (1= 2) ) varta] + (250) Var(a®) + -
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2 2

1 2 1 32 3\“20 16 1\ . 3\“ 39744
Varly®] =5+ (- gt -4t +=t2) 2+ (2t +=(1-2)e2) 224
16 .3\? 478483200
(L) e
1 2 1 32 3\?20 16 1\ 3\? 39744
Varly®] =+ (- gt -4t +=t2) T+ (2t +5=(1-2)e2) 52+

16 3\? 478483200
(ﬁ 2) 512 (11)
The graph of the variance value of the random variable A is obtained as Figure 5. for the
special value A~exponential(A = 5).

Variance
600 T T T T T

500 -

400 [~

Var(Y(t))
w
3
T

200 -

100~

Figure 5. The solution behavior of the variance of equation (9) for the special value
A~exponential(A = 5).

As in the previous application, the solution behavior of the approximately 98%
confidence interval of the expected value of the random variable with exponential
distribution for K = 3 is Figure 6.

Confidence Interval
80 T T T T T

60 - ]

40 - e b

20+ _— i

(0] sp——— =
20 T~ .

40k T - -

E(Y)-3*std(Y)

-60 [~ E(Y) T
E(Y)+3*std(Y)
_80 r r r r r
0 05 1 15 2 2.5 3

t
Figure 6. The solution behavior of the confidence interval of equation (8) for the special
value A~exponential(A = 5).

82



MERDAN M., ATASOY N.

Table 2. Table for the expectation value, variance and 98% confidence interval

t E(y(®) Var(y(®))  E(y(®) —3std(y) E(y(®)) + 3std(y)
0.0 1/5 1/25 -0.4000000000 0.8000000000
01 1193926410  0.08039504659 0.3433058014 2.044547018
02 1557886374  0.2576957253 0.03497418607 3.080798560
0.3 1808657407  0.6807656305 -0.6665982720 4.283913085
0.4 1997120377  1.459717504 -1.627442705 5.621683459
05 2143449284  2.704849520 -2.790478734 7.077377300
0.6 2258219152  4.526504006 -4.124455526 8.640893829
0.7 2347845506  7.035027282 -5.609242245 10.30493326
0.8 2416594627  10.34075571 -7.230518996 12.06370825
0.9 2467489460 1455401064 -8.977426262 13.91240518

1.0 2502774240  19.78509694 -10.84135827 15.84690675

The expected value, variance and confidence interval for K = 3 values are given in Table
2. It can be seen that the results for t € [0,1] values are obtained similarly to the results
for the case with exponential parameters.

Example 3. 3.
As a third example,

a2

=y 3y +1 (12)

let's take the equation. Let the initial conditions of equation (12) be y(0) = A and
y'(0) = B. Where A,B~N(u,d?), A and B being the random variable with normal
distribution.

3
As in the previous example if L™z is applied to both sides of the equation in equation (12),
3

where L = d—i, equation (13) is obtained.
datz
4 32 _3 3,
Yn+1=ﬁt2+3L 2(y) — L2(y?) (13)
A, = A? + 2ABt + B?t?,
2 3 5 2 7
A, = 2B(A + Bt) [(i+ﬁ_i)t5+( 8 16A3)t5— 3287 7

Vi Vm 3E 5Vm 15V 1osvr I
4 44 442\ 32 8 164B\ .2 3282 7
Y1 = (ﬁ-l_ﬁ_ﬁ)tz + (ﬁ_ 15\/E) 2~ Tosym 2
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4 3 9\/E<4 4A 4A2>t3 15\/E<8 16AB>t4 B? .

y2= t2 + +—=—— —_ ——t
3Vm 24 \3vn  m 3Vm 64 \5vm 15vVm 20
1 4 44  4A? 5B2Vm( 4 4A 442
__Am(_+___)ts_ W<_+___)t4
4 3o VJm 3Vm 32 \3vmr m 3Vm
5AB\/E( 8 16AB)t4+AB2t5 AB3t5 3194t6
32 \5ym 15Vm 20 30 20

Asy(t) = yo(t) + y1(t) + y,(t) ... the values y, (t), y1(t), y,(t) are written instead of
and if edited,

8 2 8 5 3 3, 4 2 3 4 (16 3 it
y(t)—ﬁt2+ﬁt2+7+gt +(1+\/—ﬁt2+5t )A+Bt (15\/Et2+?+
ENap (o e\ g2 (32 5 5.a\p2 (43 _ 5.4, ) g2
3)AB (3\/Et2+2)A (105\/Et2+20 8t )B +( t 8t +20)AB+
9t* o2 , t3 3 5 o3 3t0 4
—A“B“+—A°B+—AB° ——B* + --: (14)
24 3 30 20

solution is obtained. The parameters of the normally distributed random variable X are
A,B~N(u,a?). The moments of the random variable X with normal distribution are
found with the help of the moment generating function.

E(y(t) = ] t%+ 8 t%+t3+3t4+<1+ 4t%+3t3>E[A]+E[B]t
=3 w5y 2 8 Jr 2

4 3 3
_ ( 16 5.8, t—)E[A]E[B] _ (it% + t—)E[AZ]

15vVm 2 3 VT 2

32 3 t> 5 5 t>
— 5 o _+4 2 _+3 _ _+4 _ 2
(105\/Et2+20 8t >E[B ]+< t 8t +20>E[A 1E[B]
4 3

ot t £5 3
+ﬁE[AZ]E[BZ]+§E[A3]E[B]+%E[A]E[Bs]__E[B4]+W
E(y(®) = —=t? + — ANV (I AL B
P =30m Tsym 2 s THTHE I
_4 3 t? 32 3 t5 5§
_ tZ+— (02 + u?) — tZ4+———t%) (g2 + u2
<3\/E 2>( w) <105\/E 20 8 >( w)
4 3

3 5 4 tS 2 2 ot 2 2)2 t 2 3
H -t -5t t5; (o +u),u+ﬁ(a + u®) +§(30 p+pcu

8
t5 ) 3 3t6 . L Y
+%H(30' M+ll)_%(30' + 60°u* + u*) + -
E(y(®) = —=t? + — I INP P YPY (I L

5(4 t%+t3) 5< 32 t%+t5 5t4>

3Vm 2 105w 20 8

10f—p 5 oy t> N 225t% N 28t3 N 14t5 129t° N
8 20 24 3 15 20

If the expected value is plotted with MATLAB (2013a) for the given parameter values,
the graph in Figure 7. is obtained.
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Expected Value
10 T T

E(Y®)

r r
0 0.5 1 15
t

Figure 7. The solution behavior of the expected value of equation (14) for the special
value A,B~N(u = 2,62 = 1).

-60

2

Var(y(t)) = (1 + %t% + ;t3) Var[A] + Var[B]t?
16 s t+ 3\’ 4 3 3\’ ,
(15\/_ 3> Var[AlVar[B] — <mt +?> Var[A®]

32 3 t5 5 \°
t2 +———t*| Var[B?
(105\/E 20 8 > [5°]
8

(o3 B Y (A2Var(B] + oot v ar(A®|Var([B?]
8 20 ar ar 576 ar ar

6 10 12

t t
- 3 R 3 4
+ 5 Var[A®|Var[B] + 900Var[A][/ar[B 1+ 200 Var[B*] +

4 3 3 .\2 16 5 t* 3\?
Var(y(t))=<1+\/—Eti+§t3> 02+02t2+<15ﬁt5+?+§> ot

2
+ ?> (20* + 402u?)

105v% 20 B

5 £5\ 81t
3 44 204 422 2
t t+20>(0+0u)0+576

8
(20* + 402 u?)?

2 3.5 2
< ——= t4> (20* + 402u?)
+ ( >
+6
+ 3(1506 + 360*u? + 90%u*)c?

£10
+ @02(150 + 360*u? + 952u*)

9t

+ 400
— (3o* + 60%u® + u*)?] +

[(10508 + 4200°u? + 2100*u* + 2852 u® + u®)
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—+

4‘ 3 3 2 16 5 t4 t3 2
WWU@D=(1+—;ﬂ+EF) t2+< t7+?+—)

15Vn 3
) (et en i)
—16(——=t2+—=] +16 t24+-——=t
Vi 2 105y 20 8
vrgf Bt ’ 729t°  101t° 101t%  3006t%
8 20 16 3 300 25

The graph of the variance value of the random variable A is obtained as Figure 8. for the
special value A, B~N(u = 2,02 = 1).

Variance

18000 T

T

16000

T

14000

12000 [~

10000 [~

8000 [~

Var(Y(t))

6000 -

4000 -

2000 [~

Var(Y)

) r
0 0.5 1 1.5

t
Figure 8. The solution behavior of the variance of equation (14) for the special value
AB~N(u=2,6%2=1).

The solution behavior of the 99% confidence interval of the expected value of the random
variable with normal distribution:

Confidence Interval
400 T T

300 - 1

200 N

100 |- !

0 - i
-100 - .
-200 F A \ E

-300| N
E(Y)-3*std(Y) ’
-400 |- E(Y) L
E(Y)+3*std(Y) \

-500 t .
0 0.5 1 15

t
Figure 9. The solution behavior of the confidence interval of equation (14) for the
special value A4, B~N(u = 2,02 = 1).
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Table 3. Table for the expectation value, variance and 99% confidence interval.

t E(y(®)) Var(y(t))  E((®) —3std(y) E(y(D) +3std(y)
0.0 2 1 -1, 5.

0.1 2.093158601  1.152122430 -1.126950383 5.313267585
0.2 2.069706384  1.439374512 -1.529511671 5.668924437
0.3 1.941382076  1.837539054 -2.125293652 6.008057803
0.4 1707439933 2.453023722 -2.991199606 6.406079469
0.5 1.357458313  3.715405887 -4.425158132 7.140074757
0.6 0.8585391406  6.878988042 -7.009808358 8.726886638
0.7 01365155453  15.28764316 -11.59330919 11.86634028
0.8  -0.9478719200  37.66267347 -19.35884856 17.46310474
0.9 -2.627591560  96.43865557 -32,08854708 26.83336396
1.0 -5.262648018  247.6525278 -52.47358690 41.94829086

The expected value, variance and confidence interval for K = 3 values are given in Table
3. It can be seen that the results for t € [0,1] values are obtained similarly to the results
for the case with Normal parameters.

4. Conclusions

In this study, the solutions of randomly selected ordinary differential equations were
found with the help of normal and exponential distributions using the Adomian
Decomposition Method. The initial conditions or coefficients of random ordinary
differential equations are chosen from the normal and exponential distribution, and the
expected value, variance and confidence intervals, which are probability properties for
the analysis of random effects, are obtained.
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Oz

Mimarlik egitiminde teorinin medya ile birlikte gelistigi aciktir. Her ortam
varsayumlarim, firsatlarini, olanaklarint ve zorluklarini beraberinde getirmektedir.
Bilgisayar teknolojilerinin gelisimi ile dijital ara¢larin mimaride kullanimi olduk¢a
vayginlasmus, fakat hem ogrenciler hem de ogreticiler tarafindan yanlis anlasildigindan
ve uygun sekilde kullanilmadigindan, mimari pedagojide bosluklara yol a¢cmistir. Bu
calismada mimarhkta sayisal tasarim ile ortaya konulan potansiyellerin farkindaligi ve
sayisal tasarimin mimari tasarim egitimine adaptasyonu noktasinda kullanilan/onerilen
pedagojik yontemler iizerine yapilan arastirmalara odaklanimaktadr. Calisma
kapsaminda bir¢ok farkli akademik disiplin igin kapsamli ve ¢oklu veri tabanlarina erisim
saglayan “Web of Science” érneklem alam olarak belirlenmistir. Orneklem alandaki
yaythimin ve kullanimin arastirilmasi siirecinde, belirli bir alanda yayimlanan kitap,
makale ve diger yaywinlari nicel olarak analiz etmek icin kullanilan istatistiksel
yontemlerden biri olan bibliyometrik haritalama yontemi kullanilmis ve elde edilen
verilere ait bibliyometrik aglarin gorsellestirilmesinde; "VOSviewer" yazilim araci
kullamilmistir.  Sonuglar sayisal teknolojilerin bu alanda yapilan ¢alismalarda yaygin
olarak kullamildigini, ancak tasarim yontemi ile sayisal arag/larin bir arada etkili bir
sekilde kullamildigi pedagojik yontemlerle ilgili arastirmalarin simirli sayida oldugunu
gostermektedir. Ayrica c¢alismadan elde edilen veriler ve sonuglar giiniimiiz
egitimcilerine, tasarim pedagojisi ile ilgili daha genis bir etki alani agmanin potansiyel
ve olanaklarim kegfetmeleri icin bir perspektif sunmaktadir. Bu nedenle ¢calisma, mimari
tasarim egitiminde mimari tasarim stiidyolarmin planlanmasina yonelik ileriye doniik
vapilacak ¢alismalara katkida bulunmaktadir.

Anahtar kelimeler: Tasarim egitimi, dijital medya, sayisal tasarim, mimarlikta pedagoyji,
bibliyometrik analiz.
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Investigation of the change in the 21st century in architectural
design education through the bibliometric analysis method

Abstract

It is clear that theory in architectural education develops with the media. Every
environment brings its assumptions, opportunities, possibilities and challenges. With the
development of computer technologies, the use of digital tools in architecture has become
quite common, but it has led to gaps in architectural pedagogy as they are misunderstood
and not used properly by both students and teachers. This study focuses on research on
pedagogical methods used/recommended for the awareness of the potentials revealed by
digital design in architecture and the adaptation of digital design to architectural design
education. Within the scope of the study, "Web of Science", which provides access to
comprehensive and multiple databases for many different academic disciplines, was
determined as the sample area. In the process of investigating the spread and usage in
the sample area, bibliometric mapping method, which is one of the statistical methods
used to quantitatively analyze books, articles and other publications published in a
specific area, was used. The "VOSviewer" software tool was used to visualize the
bibliometric networks of the obtained data. The results show that digital technologies are
widely used in studies in this field, but there are limited studies on pedagogical methods
in which design method and digital tools are used effectively together. In addition, the
data and results from the study provide a perspective for today's educators to explore the
potential and possibilities of opening a wider field of influence on design pedagogy. For
this reason, the study contributes to future studies on the planning of architectural design
studios in architectural design education.

Keywords: Design education, digital media, computational design, pedagogy in
architecture, bibliometric analysis.

1. Giris

Son yillarda gelisen teknolojiler, tasarim teorisinin merkezi konular1 olan mimari
tasarimin, karmasik geometrilerin, serbest formlarin ve ayrica iiretim teknolojilerinin
ilgili materyalizasyon siireglerini etkilemektedir[1]. Oxman’ a [2] gore, yasanan bu
gelismeler tasarimin teorik, kavramsal ve metodolojik igerikleri {izerinde 6nemli etkiler
yaratmaya baslamistir. Oyle ki, bu etkiler mimarligin entelektiiel ve kiiltiirel cerceveleri
ile mimarlik ve tasarim egitiminin teorik temellerinin de yeniden yapilandirilmasini
gerekli kilmaktadir. Bu anlayisla ortaya konulan yeni egitim yontemlerine dair arayislarin
sayisal tasarimin pedagojik olarak benzersiz etkilerine odaklandigi ancak bu kapsamda
siurli sayidaki aragtirmaci ve egitimei tarafindan pedagojik giindemin gesitli bigimlerini
arastiran sayisal tasarimi mimari tasarim egitimine entegre etme ihtiyacinin ele alindig
goriiliir[3,4].

Genel olarak, dijital araglarin analog sistemlerin elektronik versiyonlar1 oldugu diigiincesi
ile bu araglardan tasarim siireci bittikten sonra yararlanildig1 goriilmektedir. Ancak bu
anlayisin profesyonel ve pedagojik gelismeyi engelledigi diisiincesi ile sayisal tasarim ve
bir mimari bilgi bicimi olarak sayisal tasarim modelleri arasindaki iliskinin
tanimlanmasinin, dijital medyanin arag olarak kullanilmasinin 6tesinde tasarim ve tasarim
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egitimi i¢in dnemli bir fikir kaynagi olacagi diisiincesi 6nem kazanmaya baglanmistir[5].
Bu nedenle giiniimiizde sayisal tasarim ve iiretim teknolojilerinin gelismesine paralel
olarak, mimari tasarim egitim modellerinin ve tasarim siireclerinde bilgisayar
kullaniminin rolii biiyiik 6nem tasimaktadir. Sayisal teknolojilerin tasarim ve tiretim
asamasinda getirdigi yenilikler ile bu araglarin tasarim siirecine bir tasarim yontemi
olarak nasil entegre edilmesi gerekliligi hem tasarimci hem de tasarim egitimcileri
arasinda yogun bir sekilde tartisilmaktadir.

Sunulan bu c¢alisma, sayisal teknolojilerin tasarim siirecine bir tasarim yontemi olarak
entegre edilmesini hedefleyen genis kapsamli bir ¢aligmanin 6n arastirmasi niteliginde
olup, mimarlhikta sayisal tasarim ile ortaya konulan potansiyellerin farkindaligina
ragmen, sayisal tasaritmun mimarlhk egitimine adaptasyonu noktasinda
kullanilan/onerilen pedagojik yontemler iizerine yapilan arastirmalara olan ilginin
belirlenmesini amaglamaktadir. Bu ¢ergevede ¢alisma alt1 boliimde organize edilmistir.
Ikinci béliimde, tasarim egitimi, egitimde dijital medya ve tasarim egitiminde pedagoji
tizerinden genel tanimlamalara yer verilirken, ii¢lincii boliimde materyal ve yontem
sunulmustur. Dordiincii boliimde verilerin elde edilmesi, analizi ve bulgulara, besinci
boliimde tartisma, altinci boliimde ise sonug ve Onerilere yer verilmistir.

2. Mimari tasarim egitimi ve sayisal diisiilnme

Bu alan ile ilgili literatiir incelendiginde, genel olarak tasarim stiidyolar1 "yaparak
O0grenme" olarak tanimlanan belli bir tiir pedagoji lizerine insa edilmekte[6] ve
Ogrencilerle Ogreticiler arasindaki iletisimin belkemigi olan sosyal bir ¢evre olarak
tanimlanmaktadir[7]. Tasarim stiidyolari, diger derslerden elde edilen bigimsel, mekansal
ve striiktiirel bilgilerin 6zlimsenerek tasarim ¢oziimleri yaratmalarini saglamayi, daha
once 0grendiklerini yeniden gdzden gecirmeyi, sosyal ve fiziksel ¢evreyi yeni bir bakis
acist ile gérmeyi, kendi yaratict potansiyellerini kesfederek gelistirmeyi amaglar [8].
Fakat mimarlik egitimi 6ncesinde 6grencileri bu siirece hazirlayacak alt yapinin olmamasti
ve ortadgretim siirecinde verilen, sorgulama gerektirmeyen, ezberci, bir tek ¢oziime
dayanan ve 6gretmen merkezli 6grenme kaliplari, 6grencilerin ilk y1l mimarlik egitiminde
zorluk yasamalarina neden olmaktadir [9]. Bu gegis siirecinde yasanan sikintilara ¢oziim
iretmek amaciyla, tasarim stiidyolarinda pek ¢ok pedagojik yontem arastirmasi ve
uygulamas1 yapilmistir. Sayisal teknolojilerin gelismesiyle birlikte mimarlik alaninda
yapilan arastirmalarda, tasarimda sayisal yontemlere de odaklanilmis ve bu sayisal
yontemler formel olgulari, farkli teknikler ve metotlar ile yeniden giindeme getirmis,
boylece sayisal mantikla calisan araglar, ilgili arastirmalarin odak noktasi haline
gelmistir.

Ancak mimarlikta bilgisayarin bir ara¢ olarak kullanimi1 yaygin olmasina ragmen, mimari
tasarim silirecinde yontem odakli kullaniminin sinirli oldugu goériiliir. Bu nedenle
giiniimiizde hem tasarimci hem de tasarim egitimcileri bu alanda gelisen dijital
teknolojiler ile yeni tasarim yontemleri gelistirmeye ve formiile etmeye ¢alismaktadir.
Oyle ki bu siireg dijital teknolojilerin olusturdugu ihtiyaglar ve firsatlar ile son yillarda
diinya mimarlik okullarinin ders programlarinda 6zellikle tasarim stiidyolarinin yeniden
yapilandirilmasinda 6nemli bir rol oynamaktadir [5].

Bu dogrultuda caligmanin ikinci boliimiinde, mimarlikta tasarim egitiminin ge¢cmisten

giiniimiize nasil evrildigini ifade edebilmek amaciyla, son birkag on yilda yayinlanan bu
alanda onemli kabul edilen bazi caligmalar incelenerek, mimari tasarim pedagojisine
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odaklanilmaktadir. Ayn1 zamanda, gelecegin mimar ve tasarimcilarinin egitimindeki
cagdas ilgi alanlarin1 ve giincel teknolojilerin tasarim stiidyosu pedagojisine etkisi ile
gelisen paradigmalar da ele alinmistir.

2.1. Tasarim egitiminde pedagoji ve egitimde dijital medya

Son otuz yilda arastirmacilar tarafindan tasarim pedagojisini, dogasin1 ve ozelliklerini
arastirmak ve elestirel bir sekilde sorgulamak i¢in ¢esitli ¢alismalar yapilmistir. Tasarim
pedagojisi tizerine bir sOylemin olusturulmasina 6nemli Sl¢iide katkida bulunmus ve
mevcut mimarlik egitimi ile pratigi lizerine tartisma baslatan, bu konuda arastirmaya
tesvik etmek icin bir baglangic olarak goriilebilecek ¢alismalardan bazilarinda; mimarlik
egitimi ve cesitli teorilerin tasarim 6gretimindeki rolii ve etkisi [10], tasarim stiidyosunun
rolii ve tasarim Ogretimi i¢in c¢esitli yenilik¢i kavramlar ve pratik yontemler [11],
mimarlik egitiminin ¢agdas mesleki zorluklara nasil yanit verebilecegi ve dgrencilerin
mesleki uygulamaya nasil daha iyi hazirlanabilecegi [12], diinyanin ¢esitli yerlerinden
mimarlarin ve tasarim egitimcilerinin goriisleri ile karar verme, biligsel stiller ve dijital
teknolojileri igeren bir dizi ¢agdas stiidyo pedagojisi sorunu [13] ele alinmistir. Yer
verilen ¢alismalarda da goriildiigii iizere egitimciler, ylizyillar boyunca yeni yaklagimlar,
yontemler, araglar ve teknolojiler benimseyerek, her zaman 6gretim sanatini gelistirmeyi
hedeflemislerdir. Gegen ylizyilda bilim ve teknolojide ¢igir acan yenilikler ve heyecan
verici yeni teknolojilerle sonuglanan hizli bir biiylime yasanmasi, bu yeniliklerin yeni
zorluklar ortaya c¢ikarirken, firsatlar da yaratmasini saglamistir. Bu noktada pedagojik
uygulamalarin da son birkag on yilda bilim ve teknolojinin ilerlemesinden biiyiik dlciide
etkilendigi, daha genis bir kitleye ulagsmak i¢in yeni yaklasimlar, yontemler, araclar ve
teknolojiler benimseyerek gelistigi gozlemlenmektedir [14].

Yasanan bu siiregte bilgisayar destekli ¢izim ve tasarim (CADD) teknolojilerinin, mimari
uygulamalarda kullanimi1 yardimci arag ve iiretim araglari olarak oldukea yayginlasmaistir.
Ancak giliniimiiz bazi arastirmalarinin, sayisal araglarin mimarlik uygulamalarindaki
yardimci ara¢ ya da Uretim araclar olarak kullanimi Gtesinde, s6z konusu bu araglari
tasarim siireglerine adapte etme noktasina odaklandiklar1 da goriilmektedir. Bu alanda
bazi arastirmacilar CADD' nin erken mimari miifredata dahil edilmesini, yaraticiligin
pozitivist ve indirgemeci mantik yoluyla ortadan kaldirilmasma [15] neden olacag:
diisiincesi ile endise duyarken, bazi arastirmacilar ise tasarimla ilgili bu teknolojilerin
mimarlarin uygulama ve diisiinme bi¢giminde devrim yaratacagini dngérmektedir [16]. Bu
alanda yapilan ¢aligmalar, s6z konusu sayisal araglarin mimari tasarimda diisiince
kaliplarinin ve paradigmalarinin evriminde 6nemli bir rolii oldugunu goéstermektedir
[17,18]. Mimari teori, tasarim diisiincesi, tasarim siireci ve sayisal tasarim arasindaki on
yildan fazla bir siire 6nce formiile edilen derin iligkinin, hem mevcut dijital teknolojinin
tasarim potansiyelindeki hem de gilinlimiiziin iletisim devrimindeki ¢arpici gelismelerle
birlikte mimari tasarim egitimi g¢ergcevesinde yeniden ele alinma gerekliligi ortaya
cikmustir.

Bu ¢alismada, s6z konusu teknolojilerin mimarlik disiplini lizerinde yaratacagi devrim,
mimarlik egitimi 6zelinde ele alinmakta ve her zaman teoriler ve temsil ortamlariyla ilgili
olan mimarlik egitiminde [5], giinimiiz dijital teknolojilerinin hem mimarlar1 hem de
egitimcileri tasarim alaninda yeni bir anlayis formiile etmeye zorladigi, bilgisayarlarin
diistinme ve tasarimi temsil etme seklimizi degistirdigi ve degistirmeye devam ettigi
diisiincesi iizerinden hareket edilmistir.
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Geleneksel mimarlik egitiminin temeli olan sinif tabanli 6gretim, dijital teknolojilerin
ortaya ¢ikmasiyla 6gretim bi¢iminde bir degisim yasamaktadir. Bu degisim ile ortaya
cikan Ogretim yontemlerinden bazilariin, &grenci-6gretmen etkilesimini arttirdigi,
bazilarmin 6grenmenin kalitesini artirma potansiyeline sahip oldugu bazilarinin ise
Ogrenci katilimina daha fazla imkan verdigi ifade edilmistir [19,20]. Tasarim egitiminde
benimsenen yontem ne olursa olsun, teknolojik gelismelerin hizli degisimiyle birlikte,
ogrencilerin kariyerleri boyunca yeni programlari ve araglar1 6grenme, yeniden 6grenme
ve entegre etme konusunda yeniliklere acik olmalar gerekliligi ortaya ¢ikmaktadir. Bu
baglamda dijital teknolojilerin farkli pedagojik uygulamalardaki genel etkisini
degerlendirmek icin kapsamli arastirmalarin yapilmasi gerekliligi calismadaki baslica
motivasyonlardan biridir.

Salama, “Spatial Design Education New Directions in Pedagogy in Architecture and
Beyond” adli kitabinda, mimarlik egitimiyle ilgili uluslararas1 akademik dergiler arasinda
yer alan 'Journal of Architectural Education (JAE)' de 1980 ve 1994 yillar1 arasinda
yayinlanan tiim makalelerin yilizde 14' iniin pedagojik konularla ilgili oldugunu, 2000 ile
2013 yillar1 arasinda yayinlanan makalelerin ise yaklasik ylizde 35” inin tasarim 6gretimi
uygulamalarini tartistigini ve bu egilimin tartismasiz bir sekilde, bir aragtirma alan1 olarak
mimarlik egitimi ve tasarim pedagojisine artan ilgiyi ve dikkati yansittigin1 belirtmistir
[11]. Sunulan bu ¢alisma kapsaminda ise mimarlik egitimi ve tasarim pedagojisine artan
ilgi ve mimarlikta sayisal tasarim ile ortaya konulan potansiyeller baglaminda, sayisal
tasarimin  mimari tasarim egitimine adaptasyonu noktasinda kullanilan/6nerilen
pedagojik yontemler {izerine yapilan arastirmalara olan ilginin belirlenmesine ve mevcut
durum tespitinin yapilmasina odaklanilmistir.

3. Materyal ve yontem

Arastirmada, belirli bir alanda yayimlanan kitaplari, makaleleri ve diger yayinlari nicel
olarak analiz etmek i¢in istatistiksel yontemlerin kullanildigi bibliyometri alaninda
onemli bir arastirma konusu olan bibliyometrik haritalama [21,22] y6nteminden
yararlanilmistir. Bu yontem ile disiplinlerin, alanlarin, uzmanlik alanlarinin ve bireysel
belgelerin veya yazarlarin birbirleriyle olan iliskileri temsil edilebilir [23]. Genel olarak
bir bibliyometrik haritalama analizi, veri alma, 6n isleme, ag ¢ikarimi, normallestirme,
haritalama, analiz ve gorsellestirme gibi genel is akisinin farkli asamalarimi igerir.
Verilerin elde edilmesi noktasinda ise ISI Web of Science (WoS), Google Scholar veya
Scopus gibi verilere erisilebilen farkli bibliyometrik kaynaklardan yararlanilir [24].
Calisma kapsaminda, arastirmaciya verileri elde etmede onemli Glgiide kolayliklar
saglamasi, zengin icerikler sunmasi, arastirmada “Web of Science” 1n se¢iminde etkili
olmustur.

Elde edilen verilere ait bibliyometrik aglarin gorsellestirilmesi genellikle alintilama,
birlikte alintilama, bibliyografik esleme, anahtar kelime, birlikte yazarlik aglari izerinden
olusturulmaktadir. Bu noktada bibliyometrik haritalama yoluyla bilimsel alanlar1 analiz
etmek i¢in Ozel olarak gelistirilmis yazilim araglari kullanilmaktadir [25]. Caligmada
verilerin gorsellestirilmesinde, yaygin kullanimi, 6grenim kolaylig1 ve kullanim etkinligi
nedeniyle “VOSViewer” yazilim aracindan yararlanilmigtir.
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Bu dogrultuda calisma, asagida yer alan 3 asamada gergeklestirilmistir.

e IL.Asama: “Web of Science” veri tabaninda oncelikle ilk adimda “computational
design” ve “architectural education” kavrami, ikinci adimda “computational
design and architectural pedagogy” kavrami taranarak, yazilim aracinda
kullanilacak “plain text file” formatindaki dosyalarin elde edilmesi,

e Il.Asama: “Web of Science” ilizerinden elde edilen dosya ile “VOSviewer”
programi kullanilarak mimarlik egitimi, sayisal tasarim ve mimari pedagoji ile
iliskili anahtar kelimelerin, yazarlarin ve {ilkelerin yillara gore dagilimini-
yogunluklarini i¢eren ag haritalarinin olusturulmasi,

e Ill.Asama: Elde edilen haritalarin analiz edilerek mevcut durum tespitinin
yapilmast.

4. Bulgular

I. Asamanin ilk adiminda, Web of Science veri tabani iizerinden, “architectural
education” ve “computational design” anahtar kelimeleri ile (herhangi bir y1l sinirlamasi
olmadan) bir tarama gerceklestirilmistir. Tarama sonucunda 69 kategoride 288 adet
makaleye ulasilmistir. Bu adimda mimarlik disiplini ile ilgili oldugu diisiiniilen ve Tablo
1’ de belirtilen 13 kategori altindaki 191 adet makale “VOSviewer” programi kullanilarak
analiz edilmistir. Tablo 1’de ulasilan makale sayisinin (198 adet) analiz edilen makale
sayisindan (191 adet) fazla olmasi, bir makalenin birden fazla kategori altinda yer
almasindan kaynaklanmaktadir.

Tablo 1. Analize dahil edilen makalelerin yer aldig1 kategoriler.

Web of Science kategorileri makale yuz«iehk
sayisl deger
Architecture 68 23.611
Construction Building Technology 39 13.542
Computer Science Interdisciplinary Applications 24 8.333
Computer Science Artificial Intelligence 12 4.167
Materials Science Composites 11 3.819
Materials Science Multidisciplinary 10 3.472

Green Sustainable Science Technology 7 2.431
Education Educational Research 6 2.083
Multidisciplinary Sciences 6 2.083
Environmental Sciences 5 1.736
Environmental Studies 5 1.736
Education Scientific Disciplines 4 1.389
1

Humanities Multidisciplinary 0.347
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dagilim1 ve iliski diyagrami.

Tablo 2. Birlestirilen anahtar kelimeler.

virtuagpa%ty ‘i

Sekil 1. Mimarlik egitimi ve sayisal tasarim ile ilgili makalelere ait anahtar kelimelerin

Analiz sonucunda 205 anahtar kelime elde edilmis ve es anlamli olanlar, tekil-gogul
kullanim farkliliklar1 olanlar ve kisaltma yapilarak kullanilan anahtar
arasindaki farkliligi ortadan kaldirmak amaciyla, Tablo 2’ de yer verilen anahtar
kelimeler (sozciikler) birlestirilerek kullanim siklig1 fazla olan s6zciik altinda tekil hale
getirilmistir.

kelimeler

Birlestirilen anahtar kelimeler
sayis1 sayisi

Makale Toplam baglanti

architectural form 1
architectural geometry
architectural patterns

architectural education
architecture education

aec-bim
building information modeling
bim

computational fluid dynamics
computational fluid dynamics (cfd)

computer aided architectural design (caad)
computer aided design

computational implementation
computational implementations

parametric model
parametric-associative model

shape grammar
shape grammars
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Sekil 1’ de bu alanda yapilan ¢aligmalarin anahtar kelimeleri ve anahtar kelimelerin
birbirleri ile olan iligkilerinin yer aldig1 ag diyagrami verilmistir. Tablo 3’ de ise;
mimarlik egitimi ve sayisal tasarim ile ilgili olan anahtar kelimeler ile bu anahtar
kelimelerin yer aldig1 makale sayisi ve toplam baglant1 sayis1 yer almaktadir. En sik

29 ¢

kullanilan anahtar kelimeler sirasiyla, “computational design”, “architectural education”,

“parametric design”, “design education”, “architectural design studio”, “computational
thinking” ve “virtual reality” anahtar kelimeleridir.

Tablo 3. Mimarlik egitimi ve sayisal tasarim 6zelinde elde edilen makalelere ait anahtar
kelimeler, makale sayis1 ve toplam baglanti sayisi.

Anahtar kelime Makale sayis1  Toplam baglanti sayisi
3d-printed particle series 1 21
acoustics 1 4
agent-based modeling 1 4
algorithmic design 1 7
algorithmic thinking 1 3
architectural design 1 4
architectural design education 2 8
architectural design pedagogy 1 7
architectural design platforms 1 4
architectural design process 1 4
architectural design studio 4 16
architectural education 9 36
architectural form 3 15
architectural pedagogy 1 4
architectural practice 2 8
architectural representation 1 4
architectural robotics 1 4
architectural visualization 1 5
artificial intelligence 1 4
building information modeling 1 5
cognitive-behavioral plan analysis 1 4
collaborative design 1 4
computation 1 4
computational design 16 64
computational design education 1 3
computational design thinking 1 3
computational simulations 1 5
computational thinking 3 15
computational fluid dynamics 4 16
computational implementation 2 8
computer simulation 1 5
computer aided architectural 5 9
design (caad)

creativity assessment 1 4
creativity research 1 4
daylight 1 4
deep learning 1 4
design collaboration 1 4
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design education

design framework

design research

design space exploration
design tool

design-build

design thinking

digital design

digital design pedagogy
digital design process
digital fabrication

digital heritage

digital pedagogy

digital technology

digital twin

early design stage
ecological awareness
ecological design
education theory
emerging technology
environmental performance
optimization

ethics

expert systems
extra-terrestrial architecture
fabrication

first-year design education
form finding

generative algorithms
genetic programming
immersive pedagogy
integrative design
interaction design

iterative design
interdisciplinary design
interoperability, multidisciplinary
design

learning performance
machine learning

material agency

material design

material formations
material prototypes
material studies
optimization (beso)
parametric architecture
parametric design
parametric design thinking
parametric model
parametric-associative modelling

PNPRUOIRPRRRRPRRPRERRERE B RPREPRPREPRRPRRPREPRREPREPRPRE P PRRPPEPRPREPRPRPENRRERRERRERERNOC
WNNRAEANROTANOA®W U AR WOROWRARRRARAWR O ORMRRARAPROONORANUINAOG WU oRN]

99



DEMIRCAN D., PALABIYIK 8.

pedagogy

programming and architectural
education

rationalization of form
reflective practice
reinforcement learning
robot-human collaboration
robotic fabrication

simulation

simulation accuracy
simulation efficiency

software requirements

space syntax

sustainability in design education
web-based education systems
shape grammars

virtual reality
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environmental perfoffance optimization

architectural design pedagogy

parametric design computational thinking
algorithmic design material studies
cutting-edge technology
enc technology architectural practice
deformation

pedagogy

geaggetry architecture

symmetry computer-aidediiistruction (car)
architectural education

) \ material f@mations ps digital pedagogy  Virtual reality

COmpUtat10n6| deSIgn architectural design studio

facade design design education

architectural pedagogy

architectural design process
robot-humanicollaboration protgipe: 88 BIVF

algorithmighinking design colleBoration

collaborative design

aecbim

& vosviewer I
2000 5 2

Sekil 2. Mimarlik egitimi ve sayisal tasarim ile ilgili makalelere ait anahtar kelimelerin
yillara gore dagilimi ve iliski diyagramu.

Sekil 2° de anahtar kelimelerin yillara gére dagilimi ve birbirleri ile olan iligkilerine ait
ag diyagramu verilmistir. Tablo 4’ te 2020 yili ve sonrasinda yogun olarak kullanilan
anahtar kelimeler ile bu anahtar kelimelerin yer aldig1 makale sayis1 ve toplam baglanti
sayis1 yer almaktadir. Tasarim egitimi ve sayisal tasarim anahtar kelimelerine ek olarak,
parametrik tasarim ve sanal gergeklik anahtar kelimelerinin toplam baglant1 sayisinin
fazla oldugu, ayrica algoritmik tasarim, igbirlik¢i tasarim, robot-insan is birligi, malzeme
caligmalar1 ve cephe tasarimimin giincel arastirma konulari arasinda yer aldigi
goriilmektedir.
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Tablo 4. 2020 yil1 ve sonrasinda yogun olarak kullanilan anahtar kelimeler, makale
sayis1 ve toplam baglant1 sayisi.

Anahtar kelime Makale sayis1  Toplam baglanti sayisi
algorithmic design 1 7
architectural design pedagogy 1 7
architectural design process 1 4
architectural pedagogy 1 4
architectural practice 2 8
collaborative design 1 4
computational thinking 3 15
design education 5 22
facade design 1 3
pedagogy 2 8
parametric design 5 28
robot-human collaboration 1 4
material studies 1 4
virtual reality 3 14

albania

turkey
brazil

canada

india
germany england

usa

japan
, czech fepublic
australia

singapore
south korea

peoples r china

A, vosviewer I

Sekil 3. Ulkelere ait makalelerin yillara gore dagilimi ve iliski diyagramu.

Sekil 3’ te, 6rneklem alan 6zelinde, bu alanda yapilan makalelerin iilkelere ait dagilimina,
Tablo 5’ te iilkelerin toplam makale say1s1 ve 191 makale i¢inde yilizdesel olarak yer aldig1
degerlere yer verilmistir. Ulkeler 6zelinde yapilan degerlendirmede toplam makale sayisi
tizerinden %10 ve iizeri makale {ireten iilkeler sirasiyla; Cin, Giiney Kore, Amerika ve
Japonya olarak belirlenmistir.
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Tablo 5. Ulkelere ait yayim sayist.

Ulkeler Makale sayisi Yiizdelik deger
Chima 75 26.042
South Korea 55 19.097
USA 43 14.931
Japan 31 10.764
Turkey 17 5.903
Germany 15 5.208
England 13 4514
Italy 12 4.167
Brazil 10 3.472
Singapore 10 3.472

I. Asamanin ikinci adiminda, Web of Science veri tabani lizerinden, “architectural
education” ve “computational design” anahtar kelimeleri ile (herhangi bir y1l sinirlamasi
olmadan) bir tarama gergeklestirilmistir. Tarama sonucunda 15 kategoride 29 adet
makaleye ulasilmigtir. Bu adimda mimarlik disiplini ile ilgili oldugu diisiiniilen ve Tablo
6’ da belirtilen 8 kategori altindaki 26 adet makale “VOSviewer” programi kullanilarak
analiz edilmistir. Tablo 6’da ulasilan makale sayisinin (44 adet) analiz edilen makale
sayisindan (26 adet) fazla olmasi, bir makalenin birden fazla kategori altinda yer
almasindan kaynaklanmaktadir.

Tablo 6. Analize dahil edilen makalelerin yer aldig1 kategoriler.

Web of Science kategorileri Makale Yuztiehk
sayisi deger
Architecture 21 72.414
Computer Science Interdisciplinary Applications 10 34.483
Education Educational Research 4 13.793
Construction Building Technology 3 10.345
Green Sustainable Science Technology 3 10.345
Environmental Sciences 1 3.448
Environmental Studies 1 3.448
Regional Urban Planning 1 3.448
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Sekil 4. Sayisal tasarim ve mimari pedagoji ile ilgili makalelere ait anahtar kelimelerin
dagilim ve iliski diyagrami.

Analiz sonucunda 110 anahtar kelime elde edilmis ve Sekil 4’ te bu alanda yapilan
calismalarin anahtar kelimeleri ve anahtar kelimelerin birbirleri ile olan iligkilerinin yer
aldig1 ag diyagrami verilmistir. Tablo 7’ de ise; sayisal tasarim ve mimari pedagoji ile
ilgili olan anahtar kelimeler ile bu anahtar kelimelerin yer aldig1 makale sayis1 ve toplam
baglant1 sayis1 yer almaktadir. En sik kullanilan anahtar kelimeler sirasiyla,

“computational design”, “pedagogy”, “architectural pedagogy”, “design pedagogy” ve
“parametric design” anahtar kelimeleridir.

Tablo 7. Sayisal tasarim ve mimari pedagoji 6zelinde elde edilen makalelere ait anahtar
kelimeler, makale sayis1 ve toplam baglant1 sayisi.

Anahtar kelime Makale sayis1  Toplam baglanti sayisi
acoustics 1 4
algorithmic 1 3
architectural design 1 10
architectural design pedagogy 1 7
architectural design studio 2 16
architectural education 2 10
architectural geometry 1 10
architectural hermeneutics 1 3
architectural modeling 1 10
architectural pedagogy 4 20
architectural pedagogy and

: 1 3
education
architectural practice 1 4
architectural thinking 1 10
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biometrics 7
cognitive psychology 3
collaborative design 10
computation 11

computational design
computational design history
computational design thinking
computational thinking
daylight simulation

design education

design methods

design pedagogy

design support

design thinking

digital architecture

digital design

digital design education
digital design pedagogy
digital design thinking
digital fabrication

digital pedagogy

digital technology
education

environmental analysis
extra-terrestrial architecture
fabrication

facade design

generative design
parametric design
parametric design thinking
parametric modeling
robotic fabrication
robot-human collaboration
pedagogy

studio pedagogy

urban sensing

virtual reality
visualization

interactive architecture
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Sekil 5. Sayisal tasarim ve mimari pedagoji ile ilgili makalelere ait anahtar kelimelerin
yillara gore dagilimi ve iliski diyagrama.

Sekil 5’ te anahtar kelimelerin yillara gore dagilim1 ve birbirleri ile olan iligkilerine ait ag
diyagrami verilmistir. Tablo 8” de 2020 y1l1 ve sonrasinda yogun olarak kullanilan anahtar
kelimeler ile bu anahtar kelimelerin yer aldig1 makale sayisi ve toplam baglanti sayisi yer
almaktadir. Buna gore bu alanda yayimlanan makale sayisinin oldukca smirli sayida
kaldig1 anlagilmaktadir.

Tablo 8. 2020 yil1 ve sonrasinda yogun olarak kullanilan anahtar kelimeler, makale
sayis1 ve toplam baglanti.

Anahtar kelime Makale sayis1  Toplam baglant1 sayisi
architectural education 2
architectural design pedagogy
digital pedagogy

acoustics

built

body reactions
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Tablo 9° de orneklem alan 6zelinde, bu alanda yayimlanan makalelerin iilkelere ait
dagilimi ve iilkelerin toplam makale sayisina yer verilmistir. Makale sayis1 ve alint1 sayis1
tizerinden bir degerlendirme yapildiginda en etkili {ilkelerin sirasiyla; Amerika ve
Avusturalya oldugu goriilmektedir. Ingiltere ve Israil alint1 sayis1 siralamasinda 4 alinti
ile ti¢lincii sirada yer almaktadir.
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Tablo 9. Ulkelere ait yayin sayisi.

Ulkeler Makale sayisi Alntilar Toplam baglant1 sayisi
USA 9 15 1

Australia 15
England
Canada
Greece
Portugal

Israel

Austria
Finland
Germany
Singapore
Arab Emirates
India
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5. Tartisma

Rivka Oxman (2008), gelisen teknolojinin mimariyi bariz bir sekilde degistirdigini ve bu
doniisiime cevap verebilmek i¢in mimarlik egitim sisteminin giincellenmesi gerektigini
ifade etmektedir. Bu noktada calismanin genel amaci, yasanan gelismeler sonucunda,
mimarlikta kullanilan sayisal tasarimin pedagojik olarak mimari tasarim egitimine
entegrasyonu tizerinden yapilan ¢alismalara olan ilginin, bibliyometrik analiz yontemi
tizerinden belirlenmesidir. Caligsma kapsaminda I Asamanin ilk adiminda gerceklestirilen,
“architectural education” ve “computational design” anahtar kelimeleri ile ilgili yapilan
tarama sonucunda, 6rneklem alanda yer alan makalelerin yillara gére dagilimi Sekil 6° da
ifade edilmistir. Buna gore bu alandaki ilk makalenin 1999 yilinda yapildig1 ve 6zellikle
2019 yilindan sonra makale sayisinin belirgin bir sekilde artarak devam ettigi
goriilmektedir.

Web of Science Veri tabaninda Yillara Gore Yayin Sayisi

60
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Sekil 6. Mimarlik egitimi ve sayisal tasarim 6zelinde yillara gére makale sayisi.
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I. Asamanin ikinci adiminda, “computational design” ve “architectural pedagogy”
anahtar kelimeleri ile ilgili yapilan tarama sonucunda, orneklem alanda yer alan
makalelerin yillara gore dagilimi Sekil 7’ de ifade edilmistir. Buna goére bu alandaki ilk
makalenin 2006 yilinda yapildigi, ancak makale sayisinda belirgin bir artis olmadigi,
yatay bir seyirde devam ettigi goriilmektedir.

Web of Science Veri tabaninda Yillara Gére Yayin Sayisi

10

2006 2010 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022

Sekil 7. Sayisal tasarim ve mimari pedagoji 6zelinde yillara gore makale sayisi.

Sekil 6 ve Sekil 7° de yer alan grafikler incelendiginde; mimarlikta sayisal tasarim ile
ilgili yapilan c¢aligsmalarin artarak devam ettigi ve bu calisma alaninin barindirdig:
potansiyellerin ilgi uyandirdigi, ancak sayisal tasarimin mimari tasarim egitimine
adaptasyonu noktasinda pedagojik yontemler iizerine yapilan ¢aligmalarin 2006 yili ve
sonrasinda yapildigi1 goriilmektedir. Yapilan calismalarin sinirli sayida olmasi ve duragan
bir grafige sahip olmasi bu alana olan ilgilin yeterli olmadigini géstermektedir.

Ayrica bulgular boliimiinde sunulan Tablo 3 ve Tablo 7’ de yer alan anahtar kelimeler
incelendiginde bazi anahtar kelimelerin kesisim kiimesi disinda kaldig1 goriilmektedir.
Tablo 10° da mimarlik egitimi ve sayisal tasarim Ozelinde elde edilen ancak sayisal
tasarim ve mimari pedagoji 6zelinde yer almayan ve birbiri ile iligkili oldugu diisiiniilen
anahtar kelimeler; optimizasyon-simiilasyon, tasarim araglari, yapi bilgi modelleme-
interdisipliner tasarim, yapay zeka-makine 6grenmesi, egitim, analiz yontemi ve malzeme
olmak iizere gruplar altinda organize edilmistir.

Tablo 10. Kesisim kiimesi disinda kalan ve gruplandirilan anahtar kelimeler.

Optimizasyon-simiilasyon Yapi bilgi modelleme-interdisipliner

tasarmm
agent-based modeling building information modeling
optimization design collaboration
rationalization of form digital twin
simulation integrative design
simulation accuracy interdisciplinary design
simulation efficiency interoperabiIi;;gsrigléltidisciplinary

early design stage
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Tasarim araclan

Yapay zeka-makine 6grenmesi

3d-printed particle series
design tool
software requirements

artificial intelligence
deep learning
expert systems
machine learning

Egitim-ogretim

Analiz

computational thinking
creativity assessment
creativity research
education theory
reflective practice
reinforcement learning
learning performance
sustainability in design education

architectural form
shape grammars
space syntax
iterative design

Malzeme

material design
material formations
material prototypes

web-based education systems material studies

immersive pedagogy

6. Sonuc ve oneriler

Mimari tasarim egitiminin asil amaci tasarim yaklagimi gelistirmektir ve bu yaklagimlari
denemek ve gelistirmek i¢in tasarim atolyeleri iyi bir firsat olusturur. Mimari tasarim
egitimi ve tasarim siire¢lerinin mevcut durumu ve egitim siirecleri, gelisen teknolojilerin
etkisi ile siirekli sorgulanan ve tartigilan bir konu olmustur. Ozellikle son 20 yilda dijital
teknolojilerin, siirece hizla ve etkin olarak dahil olmasiyla birlikte mimarliktaki en hizli
dontlisiim  siireci baglamig, mimarlik ve tasarim teorisini, pratigini etkileyerek
paradigmatik degisim ve doniigiimlere yol agcmistir. Yeni teknolojilerin mimarlikla
iligkisini kurgulamak, mimarlik pratiklerini yenilikler 1s18inda doniistiirmek igin
oncelikle mimarlik egitiminde degisim ve doniisiimiin gerekliligi ortaya ¢ikmistir. Bu
noktada tasarim egitimcilerinin, yeni gereksinimleri modern tasarim egitimine dahil
edebilmek icin, tasarim derslerini organize etmesi, pedagojik hedeflerini belirlemesi,
sayisal tasarim ortamini yapilandirmasi, 6grencilerin ders boyunca ilerlemesini izlemesi
gerekir. Bu calisma, belirlenen oOrneklem alandaki, mimari tasarim egitimi
aragtirmalarinda giincel yaklagimlara ve giincel teknolojilere ne oranda yer verildigine
dair fikir vermektedir. Tartigma boliimiinde yer verilen bulgularin karsilagtirmasi
sonucunda, sayisal teknolojilerin bu alanda yapilan caligmalarda yaygin olarak
kullanildigini, ancak tasarim yontemi ile sayisal arag/larin bir arada etkili bir sekilde
kullanildig1 pedagojik yontemlerle ilgili arastirmalarin  sinirhh sayida oldugunu
gostermektedir. Tablo 10° da ifade edilen ve mimari pedagoji 06zelinde yapilan
caligmalarda yer almadig1 belirlenen anahtar kelimeler goz oniine alindiginda;

e sayisal teknolojileri kullanarak insa edilmis, tasarlanacak yapidan en ideal verimi
almak ve g¢evreye yeni bir tasarim yaklasimi sunmak amaciyla yararlanilan
optimizasyon-simiilasyon,

e stiidyo egitmenlerinin ve dgrencilerin daha iyi iletisim kurmasi, bilgiyi aktarmasi
ve tasarim siirecinde dogru anda dogru temsilden yararlanabilmesi i¢in 6gretim
ortaminda yeni teknolojilerin tasarim Ogretimine entegrasyonu noktasinda
yenilik¢i tasarim araglari,

e yap1 modellerini olusturmak, paylasmak ve analiz etmek i¢in bir dizi yontem ve
teknolojiyi icinde barindiran yapi bilgi modellemesi ve tasarim, insaat ve proje
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yonetimi gibi siireclerde farkli disiplinlerin bir arada ve uyum i¢inde ¢alismalarini
destekleyen interdisipliner tasarim,

e yasamin bir¢cok alaninda kullanilan ve gelisen teknolojiyle birlikte mimarlik
disiplininde de kullanimi yayginlasan yapay zeka ve son yillarda popiiler hale
gelen, verileri ayristirmak, 6grenmek ve 6grendiklerine gore kararlar vermek i¢in
algoritmalar kullanan siiregleri iceren makine 6grenmesi,

e kural tabanli tasarimda belirli bir igerige uyan yeni tasarimlarin kriterlerini agik¢a
tanimlayarak form neslini kontrol etmeyi saglayan analiz yontemleri,

e ckolojik ve siirdiiriilebilirlik basta olmak iizere gerek yenilik¢i gerek yerel
malzeme kullanimiyla c¢evre ile uyumlu, kimlikli ve 0zgiin yapilarin ortaya
konulmasi noktasinda 6nemli bir etken olan malzeme,

gibi ¢alisma kapsaminda tespit edilen anahtar kelimeler mimari pedagoji 6zelinde ele
alindiginda, gelecegin mimarlik egitiminin nasil olmasi gerektigi noktasindaki giincel
arastirmalara yon verme agisindan 6nemli katkilar saglayacag diistiniilmektedir.

Bu calisma ile gelisen teknolojinin mimarlik alanina etkilerinin egitim siireglerinde yer
almasi gerektigine vurgu yapilmistir. Boylesi bir ¢alisma ile elde edilen veriler, glinlimiiz
egitimcilerine, tasarim pedagojisi ile ilgili daha genis bir etki alan1 agmanin potansiyel ve
olanaklarini kesfetmeleri i¢in bir perspektif sunmasi noktasinda, dijital yontem ve
teknolojilerin kullanimina dayali mimari tasarim egitiminde mimari tasarim stiidyolarinin
planlanmasina yonelik gelecekteki arastirmalara katkida bulunacagi 6n goriilmektedir.
Sonug olarak, ileriye dontik yapilacak olan ¢alismalarda, sayisal diisiinmenin mimarlik
egitimine uyumlu hale getirilmesi icin gelecekteki pedagojilerin tasarlanmasinda z
kusagimin 6grenme niteliklerine yonelik teorik g¢erceveler dikkate alinmalidir. Ayrica
hesaplamal1 diisiinmeyi mimarlik egitiminin program ¢iktilarina dahil etmek ig¢in,
egitimciler tarafindan pedagojik yontemler {izerine daha fazla ¢alismaya ihtiyag vardir.
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Abstract

Using fixed point methods, we prove the stability and the superstability of Jordan k-
derivations on I'*-Banach algebras for the following Jensen-type functional equation
uf (%) +uf (xz;y) = f(ux) where u is a complex number such that [u| = 1. We also
investigate the stability and the superstability of Jordan k-x-derivations with the

functional equation f(2ux + uy) + f(ux + 2uy) = ulf (3x) + f(3y)] on I'*-Banach
algebras.

Keywords: T"-rings with involution, Hyers-Ulam-Rassias stability, Jordan k-x-derivations.

Jordan k-*-tirevlerinin I"*-Banach cebirlerinde sabit nokta
yontemiyle stabilitesi

Oz

Sabit nokta yontemlerini kullanarak, uf (?) + uf (%) = f(ux) ile tamimh Jensen

tipi fonksiyonel denklem igin Jordan k-*tiirevlerinin I'*-Banach cebirleri iizerindeki
stabilitesini ve stiper stabilitesini kanitliyoruz. Burada u sayisy, |u| = 1 sartint saglayan
bir karmasik sayidir. Ayrica, I'*-Banach cebirleri iizerindeki f(2ux + py) + f (ux +
2uy) = ulf(3x) + f(3y)] fonksiyonel denklemi ile Jordan k- »tiirevlerinin stabilitesini
ve stiper stabilitesini arastiryyoruz.

Anahtar kelimeler: Involiisyonlu T-halkalari, Hyers-Ulam-Rassias stabilitesi, Jordan k-
*-tiirevler.
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1. Introduction and preliminaries

In 1940, S.M. Ulam [1] made a significant contribution by introducing the concept of
stability of functional equations. He proposed the following problem:

Let (G,*) be a group and (G,,°, d) be a metric group with the metric d(.,.). Given ¢ >
0, does there exist a () > 0 such that if a function
f:G; — G, satisfies the inequality

d(f(x*y), f(x) e f (¥)) <6

for all x,y € G;, then there exists a homomorphism H:G; = G, such that
d(f(x),H(x)) < eforall x € G,?

More simply, we search for conditions that allow the existence of a homomorphism
between a group and a metric group that closely approximates a homomorphism. When
these conditions are satisfied, we call homomorphisms G; to G, stable.

In 1940, D.H. Hyers [2] made a significant advance by providing the first partial solution
to Ulam's question, in particular in the case of approximate additive mappings involving
Banach spaces G; and G,. Then, Th.M. Rassias [3] extended the Hyers’s stability theorem
for linear mappings by considering the existence of an unbounded Cauchy difference.
Subsequently, many researchers have investigated stability problems associated with a
wide variety of functional equations [4-6].

Let A be a real or complex algebra. A linear mapping D: A — A is said to be a derivation
if D(ab) = D(a)b + aD(b) forall a,b € A. P. Semrl was the first to achieve stability
results concerning derivations between operator algebras [7]. Recall that a Banach -

algebra is a Banach algebra which has an isometric involution. In general, all C*-algebras
are Banach x-algebra. Recently, the stability of x-derivations and Jordan *-derivations
on Banach x-algebras has been investigated by several authors, see [8-10] and references
therein.

The concept of T'-ring introduced by N. Nobusawa [11] extended the notion of ring to a
more general setting. Based on Nobusawa's definition, W.E. Barnes [12] further extended
the scope of I'-rings by slightly modifying the condition. The study of derivations and
Jordan derivations in the context of I'-rings was later investigated by M. Sapanci and A.
Nakajima [13], while H. Kandamar [14] further advanced the field by introducing and
developing the concept of k-derivations in I'-rings. In recent years, many results of T'-
rings have been extended to I'-algebras.

Suppose that V and I" are linear spaces over a field F. Then V is said to be a I"-algebra

(in the sense of Barnes [12]) over F if there exists a mapping V X I’ X V — V (the image
of (x, @, y) is denoted by xay) satisfying the following conditions:

() (xay)Bz = xa(yBz),
(i) Alxay) = (Ax)ay = x(Aa)y = xa(Ly),
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(i)  xa(y +z) = xay + xaz,

x(a+ By = xay + xBy,
(x+y)az = xaz + yaz

forall x,y,z€V, a,f €', A € F. The I'-algebra V is denoted by (I, V).

If V and I' are normed linear spaces over F, then I'-algebra (I', V) is called a I"-normed
algebra if conditions (i)-(iii) hold and further

(iv) Il xay II<Il x [IIl @ Il y Il holds forall x,y e Vand a € T.

Bhattacharya and Maity [15] introduced the notion of I"-Banach algebra, which extends
the traditional notions of Banach algebras and I'-rings. A I'-normed algebra (I, V) is
classified as a I'-Banach algebra when the underlying space V is a Banach space.
Interestingly, any Banach algebra can be considered as I'-Banach algebra by choosing the
appropriate I'. T'-Banach algebras are a generalization of the notions of both Banach
algebras and I'-rings. For example, the set of all bounded linear maps from an infinite
dimensional normed linear space X to a Banach space Y and the set of all m xn
rectangular matrices are I'-Banach algebras which are not general Banach algebras.

In 2014, Hoque et al. [16] introduced the notion of I'-ring with involution (also known as
I'*-ring). Now we give the definition of a I'*-algebra:

Definition 1.1. An involution on a I'-algebra V is a map x — x* of V onto itself such
that

) (ay)" =yax’,

(i) (+A) =x"+ Ay,

@)  (xH"'=x
forall x,y eV, a € I'and 1 € C. AT-algebra V equipped with an involution is called
a I'*-algebra. The I'*-algebra V is denoted by (I'*, V).

Now we define a k-*-derivation and a Jordan k-*-derivation on I"*-algebras as follows:

LetV be al*-algebraoverafield Fandletd:V — V and k: I' — I" be two linear operator.
If

d(xay) =dx)ay* + xk(a)y + xad(y)

forallx,y € Vand a € I', then d is called a k-+-derivation of V. If d(xax) = d(x)ax™ +
xk(a)x + xad(x) holds forall x € V and « € I', then d is called a Jordan k--derivation
of V. Itis clear that every k-+-derivation of a I'*-algebra V is a Jordan k-x-derivation of
V. However, the converse is not true in general.

In the proofs of our theorems, we shall use the following lemma which is proved in [17].

Lemma 1.2. [17] Let X and Y be linear spaces, T :={u € C| |u| = 1}and f: X - Y be
an additive mapping such that f(ux) = uf(x) for all x € X and all © € T. Then the
mapping f is C-linear.
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Let X be a nonempty set. A functiond: X X X — [0, o] is called a generalized metric on
X if and only if d satisfies

(i) d(x,y) =0ifand only if x = y,
(i)  d(xy)=dy,x),
@)  d(x,z) <d(x,y)+d(y, z)

forall x,y,z € X. Then (X, d) is called a generalized metric space.

It is worth noting that the main difference between the generalized metric and the usual
metric lies in the fact that the former allows the inclusion of infinity in its range.

Now, we need the use of the next fixed point theorem (see [18]):

Theorem 1.3. Let (X,d) be a complete generalized metric space and A: X — X be a
strictly contractive mapping; that is,

d(Ax, Ay) < Ld(x,y) (x,y € X)

with the Lipschitz constant 0 <L < 1. Then, for each given x € X, either
d(A™*1x, A™x) = oo for all n = 0, or otherwise there exists a natural number n, such
that

0) d(A™1x, Ax) < oo for all n = ny,

(i)  the sequence {A™x} converges to a fixed point x* of 4,

(iii)  x* is the unique fixed point of A in the set

X*={yeX|d(A"x,y) < o}

(V)  d(y,x") <—d(dy,y) forally € X.

B. Arslan and O. Arslan [19] proved the stability and superstability of homomorphisms
and k-derivations associated with the Cauchy functional equation on I"-Banach algebras
using the direct method.

In this paper, we will use the fixed point alternative introduced by Cadariu and Radu as a

powerful tool to determine the stability and superstability of Jordan k-x-derivations
associated with the following Jensen-type functional equation

wf () +uf () =Fw)  weT) ®

in I'*-Banach algebras. We also prove the stability and superstability of Jordan k-x-
derivations with the functional equation

fQux + py) + f(ux +2uy) = ulf(3x) + f(3y)] (meT)

in I"*-Banach algebras.
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2. Stability of Jordan k-x-derivations

In this section, we first prove the Hyers-Ulam-Rassias stability of Jordan k-*-derivations
associated with the Jensen-type functional equation (1) in I"*-Banach algebras.

Theorem 2.1. Let V be a I'*-Banach algebra over the complex field C. Suppose f:V —
V' is a mapping satisfying f(0) = 0 and g: I' — I" is a mapping satisfying g(0) = 0 for
which there exist functions ¢p; : VXV XV — [0, ), ¢,: T X I' = [0, ) such that

Iaf (52) + f (52) - £ () + f(a0) - f@aa” - ag(@)a— aef @ |

2
< ¢1(x,y, ), (2)
Il g(ua + up) —ug(a) —ug(B) Il < ¢y (a, p), (3)

forall ue T:={uecC||ul =1} and for all x,y,a €V, a,B €I'. If there exist L;,

x Yy a

L, <1 such that ¢y (x,y,a) < 2Li:5.%9)  and ¢,(a,p) < 2L,¢,(5,2) for
all x,y,a € Vand a, 8 € I', then there exists a unique linear map k from I to I satisfying

I 9(@) = k(@) I < 577 br(@, ), (4)

and there exists a unique Jordan k--derivation D: V — V such that

—¢,(x,0,0) ®)

_L1

I f(x)—D(x) II<
forallxeVanda €.
Xy a

Proof. It follows from ¢, (x,y,a) < 2L1¢1(E'E'E) that

li]rn 277 ¢, (27x,27y,27a) = 0 (6)
forall x,y,a € V. Byputtingu =1, y =a = 0in (2), we get

12F(3) -G 1< $1(x,0,0) )
forall x € V. Thus, we have

IS £(2%) = f(x) IS 5$1(2%,0,0) < Ly ¢ (x,0,0) (8)

for all x € V. Now, we consider the set X: = {h | h: V = V} and we introduce the
generalized metric on X:

d(r,h):=inf{C € R*:|| h(x) — r(x) I< C.¢1(x,0,0) for all x € V}.
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It can be easily shown that X is complete with the generalized metric d. Define the linear
mapping J: X - X by J(r)(x) = %r(Zx) for all re X,x e V. By Theorem 1.3,
d(J(h),J(r)) < Lyd(h,7) forall h,r € X. From (8), we have that

d(f,J(f)) < L.

As stated in Theorem 1.3, there is a unique fixed pointintheset X;:={r € X | d(f,r) <
oo} for the mapping J. Let us denote this fixed point as D. Consequently, D is the unique
mapping which has the property that D(2x) = 2D (x) for all x € V and there is a positive
constant C in the interval (0, o) such that the inequality I]|D(x) — f (x)|| < C. ¢,(x,0,0)
holds for all x € V. Moreover, we have lirrln d(J™(f),D) = 0. So,

hy%f@%sz@) (9)

Ly
1-L;

for all x € V. Since we have d(f,D) < ﬁd(f,](f)), then we get d(f,D) <
This implies the inequality (5). From (2), (6) and (9), we get

0(E52)+ 0(5)- oeo

= 1111312% @+ + R —y) - fRM)

1
< lim=— ¢, (2", 2™y,0) =0
n 27

forall x,y € V. So

DC§6+D@%§=M@

forall x,y € V. Putting z = ”Ty t = % in the above equation, we have that

D(z) +D(t) = D(z +t)

for all z,t € V. Thus D is Cauchy additive. Putting y =x, a =0 in (2), we get
Il pf(x) — f(ux) | < ¢p1(x,x,0) forall x e V. Thus

1
| D(2ux) + 2uD(x) = lirrlnz—n Il f(2u2™x) — 2uf (2Mx) I

1
< lim—¢,;(2™x,2™x,0) =0
n 21

forall u € T,and all x € V. According to Lemma 1.2, it can be deduced that the mapping
D:V - V is C-linear. Puttingu =1, a = B in (3), we have that || g(2a) — 2g(a) II<
¢,(a,a) forall « € I'. Hence,
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|59z - 9@ <5 ¢2(0.@) (10)

forall @ € I'. Now we consider the setY: = {q | g: ' — I'} and define the mapping d' on
Y x Y as follows:

d'(q1,92) == inf{C € R*: |l q1(a) — qz(a) | £ Cy(a,) foralla € T'}.

It is clear that d’ is a generalized metric on Y and the metric space (Y,d") is complete.
Also the mapping J': Y — Y defined by

1
J' (@@ =3a(2a) (@ €D

is strictly contractive on Y. Thatis, d'(J'(q1),)'(q2)) < L,d'(q4,q;) forall ¢;,q, €Y.
It follows from (10) that

1
d'(g,]'(9)) < 5

Let Y;:={r € Y|d'(g,r) < oo}. Then ]’ has a unique fixed point in the set ¥; by
Theorem 1.3. Therefore, there exists a unique mapping k: I' - I' such that k is the fixed
point of /' and k(a) :=1im 2 " g(2"a) forall « € I', and so

n

! 1 Vi ! 1
d'(9.0) < 7-d'0'(9).9) < 5
Hence (4) holds for all « € I'. Also we have

lim2~/¢,(27a,2/B) = 0.
]

Replacing a by 2™« and putting 8 = 0 in (3), we have k(ua) = uk(a) forall « € I and
all u € T. Now, by Lemma 1.2, k is C-linear.

It follows from (2) that

| D(aaa) — D(a)aa* — ak(a)a — aaD(a) |l

= lim
n

1 1 1 1
o (") - — (2 )aa 5 ag(2Ma)a - oz aaf (2|

= lim
n

1 1 1
2Tnf(Z"aozZ”OL) — ZTnf(Z”a)aZ"a* ~ 2"ag(a)2™a

1
~ e 2"aaf (2"a) ”

1 1
< llrrlnzTngbl(O,O, Z"a) < 1115112—n¢1(0,0, 2na) =0
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forall x,a € V,a € I'. Thus D is a Jordan k-+-derivation on (I"*, V).

Corollary 2.2. Let V be a I'*-Banach algebra over the complex field C. Suppose f : V —
V is a mapping satisfying f(0) = 0 and g:I" — I' is a mapping satisfying g(0) = 0 for
which there exist real numbers 6,,0, € [0,0) and p,t € (0,1) such that

s (552) + ur (F52) = £ ) + £ (aaa) - f(@aa ~ ag(@ra— aaf (@)
<O x 1P+ y IP+1 a lIP),

I g(ua + pp) — pg(a) —ug(B) I < 6l I*+ 11 B 1IY)

forall u € Tand all x,y,a € V,a, € I'. Then there exists a unique linear mapping k
from I to I satisfying

20,

2 all,

Il gla) —k(a) Il <

and there exists a unique Jordan k-+-derivation D:V — V such that

p

I £~ DG IS s

forallxeVanda €.

Proof. In Theorem 2.1, if we take ¢, (x,y,a) := 6;(ll x 1P+l y IP+Il a IIP) with L; =
2P71 and ¢, (a, B) := O0,(ll a I+l B IIY) with L, = 2t forall x,y,a €V, a,B €T,
then we get the desired result.

Now, we have the following superstability result of Jordan k-*-derivations.
Corollary 2.3. Let V be a I'*-Banach algebra over the complex field C. Suppose that

p,q,1,t,1,0,,60, are non-negative real numbers with 0 <p+q+r+1,0<t+1+
1 and suppose that f : V — V and g: I' - I" are mappings such that

s (52) + uf (F52) = £ ) + f(aaa) - f(@aa = ag(@a — aaf (@)
<O (hx Py 190 a ™),

I g(ua + up) — ug(a) — ug(B) 1< 6,(a Il B 1IY)

forallu e Tandall x,y,a €V, a,f € I'. Then f is a Jordan k-x-derivation on (I"*, V),
where k: I' — I' is a linear map.

Proof. Putting x =y =a =0 and u =1 in (11), we have that f(0) = 0. If we put
a=0and u = 1in(12), then we have g(0) = 0. Puttinga =y =0and u = 1in (11),

we conclude that 2f (g) = f(x) for all x € V, and by using induction we get f(x) =
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f(z—zx)forall x €Vandn € N. Ifweputa = and u = 1in(12), we have that g(2a) =

2g(a) for all « € I', and using induction again we get g(a) = g(z—:“) for all « € I" and

n € N. By referring to Theorem 2.1 when changing ¢, (x,y,a) :=6,(ll x IPIl y Il
al™) and ¢, (a, ) :=6,(ll a Xl B II') for all x,y,a €V and a, B € I', we can obtain
the desired result.

In 2009, A. Najati and C. Park [20] obtained the general solution of the following
functional equation

fQux +py) + f(ux + 2uy) = ulfBx)+fBy)] (wmeT) (13)

and they investigated the stability of homomorphisms and generalized derivations for
these functional equations on Banach algebras.

Lemma 2.4. [13] Let X and Y be linear spaces. A mapping f:X — Y satisfies the
functional equation (13) for all x,y € X and all u € T, if and only if f is C-linear.

Now we consider the Hyers-Ulam-Rassias stability of Jordan k-s-derivations in I'*-
Banach algebras with the functional equation (13).

Theorem 2.5. Let V be a I'*-Banach algebra over the complex field C. Suppose f:V —
V' is a mapping such that f(0) = 0 and g:I" = I' is a mapping such that g(0) = 0 for
which there exist functions ¢, : VXV XV — [0,00)and ¢, : I' X I' = [0, o0) satisfying

Il fQCux + py) + f(ux + 2uy) — ulfBx) + f(3y)] + f(aaa) — f(a)aa™ —
ag(a)a - aaf(a) ” < (pl(xl Y, a)’ (14)

Il g(ua + up) — ug(a) —ug(B) I < ¢,(a,p) (15)

forallu e Tandx,y,a €V, a,B €. Ifthere exist L;, L, < 1 such that

4¢,(x,y,a) < Lip,(2x,2y,2a) (16)

and ¢,(2a,2B) < 2L,¢@,(a,B) forall x,y,a € V, a, B € I', then there exists a unique
linear map k from I" to I" satisfying

1

I 9(@) = k(@) | < 55 @2(a, @), (17)

and there exists a unique Jordan k-x-derivation D: V — V such that

L
[ f(x) - D(X) < 4_—21141l)(x) (18)
forall x € V and a € I', where

Ve =91 (5,00) + 01 (=5,00) + 01 (5. =5.0) + 01 (3.-5.0)

119



Proof. It follows from 4¢,(x,y,a) < L1¢1(2x,2y,2a) that

(x y a
277 2)7 2]

li]r_n 2%, )=10

forall x,y,a € V. Puttingu = 1, y = a = 0 in (14), we get

I f(2x) + f(x) — f(Bx) Il < ¢1(x,0,0)

forall x € V. Hence

I(FC) + f(=x0) + (F2x) + f(=2x)) = (fFBx) + f(=3x))
SHfE)+7F2x) = fBx) I+ 1 f(=x) + f(=2x) — f(=3x) |
< 01(x,0,0) + ¢, (—x,0,0)

forall x € V. Lettingu =1, y = —x and a = 0 in (14), we have
I fC) + f(=x) = fFBx) = f(=3x) | < 91 (x, —x,0)

forall x € V. Therefore by (21) we have

Il G)+ 7 (=Dl = 01 (G 00) + 01 (=5.00) 00 (. 5.0

forall x e V. Lettingu=1,y = —Eand a = 0 in (14), we get
IrG)-7(-3)-r@[ = G.-5.0)

forall x € V. Hence, it follows from (22) and (23) that

ARSLAN B.

(19)

(20)

(21)

(22)

(23)

|27 5) = r | < 01 (5.00) + 91 (=5.00) + 01 (5.-5.0) + 01 (5. - 5.0) (24)

forall x € V, and so

l2r @) - reol| < v ) = 2w

forall x € V. Using a similar argument as the one used in the proof of Theorem 2.1, there

is a unique C-linear mapping D: V — V satisfying (18), and

o) = iy 2 ()

(25)

for all x € V. One can use the inequality (15) to show that there exist a unique linear

mapping k: I' = I' defined by k(a) := lim 27"g(2"a).
n—-o0o
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It follows from (14) that

| D(aaa) — D(a)aa® — ak(a)a — aaD(a) |l

= li7£n | 22" f (27" aaa) — 2" f (2 "a)aa* — a2 "g(2"a)a — aa2™f(27"a) |l

= lim | 27 (27 "aa2™a) — 22" f (2 "a)a2 "a* — 22" (2 "a)g(a)(27"a)
=222 "qaf (27 ") I

< lim4"¢,(0,0,27"a) =0
n
forall x,a € V,a € I'. Thus D is a Jordan k-+-derivation on (I"*, V).

Corollary 2.6. Let V be a I'*-Banach algebra over the complex field C. Suppose f: V —
V' is a mapping such that f(0) = 0 and g:I" — I" is a mapping such that g(0) = 0 for
which there exist 84,0, € [0, ) and p € (0,2), t € (0,1) satisfying

I fQux + py) + f(ux + 2uy) — uf (3x) — uf 3y) + f(aaa) — f(a)aa”™ —
ag(a@)a —aaf(a) || < 6,([lx]I” + llylIP + llallP),

I g(ua + up) — pg(a) —pug(B) I < 6, (llall* + 11811

forall w € Tand all x,y,a €V, a,f € I'. Then there exists a unique linear mapping
from I to I satisfying

20
lg(@) — k(@ < 5— llall’

and there exists a unique Jordan k--derivation D: V — V such that

2P + 4 X 3P 4 4P
3p(8 — 2p+1)

If () =Dl < 61 11x|1P

forallxeVanda er.

Proof. Put ¢, (x,y,a) := 0,(llx||” + [lylI” + llall’) and L; = 2P~*, and put ¢,(a, B)
= 0,(|lall® + ||1BII*) and L, = 2t forall x,y,a € V and a, B € I" in Theorem 2.5.

Now we consider the superstability of Jordan k--derivations with the functional equation
(13).

Corollary 2.7. Let V be a I'*-Banach algebra over the complex field C. Suppose that
p,q,1,t,1, 04,0, are non-negative real numberswith0 <p+q+r#2,0<t+1+#1
and suppose that f:V - V and g: I" — I' are mappings such that

I fQux + py) + f(ux + 2uy) — uf 3x) — uf 3y) + f(aaa) — f(a)aa™ —
ag(a@)a —aaf(a) I < 8. (lxIIP|lyll?llall™), (26)
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I gQua + pp) — pg(a) —pg(B) I < G,(llell*lIBIY (27)

forallpy e Tandall x,y,a € V, a,B8 € I'. Then fis a Jordan k-*-derivation on (I'*,V),
where k: I' — I' is a linear map.

Proof. Puttingx =y =a =0and u = 1in (26), we have f(0) = 0. Putting « = 0 and
u=1in(27), we get g(0) = 0. By puttinga =y = 0 and u = 1 in (26), we have that
f@x)+ f(x)—f(@Bx)=0forallx e V. Byputtingu =1, y = —xand a = 0 in (26),

we get f(x) + f(—x) — f(3x) — f(—3x) = 0 for all x € V. Hence, by using the last
two equations, we obtain that

—f2x) = f(x) + f(3x) — f(=2x) — f(=x) + f(=3x) + f(x) + f(—=x) — f(Bx) —
f(=3x) =0;

thatis, f(2x) + f(—2x) = 0 forall x € V. If we replace x by% , then we get
X X
rE)+r(-3)=0 (28)
forall x € V. Puttingu = 1,y = —>and a = 0 in (26), we have that
X X
FG)-r(=3)-re=o

forall x € V. From (28), we conclude that 2f (g) = f(x) forall x € V, and by induction
we get

f(2"x)
fe) ==
forall xeVandneN. If we puta =p and u =1 in (27), we have that g(2a) =
2g(a) for all @ € I', and using induction again we get g(a) = % forall « € I' and

n € N. Then, putting ¢, (x, y, @) == 6, (|lx|IPllyl|llall") and @ (a, B) := 6, (la*lI B1I")
forall x,y,a € Vand all a, 8 € I', we reach the desired result by Theorem 2.5.

3. Conclusion

As we pointed out in the introduction, in this paper we have studied the stability of

functional equations on I'*-Banach algebras which are more general than Banach x-
algebras. Some stability and superstability results of this new concept have been obtained
and the author thinks that by using various methods the results could be extended in the
future over other fields in which I"-algebras could be defined.
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Abstract

In this study, it was aimed to remove heavy metal copper from aqueous solutions by using
MWCNT-OH, which is a multi-walled carbon nanotube. Modelling and optimization were
performed using the Response Surface Method (RSM) and Artificial Neural Networks
(ANN). Model equations were derived by both methods. ANOVA analyses were performed
with RSM to determine the significance of the parameters on removal efficiency and
adsorption capacity. Contour graphs showing the binary parameter interactions were
obtained. Optimization was carried out to obtain the maximum removal efficiency and
maximum adsorption capacity using both RSM and ANN. Using RSM and ANN, the
maximum copper removal efficiencies were obtained at 45.1% and 39.1%, while the
maximum adsorption capacities were found to be 16.7 mg/g and 17.12 mg/g, respectively.
In addition, test experiments and modelling methods were compared, revealing that the
modelling capability of ANN was superior to that of RSM.

Keywords: Copper, carbon nanotubes, adsorption, response surface methodology,
artificial neural networks.

Karbon nanotiipler kullanilarak sulardan bakir gideriminin YYY
ve YSA ile modelleme ve optimizasyonu

Oz

Bu ¢alismada ¢ok duvarli karbon nanotiiplerden olan MWCNT-OH kullanilarak agir
metallerden bakirin sulu ¢ozeltilerden giderimi hedeflenmistir. Calismada modelleme ve
optimizasyon i¢in Yanit Yiizey Yontemi (YYY) ile Yapay Sinir Aglart (YSA) kullanimistir.
Her iki yontemle model denklemleri tiiretilmistir. YYY ile ANOVA analizi yapilarak

“Elif CALGAN, eliftekin@balikesir.edu.tr, https://orcid.org/0000-0002-6794-1863
Elif OZMETIN, eozmetin@balikesir.edu.tr, https://orcid.org/0000-0002-3318-4083

124


https://orcid.org/0000-0002-6794-1863
mailto:eozmetin@balikesir.edu.tr
https://orcid.org/0000-0002-3318-4083

CALGAN E., OZMETIN E.

parametrelerin giderim verimi ve adsorpsiyon kapasitesi iizerindeki anlamliliklarin
belirlenmigstir. Ikili parametre etkilesimlerinin goriildiigii contour grafikler elde
edilmistir. YYY ve YSA ile maksimum giderim verimi ve maksimum adsorpsiyon
kapasitesini elde etmek amaciyla optimizasyon yapimistir. RSM ve YSA kullamilarak,
maksimum bakir giderim verimleri %45,1 ve %39,1 olarak elde edilirken, maksimum
adsorpsiyon kapasiteleri sirastyla 16,7 mg/g ve 17,12 mg/g olarak bulunmustur. Ayrica
test deneyleri ile modelleme ydntemleri karsilastirilmistir. YSA'min  modelleme
kabiliyetinin YYY ye gore daha iyi oldugu goriilmiistiir.

Anahtar kelimeler: Bakir, karbon nanotiipler, adsorpsiyon, yanit yiizey metodolojisi,
yapay sinir aglari.

1. Introduction

Copper is one of the earliest metals used by humans since the beginning of civilization
[1]. Copper is widely used in industries such as electrical cables, air conditioning pipes,
plumbing, roofing, etc. owing to its high thermal and electrical conductivity, ease of
fabrication and installation, resistance to corrosion, high recyclability, pleasing
appearance, etc. [2]. The majority of copper pollution originates from activities such as
metal plating, electroplating, etching and engraving printing, pulp and paper
manufacturing, cardboard production, wood preservative factories, and the fertilizer
industry [3,4]. While copper (Cu?") is an essential trace element required for enzyme
synthesis, tissue and bone development in humans, it can become toxic and carcinogenic
when consumed above the recommended limits [5]. Various treatment methods have been
employed to remove Cu?* from water and wastewater, including chemical precipitation
[6,7], ion exchange [8,9], membrane filtration [10,11], flotation [12], electrochemical
treatment [13,14], coagulation/flocculation [15,16], and adsorption. Among these,
adsorption is the most commonly used method due to its ease of application and low
investment cost [2,17].

Carbon nanotubes (CNT) are composed of cylindrical sheets of graphite (an allotropic
form of carbon) wrapped in a tube-like structure [18]. CNTs are classified as single-
walled carbon nanotubes (SWCNTSs) and multi-walled carbon nanotubes (MWCNTS)
based on the number of layers they possess. MWCNTSs offer several advantages over
SWCNTSs, including bulk synthesis capability, catalyst-free production, and low
production cost [19]. CNTs are used for heavy metal (Pb, Cu, Hg, Cd, Ag, Ni, etc.)
removal from wastewater due to their large surface area and chemical stability [20-25].
In order to increase the adsorption capacity of CNTs for metal ions, oxygen-containing
functional groups are introduced through oxidation [26].

In this study, modeling and optimization of copper removal using MWCNT-OH from
multi-walled carbon nanotubes as adsorbent by RSM and ANN were aimed.

2. Material and methods

In the studies, MWCNT-OH, a multi-walled carbon nanotube obtained from Nanography

Nano Technology, was used as an adsorbent for copper removal from synthetic solutions.
Copper solutions were prepared using CuSO4.5H20 salt obtained from Horasan Kimya.
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A stock solution of 1000 mg/L was prepared from CuSQO4.5H,0 salt, and samples were
prepared through dilutions from the stock solution. 0.1 N HCI and NaOH solutions were
used for pH adjustments. Copper was determined by volumetric analysis. Preliminary
experiments indicated that the equilibrium time was 30 minutes.

RSM is used for experimental design, particularly when the process inputs (factors) affect
the process outputs. One of the significant advantages is its cost-effectiveness and time-
efficiency due to the limited number of experiments required [27,28]. Central composite
design (CCD), a type of RSM designs, is a standard method that that minimizes the
number of experiments needed to establish correlations between inputs and outputs
[29,30]. The mathematical expression of the second-order central composite RSM is
given in Equation (1).

k k k-1 k
Y =ﬂo+21ﬁixi+21ﬁnxf+;21ﬁuxix; 1)
i= i= i=l j=

In this equation, Y represents the second-order polynomial, o is the model constant, i,
Bii and B are the coefficients to be calculated [31,32].

For the experimental design of copper adsorption on MWCNT-OH as an adsorbent, the
CCD method of RSM was applied using Minitab 19 program. Based on the results of
preliminary experiments, four independent variables and their corresponding levels were
determined. Solid/liquid ratio (S/L), initial copper concentration, temperature and stirring
speed (SS) were determined as independent variables. The dependent variables are
removal efficiency and adsorption capacity. The experimental design consisted of four
factors, three levels, and seven center-point experiments for these factors, resulting in a
total of 31 sets of experiments. The factors and levels used in the experimental design for
copper adsorption with MWCNT-OH are presented in Table 1.

Table 1. Experimental design factors and levels.

Factor -1 0 +1
A- Solid/Liquid (S/L) (g/L) 1 2 3
B- Concentration (mg/L) 25 50 75
C- Temperature (°C) 20 30 40

D- Stirring speed (SS) (rpm) 100 200 300

100 mL of copper samples were taken and placed in polyethylene bottles, and the
adsorption process was carried out in the shaker for 30 minutes under the conditions
determined in the experimental design. At the end of the equilibrium adsorption time, the
samples were passed through a 0.2 um pore diameter syringe tip filter, and the copper
concentration was determined. Removal efficiency (%) and ge values, determined as
independent parameters were calculated according to Equation (2) and Equation (3),
respectively.

_ (CO _Ce)

0

R %100 (2)
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g, = Q=N @

m

where C, describes initial concentration of contaminants in the solution (mg/L), Ce
defines equilibrium concentration of contaminants in the solution (mg/L), V demonstrates
the solution volume (L), m stands for adsorbent quantity (g).

Artificial neural network (ANN) is a method inspired by human learning and responding
abilities by studying the function and structure of the nervous system in the human brain.
For this reason, they have a high success rate in the field of analyzing or modelling data
[33]. While forming the ANN model, it is not necessary to know the process in all the
details of the process or conduct various technical analyses. As a result of selecting the
network structure compatible with the available data, models with high accuracy can be
created. During the training of the network, the feed-forward back propagation artificial
neural network (FFBPANN) structure is formed as a result of updating the weights
determined by propagating the error rate obtained between the actual result in the dataset
and the model result backward [34]. The error rate obtained between the actual result in
the dataset and the model result is propagated backward during the training of the
network, leading to the creation of the FFBPANN model as a result of updating the
determined weights. Thus, by determining the most appropriate weights, the error rate
between the model result and the actual results is reduced to a minimum level,
maximizing the accuracy. In this study FFBPANN model was used.

The factors and levels given in Table 1 were also used in the ANN studies. In this study,
two different ANN equations were obtained by modeling the removal efficiency (%) and
ge values as independent variables using the 'nntool’ toolkit of the Matlab program. For
copper removal, an ANN model with an input layer consisting of 4 factors (S/L ratio,
initial copper concentration, temperature and stirring speed), a hidden layer consisting of
5 neurons and an output layer consisting of removal efficiency and adsorption capacity
was created. ANN experiments were carried out following the same procedure as the
RSM experiments.

3. Results and Discussion
The removal efficiency (%) and adsorption capacity (ge) values, calculated according to
the experimental design (RSM) and experimental results in copper adsorption studies

with MWCNT-OH, are given in Table 2.

Table 2. Experimental design and results for copper adsorption with MWCNT-OH.

No. | S/L Copper Conc. | Temperature | Stirring Speed | Removal Efficiency Qe
(g/L) (mg/L) O (rpm) (% (mg/g)

Exp. RSM Exp. RSM

A B C D Results Model Results Model

Results Results
1 1 25 20 100 15.79 17.44 3.81 5.18
2 3 25 20 100 31.58 30.50 2.54 2.56
3 1 75 20 100 19.66 18.82 14.61 13.47
4 3 75 20 100 26.50 26.12 6.57 6.36
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Table 2. (continued)

5 1 25 40 100 18.42 17.06 4.45 3.95
6 3 25 40 100 31.58 32.05 2.54 2.03
7 1 75 40 100 17.95 19.46 13.34 13.99
8 3 75 40 100 28.21 28.69 6.99 7.58
9 1 25 20 300 21.05 19.22 5.08 4.28
10 3 25 20 300 36.84 36.39 2.97 2.46
11 1 75 20 300 17.95 18.53 13.34 14.01
12 3 75 20 300 29.91 29.93 7.41 7.69
13 1 25 40 300 21.05 22.49 5.08 5.44
14 3 25 40 300 42.11 41.59 3.39 4.32
15 1 75 40 300 23.08 22.82 17.16 16.92
16 3 75 40 300 36.75 36.16 12.53 11.31
17 1 50 30 200 20.51 19.62 10.17 9.81
18 3 50 30 200 30.77 32.82 5.08 5.69
19 2 25 30 200 26.32 28.00 3.18 2.82
20 2 75 30 200 26.50 25.97 9.85 10.46
21 2 50 20 200 30.77 33.09 7.62 7.95
22 2 50 40 200 37.18 36.01 9.21 9.14
23 2 50 30 100 33.33 32.88 8.26 7.99
24 2 50 30 300 35.90 37,51 8.90 9.41
25 2 50 30 200 33.33 32.29 8.26 8.01
26 2 50 30 200 33.33 32.29 8.26 8.01
27 2 50 30 200 30.77 32.29 7.62 8.01
28 2 50 30 200 34.62 32.29 8.58 8.01
29 2 50 30 200 33.33 32.29 8.26 8.01
30 2 50 30 200 30.77 32.29 7.62 8.01
31 2 50 30 200 33.33 32.29 8.26 8.01

The correlation coefficient (R?) value for the removal efficiency of copper adsorption
with MWCNT-OH was found to be 0.9664. The equation derived from the model for the
removal efficiency is given in Equation (4). Using this equation, removal efficiency
values can be calculated without performing experiments by entering the desired
variables.

Re movalEfficiency(%) = 4.77 +30.25A+0.935B —1.542C

—0.1306D -6.07A* A—0.00849B * B + 0.0226C *C

+0.000290D*D —0.0576 A*B + 0.0485A*C 4)
+0.01028A* D +0.00102B*C —0.000207B*D

+0.000912C*D

The results of ANOVA analysis to determine the effect of independent variables on the
removal efficiency (%) for copper adsorption on MWCNT-OH are presented in Table 3.
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Table 3. ANOVA analysis for removal efficiency of copper adsorption with MWCNT-
OH.

. . F- P-
DF Adj SS Adj MS value | Value p<0,05
Model 14 1380.56 98.61 32.86 0.000 | Significant
Linear 4 936.95 234.24 78.05 0.000 | Significant
S/L (g/L) 1 783.83 783.83 261.19 | 0.000 | Significant
Copper Conc. (mg/L) 1 18.49 18.48 6.16 0.025 Significant
Temperature (°C) 1 38.34 38.34 12.78 0.003 | Significant
Stirring Speed (rpm) 1 96.29 96.29 32.09 0.000 | Significant
Square 4 371.07 92.77 30.91 0.000 Significant
S/L (g/L)*S/L (g/L) 1 95.64 95.63 31.87 0.000 Significant
Copper Conc. (mg/L)*Copper Conc. 1 73.06 73.06 24.34 0.000 | Significant
(mg/L)
Temperature ("C)*Temperature (°C) 1 13.29 13.29 4.43 0.052
Stirring Speed (rpm)*Stirring Speed 1 21.88 21.88 7.29 0.016 | Significant
(rpm)
2-Way Interaction 6 72.54 12.09 4.03 0.012 | Significant
S/L (g/L)*Copper Conc. (mg/L) 1 33.22 33.22 11.07 0.004 | Significant
S/L (g/L)*Temperature (°C) 1 3.76 3.76 1.25 0.279
S/L (g/L)*Stirring Speed (rpm) 1 16.90 16.89 5.63 0.031 | Significant
Copper Conc. (mg/L)*Temperature (°C) 1 1.04 1.04 0.35 0.565
Copper Conc. (mg/L)*Stirring Speed 1 431 4.30 1.43 0.248
(rpm)
Temperature (°C)*Stirring Speed (rpm) 1 13.32 13.32 4.44 0.051

When evaluating the p-values (p<0.05) given in Table 3, it can be observed that the model
exhibited significance for copper removal on MWCNT-OH, as well as for the parameters
S/L, copper concentration, temperature, and SS. Additionally, the binary parameters
S/L*S/L, Copper Concentration*Copper Concentration, SS*SS, S/L*Copper
Concentration and S/L*SS were found to be effective.

Contour graphs illustrating the effect of the other two parameters on the removal

efficiency of copper adsorption with MWCNT-OH, while keeping the two parameters
constant, are presented in Figure 3.
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Figure 3. Contour plots for removal efficiency (%) in copper adsorption with MWCNT-

OH.

The R? value for copper adsorption with MWCNT-OH was found to be 0.9733, and the
equation derived from the model for ge value is given in Equation (5).
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q.(mg/ g) =7.28+0.32A+0.3813B — 0.501C

~0.0496D — 0.263A* A—0.0022B* B

+0.00531C *C +0.000069D * D — 0.04493A* B (5)
+0.0174A*C +0.00201A* D +0.001755B*C

+0.000144B * D +0.000598C * D

The results of the ANOVA analysis to determine the effect of independent variables on
ge (Mg/g) for copper adsorption on MWCNT-OH are presented in Table 4.

Table 4. ANOVA analysis for adsorption capacity (ge) of copper adsorption with

MWCNT-OH.
DF | Adjss | Adims | J P- | p<0,05
Value | Value
Model 14 | 392.879 | 28.063 | 41.64 | 0.000 | Significant
Linear 4 | 354299 | 88.575 | 131.44 | 0.000 | Significant
S/L (g/L) 1 | 76.174 | 76.174 | 113.04 | 0.000 | Significant
Copper Conc. (mg/L) 1 | 262.703 | 262.703 | 389.84 | 0.000 | Significant
Temperature ("C) 1 6.399 6.399 9.50 | 0.007 | Significant
Stirring Speed (SS) (rpm) 1 9.023 9.023 13.39 | 0.002 | Significant
Square 4 6.404 1.601 2.38 | 0.096
S/L (g/L)*S/L (g/L) 1 0.180 0.180 0.27 | 0.613
*|
Copper ((:;%?]i ((rr?%//ll__)) Copper 1 4.908 4.908 7.28 | 0.016 Significant
Temperature (°C)*Temperature (°C) | 1 0.732 0.732 1.09 | 0.313
SS (rpm)*SS (rpm) 1 1.235 1.235 1.83 | 0.195
2-Way Interaction 6 | 32176 | 5.363 7.96 | 0.000 | Significant
S/L (g/L)*Copper Conc. (mg/L) 1 20.186 | 20.186 | 29.96 | 0.000 | Significant
S/L (g/L)*Temperature (°C) 1 0.485 0.485 0.72 | 0.409
S/L (g/L)*SS (rpm) 1 0.643 0.643 0.95 | 0.343
Copper Conc. (r(Tlgé/)L)*Temperature 1 3.081 3.081 4,57 0.048 Significant
Copper Conc. (mg/L)*SS (rpm) 1 2.066 2.066 3.07 | 0.099
Temperature ("C)*SS (rpm) 1 5.715 5.715 8.48 | 0.010 | Significant

According to the p values given in Table 4, it is evident that the model is significant in
copper adsorption on MWCNT-OH. The S/L ratio, copper concentration, temperature,
and SS, along with the binary parameters Copper Concentration*Copper Concentration,
S/L*Copper Concentration, Copper Concentration*Temperature, Temperature*SS are
found to be effective.

Contour graphs illustrating the effect of the other two parameters on copper adsorption

with MWCNT-OH, while keeping the two parameters constant for ge are given in Figure
4,
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Figure 4. Contour plots for ge in copper adsorption with MWCNT-OH.

In copper adsorption with MWCNT-OH, the conditions that maximized the removal
efficiency (%) and adsorption capacity were determined, and the average results of three
repeated experiments performed under these conditions are given in Table 5 and Table 6,
respectively.
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Table 5. Optimum conditions and results for copper removal efficiency (%).

Optimum Conditions RSM Model Eé{;.mlie\.‘/s;llt
S/L | Concentration | Temperature | SS Removal Efficiency
) o %)
(g/L) (mg/L) (°C) (rpm) | Efficiency (% (%)
2,7 45 40 300 42.2-47.9 45.1

Table 6. Optimum conditions and results for copper adsorption capacity (Qe).

Optimum Conditions RSM Model | Exp. Result

S/L | Concentration | Temperature | SS
g Ge (MQ/Q) ge (Mg/g)
(g/L) (mg/L) O (rpm)
1 75 40 300 15.5-18.3 16.7

As shown in Table 5 and Table 6, when the results of the experiments are compared with
the results predicted by the RSM, it is seen that the results are in agreement with the model
and are within the acceptable limit.

The ANN model for copper adsorption with MWCNT-OH was obtained using the
experimental design and results given in Table 7. The removal efficiency (%) and
adsorption capacity (ge) values calculated from this model are also given in Table 7.

Table 7. Experimental design and ANN model results for copper adsorption with

MWCNT-OH.
S/L Copper Temperature SS Removal Qe
(9/L) | Conc.(mg/L) §©) (rpm) | _Efficiency (%) (mg/g)
No Exp. ANN Exp. ANN
Result Model Result Model
A B C D Result Result
1 1 25 20 100 | 15.79 | 15.79 3.81 3.81
2 3 25 20 100 | 3158 | 31.58 2.54 2.55
3 1 75 20 100 | 19.66 | 19.66 | 14.61 | 14.61
4 3 75 20 100 | 26.50 | 26.50 6.57 6.57
5 1 25 40 100 | 18.42 | 18.42 4.45 4.45
6 3 25 40 100 | 3158 | 31.58 2.54 2.55
7 1 75 40 100 | 17.95 | 1795 | 1334 | 13.34
8 3 75 40 100 | 28.21 | 28.21 6.99 6.99
9 1 25 20 300 | 21.05 | 21.05 5.08 5.08
10 3 25 20 300 | 36.84 | 36.84 2.97 2.96
11 1 75 20 300 | 1795 | 1795 | 13.34 | 13.34
12 3 75 20 300 | 29.91 | 29.91 7.41 7.41
13 1 25 40 300 | 21.05 | 21.05 5.08 5.08
14 3 25 40 300 | 42.11 | 42.10 3.39 3.39
15 1 75 40 300 | 23.08 | 23.08 | 17.16 | 17.15
16 3 75 40 300 | 36.75 | 36.75 | 1253 | 12.53
17 1 50 30 200 | 2051 | 2051 | 10.17 | 10.17
18 3 50 30 200 | 30.77 | 30.77 5.08 5.07
19 2 25 30 200 | 26.32 | 26.32 3.18 3.18
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Table 7. (continued)

20 2 75 30 200 | 26.50 | 26.50 9.85 9.85
21 2 50 20 200 | 30.77 | 30.77 7.62 7.62
22 2 50 40 200 | 37.18 | 37.18 9.21 9.21
23 2 50 30 100 | 33.33 | 33.33 8.26 8.26
24 2 50 30 300 | 3590 | 3590 8.90 8.90
25 2 50 30 200 | 33.33 | 32.78 8.26 8.26
26 2 50 30 200 | 33.33 | 32.78 8.26 8.12
27 2 50 30 200 | 30.77 | 32.78 7.62 8.12
28 2 50 30 200 | 34.62 | 32.78 8.58 8.12
29 2 50 30 200 | 33.33 | 32.78 8.26 8.12
30 2 50 30 200 | 30.77 | 32.78 7.62 8.12
31 2 50 30 200 | 33.33 | 32.78 8.26 8.12

The removal efficiency and adsorption capacity ANN model was found and the mean-
squared error (MSE) values were reduced to 0.408 and 0.025 as a result of 100 iterations,
respectively. The R? value, which represents the correlation coefficient of the model
obtained from training, was found to be 0.99. The graph drawn to visualize the
compatibility between the experimental results of removal efficiency (%) and adsorption
capacity (ge) and the results obtained from the ANN model is presented in Figure 5.
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Figure 5. Training plot of ANN model for removal efficiency and adsorption capacity in
copper adsorption with MWCNT-OH.

To test and compare the accuracy of ANN and RSM models in copper removal with
MWCNT-OH, experiments were carried out under operating conditions not included in
the experimental design. The graphs comparing the results obtained are shown in Figure
6 and it is evident that the error rate of the ANN model in the test results is lower than the
RSM model.
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Figure 6. Test experiments for removal efficiency and ge in copper adsorption with
MWCNT-OH.

The copper adsorption with MWCNT-OH, the removal efficiency (%) and adsorption
capacity were optimized by ANN, and the optimum conditions and the average of the
experimental results with three repetitions are given in Table 8 and Table 9, respectively.

Table 8. Optimum conditions and results derived from ANN model for copper removal

efficiency (%).
Optimum Conditions ANN Model Exp. Result
S/L | Concentration | Temperature | SS Removal Removal
(g/L) (mg/L) (°C) (rpm) Efficiency (%) | Efficiency (%)
2.95 25 40 300 42.1 39.1

Table 9. Optimum conditions and results derived from ANN model for copper
adsorption capacity (mg/g).

Optimum Conditions

L ¢ —" T . ss ANN Model Exp. Result
oncentration | Temperature ge (Mg/g) ge (Mg/q)
(g/L) (mg/L) (C) (rpm)
1 75 32 300 17.11 17.12

4. Conclusion

In this study, considering the lack of copper removal studies with multi-walled carbon
nanotubes with different structures in the literature, copper removal from synthetic
solutions using MWCNT-OH was studied. Utilizing CCD in experimental design, both
RSM and ANN models were developed based on the experimental results. In copper
removal studies using MWCNT-OH, the R? values of RSM for removal efficiency (%)
and adsorption capacity were found to be 0.9664 and 0.9733, respectively. The R? values
of ANN model are calculated as 0.9955 and 0.9990 for removal efficiency (%) and
adsorption capacity. The accuracy of both models was verified through test experiments.
It was proven via these models, more results can be predicted with high accuracy without
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experiments. Finally, the optimal conditions, aiming for maximum removal efficiency
(%) and adsorption capacity, were determined. The optimal results provided by RSM and
ANN for the maximum copper removal percentage were 45.1% and 39.1%, respectively.
Additionally, for adsorption capacity (q), the values obtained were 16.7 mg/g for RSM
and 17.12 mg/g for ANN. Experimental studies confirmed that both model results closely
matched the experimental results. However, ANN demonstrated greater effectiveness
compared to RSM, attributed to its higher regression coefficient and modeling capability.
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Oz

Calisma, 2019 ve 2020 yillarinda Balikesir ilinin (Tirkiye), Edremit Korfez
Bolgesi’ndeki bes ilcenin (Edremit, Havran, Burhaniye, Gome¢ ve Ayvalik) zeytin
bahgelerinde kabuklubit (Hemiptera: Coccomorpha) tiirlerinin belirlenmesi ve bunlarin
dagilislarinin tespit edilmesi amaciyla yiiriitiilmiistiir. Ilgelere bagli bulunan 84 adet
lokasyondaki 679 adet zeytin bahcesinde drneklemeler yapilmistir. Siirveyler sonucunda
Coccidae (3), Diaspididae (2) ve Pseudococcidae (1) familyalarindan olmak tizere 6 adet
tir belirlenmistir. Bu tiirler; Filippia follicularis (Targioni Tozzetti), Lichtensia viburni
Signoret, 1873, Saissetia oleae (Olivier, 1791) (Coccidae), Leucaspis riccae (Targioni
Tozzetti, 1881), Parlatoria oleae (Colvée, 1880) (Diaspididac) ve Phenacoccus
madeirensis Green (Pseudococcidae) olmustur. Edremit Korfez Bolgesi’ndeki tiim
ilgelerde yaygin tiir olarak birgok zeytin bahgesinde S. oleae’ye rastlanirken, L. viburni
ve P. madeirensis yalnizca Edremit’teki zeytin bahgelerinde belirlenmistir. Caligsma
sonunda, Orneklenen zeytin bahgelerinin  %8.1’inin  Coccidae, Diaspididae ve
Pseudococcidae tiirlerinden herhangi biri ile bulasik olarak bulunmustur.

Anahtar Kelimeler: Edremit Kérfez Bolgesi, zeytin bahgeleri, kabuklubit, Coccidae,
Diaspididae, Pseudococcidae.

Scale insect species (Hemiptera: Sternorrhyncha: Coccomorpha)
in olive orchards of Edremit Bay Region (Balikesir, Turkey)

Abstract

This study was carried out to determine the species of scale insects and their distribution
(Hemiptera: Coccomorpha) in olive orchards in five districts (Edremit, Havran,

* Gonca VATANSEVER SAKIN, goncav@balikesir.edu.tr, https://orcid.org/0000-0003-1046-2455
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Burhaniye, Gome¢ and Ayvalik) in Edremit Bay Region, Balikesir Province (Turkey), in
2019 and 2020. The samples were collected from 679 olive orchards at 84 locations in
the districts. The following six species belonging to the families Coccidae (3),
Diaspididae (2) and Pseudococcidae (1) were recorded during the survey: Filippia
follicularis (Targioni Tozzetti), Lichtensia viburni Signoret, 1873, Saissetia oleae
(Olivier, 1791) (Coccidae), Leucaspis riccae (Targioni Tozzetti, 1881), Parlatoria oleae
(Colvée, 1880) (Diaspididae) and Phenacoccus madeirensis Green (Pseudococcidae).
Saissetia oleae was found in many olive orchards as a common species in all districts in
Edremit Bay, while L. viburni and P. madeirensis were determined only in olive orchards
in Edremit district. At the end of the study, 8.1% of the sampled olive orchards were
found to be infested with any of the Coccidae, Diaspididae and Pseudococcidae species.

Keywords: Edremit Bay Region, olive orchards, scale insect, Coccidae, Diaspididae,
Pseudococcidae

1. Giris

Meyve agaglarinda zararli birgok bocek tiirlii igerisinde kabuklubitler (Hemiptera:
Sternorrhyncha: Coccomorpha) 6nemli yer tutar. Farkli familyalara ait kabuklubit tiirleri
ergin ve ergin oncesi donemde, basta park ve siis bitkileri, sebzeler, orman agaglari,
meyve agaglar1 ve yabanci otlar gibi ekonomik 6nemde olan veya olmayan bir¢ok bitki
tirtinde beslenmektedirler [1]. Kabuklubit’ler, bitkinin govde, dal, yaprak, meyve, ¢igek
ve hatta koklerine yerlesen ve bitki 6zsuyunu emerek beslenen 6nemli zararh tiirleri
barindirirlar [2]. Bu zararlilarin bitkileri sokup emerek beslenmesi sonucu; bitki
gelisiminde durgunluk, yapraklarda sararma, erken yaprak dokiimii, meyvelerde sekil ve
renk bozukluklari ile birlikte kalite ve verim diismesi goriilmektedir. Daha ileri asamada
ise uc dallarda kuruma ve tiim bitkide Oliim goriilebilmektedir. Kabuklubit’lerin
beslenmesi sonucu zayiflayan bitkiler, diger hastalik ve zararli etmenlere karsi daha
duyarli hale gelmektedir [3-5]. Kabuklubit tiirleri (Coccomorpha), Sert kabuklubit’ler
(Diaspididae), Yumusak kabuklubit’ler (Coccidae) ve Unlubitler (Pseudococcidae) tiir
sayis1 bakimindan en zengin familyalar olup, daha bir¢ok familyay:1 icermektedir. Sert
kabuklubit’lerin diinya genelinde 2707 tiirii bulunmakta, Tiirkiye ise bu familyaya dahil
120 tirii barindirmaktadir [6]. Diaspididae tiirleri sert, kalkan seklinde bir kabugun
altinda yasarlar, konukcularinin parankima dokularinda beslenirler ve ballims1 madde
salgilamazlar [7]. Yumusak kabuklubit’lerin diinyada 1225 tiirii bulunmaktadir [1].
Tiirkiye’de simdiye kadar 28 cinse bagli 72 Coccidae tiirii tespit edilmistir [6]. Bu
familyaya ait tiirler sert kabuklubit’lerdeki gibi koruyucu bir kabuk icermezler. Disi
bireyler viicutlarinin {izerine az yada cok mumsu bir madde salgilayip bununla viicutlarini
kaplarlar. Bu tiirler yogun miktarda ballims1 madde salgilarlar. Pseudococcidae
familyasinin diinyada 2042 tiirii vardir [1]. Tirkiye’de ise bu familyanin simdiye kadar
120 tiirti tanilanmistir [6]. Unlubitlerin birgok tiirii bitkilerin 6zsuyunu emerek dogrudan
ve dolayli olarak zarar verebildikleri gibi, viriis tasiyiciligi yaparak da ekonomik olarak
onemli zarar olustururlar [8]. Coccidae ve Pseudococcidae tiirleri viicutlarindan disariya
ballims1 bir madde salgilarlar. Bu ballims1 madde; saprofit mantarlarin gelismesi,
havadaki toz gibi maddelerle birleserek bitki {izerinde karaballik veya fumajin ismi
verilen bir tabaka olusturur. Fumajin, bitki ylizeyini kaplayarak, fotosentez yapimini
engellemekte ve boylece bitkilerin gordiigli zarar1 daha da arttirmaktadir [3, 9].
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Zeytin (Oleae europaea L.), Akdeniz iklimine sahip 1liman bdolgelerin vazgegilmez bir
agag tiirtidiir. Agacin meyvesi yaglik ve sofralik olarak tiiketilebildigi gibi kozmetik, ilag¢
sanayisi ve endiistri alaninda da kullanilabilmektedir. Ulusal Zeytin ve Zeytinyagi
Konseyi’nin (UZZK) 2022 yili verilerine gore Tiirkiye ekonomisi i¢in olduk¢a 6nemli
olan zeytin agacinin iilkemizde meyve veren agac sayis1 167 652 603 adettir. Ulkemiz
zeytinciliginin 6nemli merkezlerinden biri olan Balikesir ili 11 402 687 adet ile
Tiirkiye’nin meyve veren zeytin agaci sayisinin %6.8’ini, Edremit Korfez Bolgesi
(Edremit, Havran, Burhaniye, Gomeg¢ ve Ayvalik) ise 9 697 909 adet agag ile ilin
%85.05’1ni igermektedir [10].

Zeytin agaglart ve zeytin meyvesi bazi zararli bocekler tarafindan siirekli tehdit
edilmektedir. Tiirkiye’de zeytin yetistiriciliginin yapildigi baz1 illerdeki zeytin
bahgelerindeki ana ve ikincil zararlilarinin tespiti ve yayilis alanlar1 konusunda bugiine
kadar yapilmis bazi1 temel ¢alismalar bulunmaktadir [11-14]. Balikesir ili 6zelinde ise 16
ilcede 2014-2016 yillar1 arasinda, ekonomik Oneme sahip olan zeytin, ceviz, elma,
mandarin, seftali, erik, dut ve ayva bahgelerinden 150 ayr1 bolgede 6zellikle sokucu emici
agi1z yapisina sahip kabuklubitler konusunda tek bir ¢alisma yapilmistir [15]. Balikesir ili
Edremit Korfezi diinyanin en kaliteli zeytin ve zeytinyaginin iiretildigi bolgelerden biridir
[16, 17]. Ayrica, Edremit Korfez Bolgesi zeytinleri (Edremit Korfezi yesil ¢izik zeytini)
ve zeytinyaglar1 (Edremit zeytinyagi, Ayvalik zeytinyagi) hem Tiirk Patent ve Marka
Kurumu hem de Avrupa Birligi komisyonu tarafindan tescillenmis “Cografi Isaret’e
sahiptir [18, 19]. Bunlara ragmen literatiirde, Edremit Korfez Bolgesi zeytin bahgeleri
0zelinde kabuklubit calismasi bulunmamaktadir. Dolayisiyla bu caligmada, yukarida
detaylandirildig1 gibi zeytin agaci varligi, zeytin/zeytinyag iiretim miktar1 bakimindan
Tiirkiye’nin ¢ok dnemli bir bolgesi olan ve zeytin/zeytinyagi kalitesi agisindan da diinya
capinda tescilli olan Edremit Korfez Bolgesi’ndeki zeytinliklerde kabuklubit tiirlerinin
daha detayli tespit edilmesi amaglanmaistir.

2. Materyal ve metot

Caligsma 2019 ve 2020 yillarinda, Balikesir ilinin bat1 kisminda yer alan Edremit Korfez
Bolgesi’ndeki Edremit, Havran, Burhaniye, Gomec¢ ve Ayvalik ilceleri ile bunlara bagh
koylerdeki zeytin bahgelerinde yiiriitiilmiistiir. Orneklemeler, her iki yilda da nisan ay1
basindan aralik ay1 sonuna kadar haftalik olarak yapilmis, genellikle zeytinliklerin yilda
iki kez 6rneklenmesine 6zen gosterilmistir. Her merkez ve kdy sinirlart igerisinde en az
3 en fazla 7 bahgede 6rnekleme yapilmistir. Her bahcede, ortalama 15 aga¢ olmak tizere
10-30 arasinda ve toplamda 679 zeytin bahgesinde ornekleme yapilmigtir. Caligma
stiresince Edremit Korfez Bolgesi’nde 6rnekleme yapilan zeytinlik lokasyonlari ve bahge
sayilar1 Tablo 1°de verilmistir. Arazi ¢alismalar1 bolgedeki meyve veren ve vermeyen
toplam zeytin agag sayisinin yaklasik %0.1’ine karsilik gelecek sekilde siirvey ¢alismalari
seklinde yiiriitiilmiistiir. Dolayisiyla bahgelerdeki toplam agac sayisi ile kontrol edilen
agag sayisi i¢in Lazarov ve Grigarov [20] 'un 6nerdigi 6rnekleme yontemi kullanilmis
olup, onerilen drnekleme sayis1 bu ¢alismada fazlasiyla karsilanmistir. Tesadiifen girilen
bahcgelerde zeytin agaclarinin govde, siirgilin, dal ve meyveleri gozle kontrol ve Japon
semsiyesi yontemleri ile 6rneklenmistir. Sekil 1°de 6rneklenen bazi yaprak ve meyvedeki
kabuklubitler gériilmektedir. Ornekleme ydntemlerinin yani sira kabuklubitlerin
varligiin belirlenmesinde en belirleyici yontem olarak “karinca varligima” dikkat
edilmistir [21]. Bulasik olan aga¢ materyalleri budama makasi ile kesilerek, dnce kagit
parcalarina sarilmis, sonra da naylon torbalar igerisine etiketlenerek konulmustur.
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Ornekler buz kutusu icerisinde laboratuvara gétiiriilmiistiir. Kabuklubitler mikroskop
altinda incelenerek bir igne yardimiyla materyal iizerinden alinarak, igerisinde %70’lik
etil alkol bulunan ependorf tiiplerine konulmustur. Bu sekilde etiketlenerek hazirlanan
ornekler teshis icin hazir hale getirilmistir. Elde edilen 6rnekler, Prof.Dr. Mehmet Bora
Kaydan (Cukurova Universitesi, Adana) tarafindan teshis edilmistir.

Tablo 1. Edremit Korfez Bolgesi’nde kabuklubitlerin 6rneklenmesinde ziyaret edilen
ilce merkezi, kOy ve bahge sayilar1 (2019-2020).

Merkez ve | Bahge

koy sayis1 | sayisi

Iiceler  |Orneklenen Lokasyonlar

Altinoluk, Artasi, Avcilar, Beyoba, Bostanci,
Camci, Camlibel, Cikrik¢i, Dereli, Doyran, Giire,
Edremit |Haciarslanlar, Kadikéy, Kavlaklar, Kizilkegili, 25 283
Mehmetalan, Merkez, Narli, Ortaoba, Pinarbasi,
Tahtakuslar, Yagyer, Yaylaonii, Yoloren, Zeytinli
Biiylikdere, Camdibi, Deredren, Eseler, Fazlica,
Halilar, Hallaglar, inénii, Kalabak, Karaoglanlar,
Kocadag, Kocaseyit, Koyliice, Kiiciikdere, Merkez,
Sarnig, Tepeoba, Temasalik

Agacik, Avunduk, Bahadinli, Borezli, Camtepe,
Coruk, Dutluca, Hisarkdy, Kizikli, Pelitkdy, P. Sahil,
Stibeylidere, Sahinler, Sarkdy, Taylieli, Yabancilar,
Yunuslar

Dursunlu, Gémeg¢ Sahil, Hacihiiseyinler, Hacioglu,
Merkez,

Karaagag, Karaaga¢ Sahil, Keremkdy, Kumgedik,
Kuyualani, Ulubeyler

Altinova, Bagyiizii, Cunda Adasi, Cakmak,

Ayvalik |Haciveliler, Kircalar, Kiigiikkdy, Merkez, Murateli, 13 92
Mutlu, Tifillar, Tlirk6zi, Yenikoy

Havran 18 113

Burhaniye 17 114

Gomeg 11 77

Toplam 84 679

7 (b)

-b) ‘yaprakté (Lichtensia viburni) ve c-d) meyvede (Leucaspis riccae)
kabuklubit ile zarar 6rnekleri

» ;

Sekil . a
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3. Sonugclar ve tartisma

Tiirkiye’de yapilan baz1 c¢alismalardaki siirveyler bolgedeki aga¢ sayisinin %0.01°de
gerceklestirilirken [12, 22], bu ¢alismadaki siirveyler ise bolgedeki toplam zeytin agaci
sayisinin %0.1’inde gerceklestirilmistir. Tablo 2’de goriildiigii gibi Edremit Korfez
Bolgesi’nde Coccidae familyasindan 3 tiir, Diaspididae familyasindan 2 tir ve
Pseudococcidae familyasindan ise yalnizca 1 tiir belirlenmistir.

Tablo 2. Edremit Korfez Bolgesi’nde kabuklubitlerin tiirti, familya ismi ile
belirlendikleri lokasyonlar ve bahge sayilar1 (2019-2020)

Familya Tiir Ilge Lokasyonlar
Ayvalik | Kiiclikkdy
e . . Burhaniye | Kizikli, Sarkdy
Filippia follicularis Edremit |Haciarslanlar
Havran Camdibi, Kocadag, Merkez
. L . . Kadikoy, Kizilkegili,
Lichtensia viburni Edremit Mehmetalan, Zeytinli
Altinova (2)", Cunda Adasi,
Coccidae Ayvalik Merkenz, Murateli, Tiirkozii,
Yenikoy
Burhaniye Sarkoy, 'Tayh“eh, Pelitkdy
Saissetia oleae - Sahil, Hisarkoy
Edremit | Cikrike¢l, Ortaoba
Havran Camdibi, Inénii, Kalabak,
Kocadag, Koyliice, Merkez
Géme Dursunlu, Karaagac Sahil,
¢ Keremkdy, Kuyualan
Ayvalik | Yenikdy
. . Camlibel, Kadikdy,
Leucaspis riccae Edremit Kizilkecili, Mehmetalan (2)°
Havran  |Fazlica, Kocadag, Kdyliice
L Ayvalik  [Kiigiikkdy
Diaspididae :
P Dereli, Haciarslanlar,
. . Mehmetalan, Kizilkegili,
Parlatoria oleae Edremit Pinarbast, Tahtakuslar, Y asyer
Yoloren, Zeytinli
Havran  |inénii
Pseudococcidae |Phenacoccus madeirensis |Edremit | Merkez

*Parantez icerindeki sayilar, adi gegen lokasyondaki ilgili bahgelere farkli tarihlerde iki kez ziyaret edilip
ornekleme yapildigini ifade eder.

Calismanin sonucunda, Edremit Korfez Bolgesi’nde iki yilda 6rnekleme yapilan 84 adet
merkez ve kdy lokasyonundaki 679 zeytin bahgesinin en az %38.1’inde Hemiptera
takimimin Coccidae, Diaspididae ve Pseudococcidae tiirlerinden herhangi biri ile bulasik
oldugu bulunmustur. Ayvalik’ta 10, Burhaniye’de 6, Edremit’te 22, Gomeg’te 4 ve
Havran’da 13 lokasyonda olmak iizere toplamda 55 farkli lokasyondaki bahgelerde
kabuklubit tiirleri tespit edilmistir (Tablo 2).
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Iki yillik calisma siiresine Edremit Korfez Bolgesi zeytin bahgelerinde belirlenen
kabuklubitlerin isimleri, nerede ve kag¢ bahg¢ede bulunduklar1 Tablo 2’de, hangi yilda ve
hangi tarihte bulunduklari ise Sekil 2’ verilmistir.

* *¢ S0 VNN ¢

= 22 o

a ® Phenacoccus madeirensis Green

3 20 O Lichtensia viburni Signoret, 1873

218 A Filippia follicularis (Targioni Tozzetti)

S A Leucaspis riccae (Targiom Tozzetti, 1881)

o 16 & Parlatoria oleae (Colvée, 1880)

i 14 & Suaissetia oleae (Olivier, 1791)

% 12
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>
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Sekil 2. Edremit Korfez Bolgesi’nde bulunan ilgelerde kabuklubitlerin belirlendigi
lokasyonlarin (bahgelerin) tespit tarihlerine gore sayisi ve dagilimi

3.1. Saissetia oleae (Olivier)

Calismada 6rnekleme yapilan toplam 679 bahgenin 23’iinde Saissetia oleae (Zeytin
karakosnili)’ye rastlanmistir. Boylece, Edremit Korfez Bolgesi zeytin bahgelerinde
yaygin tiir S. oleae olarak tespit edilmistir (Sekil 2, Tablo 2). Havran ‘da 6, Ayvalik ’ta
7, Burhaniye ve Gomeg ’te 4 adet zeytin bahgesinde S. oleae belirlenmistir. Edremit’te
ise bu zararliya Cikrik¢i ve Ortaoba’daki birer bahcede rastlanmistir (Tablo 2). Zararli S.
oleae, 2019 yili Agustos ve Eyliil aylarinda sadece Ayvalik (Altinova) ve Havran
(Koyliice)’de tespit edilirken, 2020 yilinda Mayis’tan Ekim’e kadar tiim ilcelerde
belirlenmistir (Sekil 2).

3.2. Parlatoria oleae (Colvée)

Tablo 2 incelendiginde, Parlatoria oleae (Zeytin kabuklubiti)’nin bélgedeki 11 bahgede
var olup en ¢ok rastlanan ikinci tiir oldugu goriilmektedir. Bu zararli Ayvalik, Edremit ve
Havran’da belirlenmis olup Burhaniye ve Gomeg’te 6rnekleme yapilan bahgelerde ise P.
oleae’ye rastlanmamistir. P. oleae, dokuz bahge ile en yaygin olarak Edremit’te
belirlenmistir. Havran’da Inénii ve Ayvalik’ta yalnizca Kiiciikkdy’deki bahgelerde not
edilmistir. Bolgede P. oleae 2019 yilinin Agustos, Eyliil ve Ekim aylarinda tespit
edilirken, 2020 yilinda ise sadece Eyliil ve Ekim’de rastlanmistir (Sekil 2).

3.3. Leucaspis riccae (Targioni Tozzetti)

Leucaspis riccae (Zeytin virgiil kabuklubiti) Edremit, Havran ve Ayvalik il¢elerinde
belirlenmis, Burhaniye ve Gomec’te ise rastlanmamigstir. Edremit’te 5, Havran’da 3,
Ayvalik’ta ise bir tek koyiin sinirlart icerisinde kalan zeytin bahgelerinde belirlenmis,
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toplamda 9 lokasyonda rastlanmistir (Tablo 2). L. riccae, 2019 yili Ekim ayinda sadece
Edremit (Mehmetalan)’da, 2020’de ise Agustos-Kasim arasinda tespit edilmistir (Sekil
2).

3.4. Filippia follicularis (Targioni Tozzetti)

Filippia follicularis, Gome¢ disindaki tiim ilgelerde bulunmus, ancak Orneklenen
bahgelerden sadece 7’sinde tespit edilmistir. Zararli en fazla Havran ilgesindeki 3
lokasyonda (Camdibi, Merkez, Kocadag), Burhaniye’de 2 lokasyonda (Kizikli, Sarkdy),
Edremit ve Ayvalik ilgelerinde ise yalnizca sirasiyla Haciarslanlar ve Kiiciikkdy’de
belirlenmistir (Tablo 2). Bahgelerde yalnizca 2019 yilinda rastlanmis olup 2020 yilinda
bulunamamistir (Sekil 2).

3.5. Lichtensia viburni Signoret

Lichtensia viburni sadece Edremit ilgesinde birbirine sinir olan Kadikéy, Mehmetalan,
Zeytinli ve Kizilkegili’deki 4 lokasyonda bulunan zeytinliklerde belirlenmistir (Tablo 2).
L. viburni galismada ilk y1l tespit edilmis ve bir daha rastlanilmamustir (Sekil 2).

3.6. Phenacoccus madeirensis Green
Yapilan ¢alismada P. madeirensis (Melisa unlubiti) tek bir lokasyonda sadece Edremit
ilge merkezinde 2019 yilinda belirlenmistir (Tablo 2 ve Sekil 2).

3.7. Edremit Korfezi zeytin alanlarinda bulunan kabuklubitlerin dagilimlari

Ege Bolgesi’nin, Kiy1 Ege Boliimii’nde yer alan Edremit Korfez Bolgesi’nde yapilan bu
iki y1llik ¢alisma sonucunda; zeytin agaclarinda belirlenen kabuklubit tiirlerinin igerisinde
en yaygin tiiriin %3.4 ile S. oleae oldugu ortaya ¢ikarilmistir. Benzer sekilde, Ulgentiirk
ve ark., S. oleae’nin Tiirkiye’de Akdeniz, Ege, Orta Anadolu, Marmara ve Karadeniz
Bolgesi zeytin bahgelerinde ekonomik 6nemde bir zararli oldugunu bildirmislerdir [4].
Kacar ve ark., tarafindan Dogu Akdeniz Bolgesi zeytin alanlarinda yapilan bir ¢aligmada
ise S. oleae’nin L. riccae’den sonra ikinci sirada olup, 761 bahgenin 30’unda bulasik
(%3.9) oldugunu tespit edilmistir [12]. Sisman ve Ulgentiirk yaptiklar1 ¢alismada ise S.
oleae’nin Kuzey Kibris Tiirk Cumhuriyeti zeytin agaclarinda ekonomik 6nemde bir
zararl olmadigini belirtmislerdir [23]. S. oleae’nin Akdeniz Bolgesi zeytin agaglarinda
en yaygin bulunan kabuklubit tiirii oldugu ve ¢ok fazla bulasiklik olmasi durumunda
zeytin iiretiminin birkag yil duraksayabilecegi bildirilmistir [24]. Hirvatistan’da yapilan
bir calismada ise zeytin agaglar1 lizerinde 12 adet kabuklubit tiirii tespit edilmis ve
bunlardan da en 6nemlisinin S. oleae oldugu tespit edilmistir [25].

Parlatoria oleae (Zeytin kabuklubiti), %1.6 tespit oraniyla Edremit Korfezinde S. oleae
(Zeytin karakosnili)’den sonra en yaygin olan ikinci tiirdiir. Dogu Akdeniz Bolgesi zeytin
alanlarinda yapilan ¢aligmada P. oleae’nin kontrol edilen tiim bahgelerin %2.5‘unda
olmak {tizere S. oleae’den sonra tigiincii sirada yer aldigi belirlenmistir [12]. Kaplan ise
2014-2015 wyillarinda Mardin ili zeytin bahgelerindeki c¢alismasinda, Zeytin
kabuklubitinin ¢ok diisiik oranda bulundugunu ve ikincil bir zararli durumda oldugunu
belirlemistir [13]. Tunus’ta yapilan bir ¢alisma, zeytin alanlarinda birgok kabuklubit tiiri
bulundugunu ancak en az popiilasyona sahip olanin P. oleae oldugu bildirilmistir [26].

Leucaspis riccae (Zeytin virgiil kabuklubiti) %1.3 orani ile en yaygin {igiincii tiir olarak
kaydedilmistir. Cetin ve Alaoglu’nun [14] Mersin ili Mut ilgesi zeytinliklerinde yapilan
caligmalarinda ise; Zeytin virgiil kabuklubitinin tamamen zeytin agag¢larindan olusan
bahgelerde popiilasyon yogunlugunun diisiik oldugu (%2.7-10.0), fakat yerlesim alanlari
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icerisindeki ev bahgelerinde veya az sayida zeytin agact bulunan bahgelerde yogunlugun
cok yiiksek (8-10 adet/yaprak ve 30-35 adet/dal) oldugu goriilmiistiir. Bu ¢alismada, L.
riccae’nin agacin tiim organlarinda (yaprak, dal ve meyvede) bulasik oldugu tespit
edilmistir. Edremit Korfezi ile birlikte genel olarak Ege ve Marmara Bolgesi’nde hakim
tiirler olan S. oleae ve P. oleae’nin aksine, Akdeniz Bolgesi zeytin bahgelerinde en yaygin
tirtin L. riccae (%7.5) oldugu kaydedilmistir [12].

Filippia follicularis tim Edremit Korfez Bolgesi’nde kontrol edilen bahgelerdeki
bulasiklik oran1 %1.0 seviyesindedir. Benzer sekilde Akdeniz Bolgesi zeytin alanlarinda
F. follicularis’in bulundugu ancak siirveyi yapilan 761 bahgenin yalnizca 10’unda
(%1.31) bu zararhya rastlandigi belirtilmistir [12]. Mut (Mersin) ilgesi zeytinliklerinde
yapilan ¢alismada F. oleae (Costa) (F. follicularis’in sinonimidir) sadece tek bir
lokasyonda tespit edilmistir [14].

Calisma sonucunda tiim lokasyonlarda en az rastlanan iki tiir L. viburni (%0.6) ile P.
madeirensis (%0.1)’dir. Benzer sekilde L. viburni Kuzey Kibris Tirk Cumhuriyeti’nde
sadece 3 lokasyondaki zeytinliklerde belirlenmis ve Ulke zeytinleri igin ekonomik bir
zararli olmadig: bildirilmistir [23]. Melisa unlubiti, P. madeirensis olduk¢a polifag ve
istilact bir tiir olup, Tiirkiye’de ilk kez 2010 ve 2011 yillarinda Adana, Antalya ve
Canakkale’de tespit edilmistir [27]. Ayrica P. madeirensis’in Mersin ili siis bitkilerinde
varhigi kayit altina alinmistir [28].

Zeytin agaci, meyvesi, zeytinyagl ve diger yan irilinleriyle basta Tiirkiye ve Edremit
Korfezi’nin ekonomisi i¢in olduk¢a dnemlidir. Calisma siiresince yapilan gézlemlerde,
bolgedeki kabuklubit popiilasyonunun zeytin bahgeleri i¢cin ekonomik bir zarar diizeyine
ulagsmadigi, halen ikincil zararli durumda oldugu goézlenmistir. Bu durumun, 6ncelikle
bolgedeki zeytinin ana zararlilarina uygulanan ilaglamalarin etkilerinden ve
kabuklubitlerin dogal diismanlarinin varligindan kaynaklandig: diisiiniilmektedir. Ancak,
bu calisma ile Edremit Korfez Bolgesi zeytinliklerindeki kabuklubitlerin dogal
diismanlarinin belirlenmesi, bu dogal diismanlarin konukgular1 ile miicadelesindeki
etkinlikleri ve kabuklubit tiirlerinin zarar durumlar: gibi ileride yapilacak bir¢ok dnemli
calisma i¢in temel olusturulmustur.
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Oz

Bu ¢alisma Eti Maden Bigadi¢ Bor Isletme Miidiirliigiinde bulunan birbirinden uzak
konumlardaki 7 iiretim tesisine ait enerji tiiketim verilerinin takibinin manuel yontemlerle
yvapilmasi, yanls okumalardan kaynakli hatali verilerin iglenmesi ve karsilasilan cezai
durumlarin éncesindeki degerlerin takibinin yapilamamasi ve farkli birimlerdeki enerji
yoneticilerinin enerji merkezlerine uzak olmalar: problemlerine bir ¢oziim tiretmek
amaciyla yapilmistir. Diinyada endiistriyel tesislerde enerji yonetim sistemleri bu
calismaya benzer metotlarla IBM-SPSS veya PLS-SEM gibi veri analiz yazilimlart ile
modellenmekte ve tek bir merkezden ydnetilebilmektedir. Bu ¢alismada uygulanan
yontem ise bir SCADA sisteminde toplanan verilerin PLC (Programmable Logic
Controller) iinitesine aktarilmasi ve bu sistemde takibinin yapilmasi seklindedir. Veriler
enerji analizorleri vasitasiyla MODBUS RS485 haberlesme protokolii kullanilarak
merkezi bir SCADA sisteminde toplanmistir. Bir sonraki asamada enerji analizoriindeki
bilgiler PLC (Programmable Logic Controller) iinitesine aktarilmistir. Sistem sayesinde
tesislerin sebekeden c¢ektigi aktif gii¢ icin detayli grafikler olusturularak aktif giic
analizinin yapilmas: saglanmistir. Boylelikle konum olarak birbirinden uzak ve ulagimi
zor tesislerin elektrik enerjisi verileri tek bir merkezde toplanmis ve enerji siiregleri
yonetilebilir hale getirilmistir. Uygulama sonrasi manuel okumalardan kaynakli sorunlar
ortadan kalkmus, tiiketilen elektrik enerjisine ait kritik veriler tek merkezden kontrol
edilebilir hale getirilmis ve farkli konumlardaki enerji yoneticilerinin enerji izleme
sistemine kolay bir sekilde erigebilmesi saglanmuistir.

Anahtar kelimeler: Enerji izleme, enerji verimliligi, scada, modbus.
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VANLI M.F., AKDAS D.

Designing the energy monitoring automation with PLC and Scada
of 7 facilities in Eti Maden Bigadic Boron Operations Directorate

Abstract

In this study is a solution to the problems of following up the energy consumption data of
7 production facilities in remote locations in Eti Maden Bigadi¢ Boron Operations
Directorate with manual methods, processing erroneous data due to incorrect readings,
not being able to follow up the values before the penal cases encountered, and the energy
managers in different departments being far from the energy centers. Energy
management systems in industrial facilities around the world are modeled with data
analysis software such as IBM-SPSS or PLS-SEM with methods similar to this study and
can be managed from a single center. The method applied in this study is to transfer the
data collected in a SCADA system to the PLC (Programmable Logic Controller) unit and
follow up in this system. Data were collected in a central SCADA system using the
MODBUS RS485 communication protocol by means of energy analyzers. In the next step,
the information in the energy analyzer is transferred to the PLC (Programmable Logic
Controller) unit. Thanks to the system, detailed graphics were made for the active power
drawn by the facilities from the grid, and active power analysis was provided. Thus, the
electrical energy data of the facilities that are far from each other and difficult to access
in terms of location have been collected in a single center and energy processes have
been made manageable. After the application, the problems caused by manual readings
were eliminated, the critical data of the consumed electrical energy was made
controllable from a single center and energy managers in different locations were able
to access the energy monitoring system easily.

Keywords: Energy monitoring, energy efficiency, scada, modbus..

1. Giris

Giliniimiizde elektrik enerjisi tliretebilmek i¢in bircok kaynak ve yontem bulunmakta
birgok farkli uygulama karsimiza c¢ikmaktadir. Azalan kaynaklar, kaynaga ulasmakta
yasanan zorluklar ve lretimin ¢evreye olan etkisi gibi sebepler daha elektrik enerjisi
tiretirken bile ciddi sorunlar olusturmaktadir. Kayar ve arkadaslarinin yaptig1 ¢alismada
tilkemizin 1960-2019 yillar1 arasinda elektrik enerjisi tiikketiminin siirekli olarak artig
gosterdigi ve kiiresel elektrik enerjisi talebinin 2035 yilina kadar en az {igte bir oraninda
yiikselecegi belirtilmistir[1]. Enerji ve Tabii Kaynaklar Bakanliginin 2019 yilinda
yayinlanan raporuna gore, 2019-2039 doneminde Tiirkiye elektrik enerjisi talep beklenti
sonuglariin yillik bazda talep ve degisim oranlari tablosuna goére 2030 yilinda
Tiirkiye’nin elektrik enerjisi talebi {i¢ farkli senaryoda tahmin edilmis ve Senaryo 1’e
gore 453 TWh, Senaryo 2’ye gore 481.7 TWh, Senaryo 3’e gore 515,4 TWh olarak
ongoriilmiistiir [2]. Ulkemizin 2021 yili Ekim ayinda Paris Anlasmasi ¢ercevesinde
alan 2053 yilina kadar net sifir karbon emisyonu hedefine iliskin karar1 bile enerjiyi
tiretirken iilkemizi yenilenebilir kaynaklara yoneltmis ve yatirimlarini bu kaynaklara
ayirmaya zorlamistir. Uretimi bu kadar stratejik ve mesakkatli olan elektrik enerjisini
tiiketirken en verimli yontemleri kullanmak ¢ok 6nemli hale gelmistir. Elektrik enerjisi
tilketimini ve buna dayali olarak ortaya ¢ikan maliyetleri en aza indirebilmek i¢in en etkin
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yontem enerji yOnetim ve izleme sistemlerinin mevcut isletmelere uyumlu hale
getirilmesi olacaktir.

Enerjinin verimli kullanilmasinda ¢ok ©onemli bir kavram olarak enerji yogunlugu
kavrami karsimiza gikmaktadir. Enerji yogunlugu, GSYIH (Gayri Safi Yurtici Hasila)
basina tiiketilen birincil enerji miktarini temsil eden ve tiim diinyada kullanilan bir
gostergedir. Bir iilkenin enerji yogunlugu ne kadar diisiikse o iilkede birim hasila tiretmek
i¢cin harcanan enerji de o kadar diisiik demektir ki, bu da enerjinin verimli kullanildigina
isaret etmektedir [3]. Turkiye’nin 2020 y1l1 birincil enerji yogunlugu 0.145 tep/bin 2015$,
nihai enerji yogunlugu ise 0.112 tep/bin 2015$ olarak hesaplanmigtir. 2000 yilina gore
bir kiyas yapildiginda birincil enerji yogunlugunda %24,5, nihai enerji yogunlugunda ise
%24,8 oraninda iyilesme s6z konusudur [4]. Enerji yogunlugu ve enerji verimliligi gibi
kritik kavramlarin iilkemiz adina daha iyi hale gelebilmesi icin enerji yonetim ve izleme
sistemleri ¢ok onemlidir. Siddique ve arkadaslar1 Banglades’te kagit endiistrisinde {iretim
yapan bir isletmede yaptiklari calismada enerji yonetim sistemlerinin enerji verimliligini
%4-5 oraninda artirabilecegini ortaya koymuslardir [5]. Tipk: kagit endiistrisinde oldugu
gibi bu ¢alismanin yapildig1 isletmenin faaliyet alan1 olan madencilik endiistrisinde de
enerji yogunlugu oldukga yiiksek noktadadir. Bu ¢alismaya benzer metotla Songur ve
arkadaglar1 su dagitim sebekelerindeki kayiplarin 6nlenmesi i¢in bir SCADA sistemi
tasarlamiglar ve olumlu sonuglar almislardir [6]. Aurilio ve arkadaslari elektrik giic
sebekesini uzaktan yonetebilmek i¢in farkli bir yaklagimla Raspberry Pi ile galisan bir
yazilimla elektrik giic sebekesini izlemislerdir [7]. Giiniimiizde isletmeler enerji
verimliligi konusunu giindemlerine almig olsalar da bu konuya halen gereken 6nem
verilmemektedir. Oniimiizdeki yillarda organize sanayi bolgeleri gibi yogun elektrik
enerjisi tilkketimi olan alanlarda enerji izleme sistemlerinin kurulumu yasal bir zorunluluk
haline gelecek ve tiim isletmeler kendi enerji izleme sistemlerini kuracaklardir.

Bu calismanin yapildigi Bigadi¢ Bor Isletme Miidiirliigiinde tiim tesislerin elektrik
enerjisi verileri manuel yontemlerle takip edilmektedir. Uretim tesisleri konumlar
birbirinden uzak ve dagitik bir yapidadir. Bu sebepten dolay1 enerji tiiketim verileri ancak
aylik bazda alinmaktadir. Her ay sonunda okuma yapilan andaki endeks ile Onceki
doneme ait endeks arasindaki fark bir forma kaydedilmekte ve ilgili aydaki tiiketim
miktar1 bu forma gore takip edilmektedir. Aylik bazda yapilan bu okuma yontemi aydan
aya bir deger sunabildigi i¢in verimsiz ve analizi zor bir yapi olarak kargimiza
cikmaktadir. Ayrica mevcut yapida insana dayali manuel bir sistemden dolayr zaman
zaman hatal1 veriler alinabilmekte, bu durum zincirleme bir¢ok soruna yol acabilmekte
ve cezai durumlara sebebiyet verebilmektedir. Bu problemlere ¢6ziim olabilecek sistemin
tek bir merkezden ger¢cek zamanl izlemeye olanak verebilecek; saatlik, giinliik, haftalik
gibi farkli zaman araliklarinda rapor verebilecek, ayrintili analiz kabiliyeti ve gelecege
dair ongorii sunabilecek bir sistem olmasi gerekmektedir.

2. Yontem

Enerji izleme ve raporlama sistemleri bir¢ok yaklasimla tasarlanabilecektir. Tiiketilen
elektrik enerjisine ait tiim verilerin tek bir merkezde toplanabilmesi i¢in en u¢ noktalara
ulasabilen tek bir aga ihtiya¢ vardir. Bu agn hizli bir sekilde verileri merkeze
aktarabilmesi gerekmektedir. Bu sebeplerden dolay1 uygulama Ethernet ag1 kullanilarak
tasarlanmistir. Ethernet, en yaygin kullanilan LAN(Local Area Network- Yerel Alan Ag1)
protokolii olup IEEE.802.2 ve IEEE.802.3 standartlari ile tanimlanmistir. Ethernet, OSI
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(Open System Interconnection-Acik Sistemler Ara Baglantis1) referans modelinin veri
baglantis1 ve fiziksel katmanlarinda c¢alismaktadir [8]. Yapilan testler sonucu CAT6
(Category 6) bir kablo ile Ethernet aginda veri iletisimi 100 metre mesafeden sonra ciddi
veri kayiplara sebep olmaktadir. Bu yiizden uzak mesafeler arasi1 haberlesmenin saglikli
olabilmesi i¢in dagitik konumlardaki tesisler arasinda isletmede bulunan mevcut fiber
optik altyapmin avantajindan faydalanilmistir. Fiber optik altyapit sayesinde
Kilometrelerce uzak mesafedeki noktalar arasinda veri haberlesmesi olduk¢a hizli ve
glivenli bir sekilde yapilabilmektedir. Calismada merkezi kontrolcii olan PLC
(Programmable Logic Controller) dahil tiim cihazlarin bu aga dahil edilmesi saglanmistir.

Bu ¢aligmaya esas olan yaklasimda enerji tiiketen her bir {initeye enerji analizorii baglanir.
Analizorler o liniteye ait her bir tiiketim verisini 6lcer ve MODBUS RS485 haberlesme
protokolii ile veriyi disariya iletir. Burada RS485-Ethernet Converter dedigimiz bir
dontistiiriicii ile veri Ethernet verisi haline gelir. Ethernet verisi haline gelen paketin fiber
optik altyapt boyunca iletilebilmesi i¢in Ethernet-Fiber Converter adi verilen bir
doniistiiriiciiye ihtiyag vardir. Fiber optik altyap1 sayesinde veri PLC’ nin oldugu merkeze
kadar gelir. Burada fiber-optik hattaki veri tekrar ethernete doniistiiriiliir ve veri merkeze
iletilmis olur. PLC deki veri, dahili haberlesme arayiizii ile SCADA ya aktarilir.
SCADA da her bir veri modbus adresine gore ayiklanarak gorsel olarak ekrana yazdirilir.
Sistem i¢in tasarlanan fiziksel topoloji asagida gosterilmistir.

RS-485 RS-485 S-485

R

{ ETHERNET

ETHERNET

¥ =

Sekil 1. Fiziksel topoloji.
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Tablo 1. Enerji izlemesi yapilacak tesislerin merkeze uzakliklar.

TESIS ADI MERKEZE UZAKLIGI
KONSANTRATOR 4-5 1150 metre
KONSANTRATOR 2 1250 metre
KONSANTRATOR 5 1250 metre

OGUTME 1 350 metre

OGUTME 2 350 metre

OGUTME 3 400 metre
HOMOJELENDIRME 600 metre

2.1. Modbus Haberlesme Protokolii

Modbus, PLC (Programmable Logic Controller) lerin kendi aralarinda veya diger
cihazlarla haberlesebilmesi icin tasarlanmis temel bir haberlesme protokolidiir. 1979
yilinda Modicon firmasi tarafindan gelistirilmistir. Diger haberlesme protokollerine gore
birgok avantaji olan MODBUS protokolii uzun yillardir kullanildig: i¢in artik hemen
hemen tiim endiistriyel cihazlarda mevcuttur. A¢ik kaynak kodlu oldugu i¢in erisimi
kolaydir. Modbus protokoliinde bir master ve bu master’e bagl ¢alisan bircok slave iinite
vardir. 1979’dan beri bu protokol birgok alt haberlesme dizaynlarini olusturmustur.
Bunlardan en 6nemlileri Modbus RTU ve Modbus TCP’dir. Her iki protokoliin ortak
noktasi alt katmanlardan bagimsiz olarak ¢alisan protokol veri birimidir (Protokol Data
Unit, PDU). Protokol, kullanildig1 alt protokollere goére uygulama veri birimi
(Application Data Unit, ADU) igerisinde bir takim ek alanlar olusturabilir. Bu ek alanlar
Modbus RTU ve TCP protokollerinde farklilik gosterir [9].

ADU (Uygulama Verl Blriml)

Ek Birim Fonkslyon Kodu Verl Ek Birim

L

—1
-

FDU (Protokol Verl Blrimi)

Sekil 2: Modbus genel veri yapisi.

Sekil 1°de en genel sekli ile Modbus veri yapist gosterilmistir. Modbus protokol veri
birimi igerinde yer alan fonksiyon kod alan1 1 byte veri icerir ve bagimli cihazlarin ne tiir
islem yapacaklarini ya da yaptiklarini tanimlar. Veri alani igerisinde ise ana cihazin ya da
bagimli cihazin talep ya da cevap parametreleri yer alir. Ana cihaz tarafindan talep edilen
uygulama veri biriminde bir hata yoksa bagimli cihaz istenilen islemi gergeklestir ve ana
cihazin talebine karsilik bir cevap gonderir. Fakat bir hata olusursa bagiml cihaz ana
cihaza ilgili hata ile ilgili bir hata mesaji gondererek sistemin calismasinin devam
etmesini saglar [9].

MODBUS RTU, verilerin binary olarak alinip génderildigi ve bu verilerin giivenilirligini
artirmak i¢in ¢evrimsel artiklik denetimi (CRC — Cyclic Redundancy Check) dogrulama
verisi ile birlikte gonderildigi haberlesme protokoliidiir. Bu eklenen CRC verisi
gonderilecek olan verinin igerigine gore hesaplanir ve gonderilen veriye eklenir. Alici
taraf da ayni sekilde gelen veriye gore bir CRC kodu hesaplar ve onu gelen CRC verisiyle
kiyaslar ve bu sekilde gelen verinin dogrulugu kontrol edilmis olur. Seri kanal
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haberlesmede en c¢ok tercih edilen ve destek verilen haberlesme standardidir. Mesajin
gidecegi hedef MODBUS TCP/IP de birim no’su (Unit ID) olarak mesaj paketine
eklenirken, MODBUS RTU da 8 bitlik hedef adresi eklenir[10].

MODBUS TCP/IP de ise temel fark, CRC gibi dogrulama verisi ve hedef istasyon TCP
paketine gore tanimlanir ve génderilir. MODBUS RTU’da CRC’nin yaptig1 islemi burada
islem tanimlayict (Transaction Identifier) yapar ve gelen giden veri kontrol edilmis ve
senkronizasyon saglanmis olur [10].

Ethernet Bashg IP Bashig TCP Bashg

(14 byte) (20 byte) (20 byte) Gomuld Mesaj ECS

Sekil 3: Modbus TCP veri yapisi.

TCP, baglant1 yonelimli bir protokol oldugu i¢in Modbus mesaj1 gonderilmeden 6nce
TCP baglantisinin kurulmasi gerekir. Modbus TCP/IP baglantilar1 iki cihaz arasinda
yapilan haberlesme baglantilar1 oldugundan her yon i¢in kaynak adresine, hedef adresine
ve baglanti kimligine ihtiya¢ duyar. Bu nedenle Modbus TCP/IP haberlesmesi sadece
yayin modunda yapilir. Modbus uygulamalar1 i¢in 6zel olarak 502 numarali port
ayrilmistir. Modbus sunucusu haberlesme igin bu portu dinler. Istemci sunucuya bir talep
gondermek istedigi zaman, sunucu cihazin 502 numarali portu ile baglanti kurar. Modbus
TCP protokoliiniin uygulama veri birimi béliimiinde RTU’da oldugu gibi adres birimi ve
hata kontrol birimi yer almaz [9]. Bu calismada MODBUS TCP/IP protokolii
kullanilmistir. Uzak istasyonlar arasinda fiber optik hattin olmast ve fiber optik hattin
TCP/IP protokoliine c¢evirmenin kolay ve giivenilir olmast MODBUS TCP/IP
protokoliinii tercih sebebi yapmuistir.

2.2. Enerji Analizorii

Enerji analizorii temel olarak elektrik enerjisine konu g¢ogu elektriksel parametreyi
Olcebilen cihazlardir. Bu cihazlar ¢ok diisiik hata paylariyla 6l¢iim yapabilmekte ve veriyi
bagka bir platforma iletebilecek altyapiya sahiptirler. Sebeke analizorii de denilen bu
cthazlar artik klasik elektriksel parametrelerin yaninda akim ve gerilime ait harmonik
bozulmalar gibi farkli parametreleri de 6lgebilmekte ve kayit altina alabilmektedir. Son
tiketiciye ulastirilan elektrik enerjisi enerji analizorii tarafindan izlenerek, ileride
faturalandirma veya ceza olarak karsilasilabilecek verimsiz kullanimlarin Oniine
gecilmesini saglar. Enerji analizorii ayrica elektrik sebekesinde olusabilen ve 6zellikle
elektronik cihazlarin ve tiim ekipmanlardaki elektronik kartlarin arizalanmasina neden
olan; anlik yiikselme (sag), anlik diisme (swell) degerlerini 6lcer ve hafizasina kaydeder.
Bu sayede sebekenin kalitesi ¢oziimlenebilir ve gerekli miidahalelerle arizalar meydana
gelmeden engellenebilir [11]. Bu avantajlarindan dolay1 ¢alismada enerji analizorleri
kullanilmistir.
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Sekil 4. Calismada kullanilan enerji analizorii.

Bu calismada Entes firmasina ait MPR-53S serisi enerji analizorleri kullanilmistir.
Modbus RS485 haberlesme protokolii ¢ikis1 olmast ve ekonomik olmasi sebebiyle bu
cihaz secilmistir. Her enerji analizriinlin modbus register tablosu vardir. Adreslerine
gore izlenecek veriler ham haliyle alinir ve tablodaki uygun ¢arpan oranlart ile ¢arpilarak
saglikli veri haline getirilir. Asagida ¢alismada kullanilan enerji analizdriine ait modbus
register tablosu bulunmaktadir. Ornegin faz-notr arasi gerilimin 0000H adresinden
okunabilecegini bu tablo gostermektedir. Burada adresin hexadecimal bir adres olduguna
dikkat edilmesi gerekir. Bu verinin PLC ye aktarilmasi i¢in adres decimal karsiligina
cevirilmeli ve PLC deki adresleme yapisi buna uygun tasarlanmalidir. Veri alindiktan
sonra tabloda verilen ¢arpan oranlarina dikkat edilir. Faz-n6tr arasi gerilim verisinin volt
cinsinden okumasinin yapilabilmesi i¢in verinin gerilim trafosu orani ve akim trafosu
orani ile ¢arpilmasi gerekir.

Tablo 2. Enerji analizorii modbus register tablosu[11].

ADRES ACIKLAMA ?‘%‘g{; CARPAN ARALIK BIRIM
I 0000H Gerilim LMN1 Word Data x GT x 0. O .. Vimax W
LTI T i Teore Tyt o 1= T wTTie A4

0002H Gerilim LMN3 Word Data x GT x 0. O .. Vmax i
000 3H Abarm L1 Word Data x AT x 0.001 O .. Imax N
O004H Akim L2 Word Data x AT = 0.001 O .. lmax ry
0005H Akarmn LMNS Word Data = AT = 0.001 O .. Imax A
o006H Toplam Akim Word Data x AT »x 0.001 O .. Imax A
O007H Aktif Guige L1 Signed Int Data x GT = AT O .. xPmax W
000 8H Aktif Glic L2 Signed Int Data x GT x AT 0 .. xPmax W
0009H Aktif Gag L3 Signed Int Data x GT x AT O .. xPmax W
000 AH Reaktif Gag L1 Signed Int Data x GT x AT 0 .. +Qmax A
OO0BEH Reaktif GGg L2 Signed Int Data x GT x AT O .. =Qmax AT
000CH Reaktif Grig L3 Signed Int Data x GT x AT 0 .. +Qmax AL
o00DH Goaraniar Gog L1 Word Data x GT x AT O .. Smax A
O0O0EH Garanar Gog L2 Word Data < GT < AT O .. Smax VA
OO0FH Gorandr Goag L3 wWord Data < GT x AT O .. Smax A
0010H Gug Faktora L1 Signed Int Data x 0.001 -1.000 .. 1.000 -
o011 1H Gag FaktGra L2 Signed Int Data x 0.001 -1.000 .. 1.000 -
001 2H Glg Faktdra L3 Signed Int Data x 0.001 -1.000 .. 1.000 -
00134 Cos L1 Signed Int Data x 0.001 =-1.000 .. 1.000 -
001 4H Cos L2 Signed Int Data x 0.001 =-1.000 .. 1.000 -
0015H Cos L3 Signed Int | Data x 0.001 ~1.000 .. 1.000 =
0016H Gerilim L12 Word Data x GT x 0.1 O .. Vimax v
001 7H Gerilim L23 Word Data x GT x 0.1 0 .. Vmax v
o018H Gerilim L31 Word Data x GT x 0.1 O .. Vmax ¥
o0194 Gerilim LM (Ortalama) Word Data x GT x 0.1 O .. Vmax A
001AH Gerilim LL {Ortalama) Word Data x GT x 0.1 0O .. Vmax \
001BH Frekans Word Data x 0.01 5.00 .. 65.00 Hz
oo01CH Toplam Aktif Gag Signed Int Data x GT x AT 0O .. =Pt max W

2.3. SCADA (Supervisory Control and Data Acquisition) Sistemi

SCADA temel olarak bir siirece ait tiim verilerin gorsel objelerle takip edilmesini
saglayan gorsel bir arayiizdiir. Supervisory Control And Data Acquisition ifadesinin
kisaltmasidir. SCADA kavramu ilk olarak 1960’larda Bonneville Power Administration
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tarafindan ortaya atilmistir. Terim olarak ise Power Industry Computer Applications
konferansinda yaymlanmistir [12]. Mevcutta SCADA sistemleri endiistriyel isletmelerde
daha ¢ok proses otomasyonu amaciyla kullanilmaktaysa da 6zel amaglar icin de
kullanilabilmektedir. Ayni1 alanda olmayan bir¢ok ekipmanin belli bir mantifa gore
calisabilmesini saglar. Giiniimiizde ¢cok uzak mesafelerdeki ekipmanlarin ayni SCADA
ile takibi yapilabilmektedir. SCADA kontrol, kumanda ve degerlendirme i¢in tiim verileri
toplar bu verileri karar birimine gonderir. Bu veriler operator istasyonlarindaki ekranlara
iletilir. Boylelikle operator vasitasiyla kontrol ve kumanda yapilabilir [13]. Genel olarak
bir SCADA yaziliminin fonksiyonelligi soyledir;

e Erisim Kontrolii (Access Control)
Coklu Arayiiz (Multimedia Interface)
Grafikleme (Trending)
Alarm Yonetimi (Alarm Handling)
Loglama/Arsivleme (Logging/Archiving)
Rapor Olusturma (Report Generation) [14]

Bir¢ok markaya ait ¢esitli 6zellikleri barindiran SCADA yazilimlar1 bulunmaktadir. Bu
calismada yerli yazilim olan Wintr adli SCADA yazilimi kullanilmistir. Wintr adli
yazilimin diger SCADA yazilimlarina gore tercih sebebi olmasinin en 6nemli sebeplert;
lisanslama maliyetinin olmamasi, MODBUS verilerini dogrudan okunabilir yapida
olmast ve ekonomik olmasidir. Ayrica birgok SCADA yaziliminda objeler ile ilgili
yapilabilecek fonksiyonlar sinirli sayidadir. Wintr adli yazilimda bir objede 256
fonksiyon calistirilabilmektedir. Wintr SCADA yaziliminda profinet haberlesme
protokolii ile haberlesecek cihazlar i¢in herhangi bir veri taban1 programi ya da OPC
Server gibi bagka bir yazilim kullanilmasina gerek yoktur. Veriler dogrudan SCADA
tarafindan okunabilmektedir. Enerji analizorlerinden PLC’ye aktarilan tiim veriler
Profinet haberlesme protokolii ile SCADA sistemine aktarilmaktadir. SCADA
sistemindeki verilerin siniflarina gore uygun objeler tasarlanarak verinin anlagilir bir hal
almasi saglanir.

<« ETIMADEN «« ETIMADE!
ETi MADEN ENERJIi iZLEME OTOMASYONU
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fw"""’h;‘& FazNowGerimilN - [227400v | s Faz Notr Gerilimi LN 227,500 v Faz Notr Gerilimi LN - [238.000 v

soalueas T
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Sekil 5. Sistem ana ekran.
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Sekil 6. Wintr SCADA 6zellikleri[15].

2.4. PLC (Programmable Logic Controller)

PLC’ler klasik kumanda devresinin yaptig1 isleri tasarlanan bir programa gore yapabilen,
kendine ait giris ve ¢ikis kanallar1 olan mikroislemci tabanli cihazlardir. Hizli islem
kapasiteleri ve esnek bir sekilde programlanabilmeleri nedeniyle endiistride ¢ok yogun
kullanim alanlar1 bulunmaktadir.

Kumanda sistemlerinde PLC heniiz yokken bir¢ok i geleneksel roleler ile yapilmaktaydi.
Roleler ile kontrol kumanda sadece rolenin kontaklar: iizerinden yapilir. Bu sebepten
alternatifsiz, yavas ve kontrolii olduk¢a zor bir yap1 idi. PLC'ler 1970'li yillarin basinda
geleneksel réleli sistemlere ¢oziim olarak ortaya gikmustir. Ilk yillarda lojik birimlerin
birbiri ile baglantis1 seklinde kullanilan PLC'ler giiniimiizde mikroislemci teknolojisinin
katkis1 ile ok hizli ve kolay programlanabilir bir yap1 kazanmis durumdadir [16].

Arabirim i Frngram]amn
Unitesi
¥ ¥
) —
—#
—  » Hafrza
— ¥ .. E _{:J
5 —b Girig + Cikas =
< _b—p- g
— . _ N
—_— CPU —»
PLC (Programlanabilir Loojik Kontrol)

Sekil 7. PLC’nin temel yapisi[16].
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Herhangi bir PLC hazir konuma getirilip ¢alistirildiginda sirayla su islemler yerine
getirilir;
e (Cevrim baslamadan once giristeki veriler bellege kaydedilir ve bu veriler siradaki
dongiiye kadar degismez
e Programlanan lojik komutlar sirasiyla icra edilir.
e Yazilan programa gore islenen verilerin ¢iktilar1 ¢ikis birimine aktarilir ve tiim
islemler tamamlandiktan sonra ilk adima tekrar gidilir [17].

Bu c¢alismada SIEMENS marka S7-1200 model bir PLC kullanilmistir. SCADA’daki
verileri PLC gibi programlanabilen bir cihaza aktardigimizda artik bu veriler i¢in bir¢ok
uygulama yapabilmekteyiz. Bu yilizden veriler PLC’ ye aktarilmigtir.

SIEMENS

Sekil 8. Calismada kullanilan PLC.

Aktarilan veriler PLC’de islenebilmektedir. Enerji izleme sistemine dair maliyet analizi,
raporlama, diger kontrol sistemleri ile entegrasyon gibi bir¢ok ihtiyag bu sayede
gerceklestirilebilecektir. PLC ile profinet {izerinden haberlesilmistir. Wintr SCADA’nin
en bliylik avantajlarindan biri cihaza 6zel dogrudan haberlesme protokollerini
destekleyebilmesidir. Bu ¢alismada kullanilan S7-1200 PLC i¢in profinet {izerinden
dogrudan haberlesme arayiizii bulunmaktadir. Sekil 9° da goriildigi gibi Wintr SCADA
Connection Manager icinde bulunan Profinet sekmesine PLC’nin IP adresi dogru bir
sekilde girildigi takdirde PLC’ ye SCADA iizerinden dogrudan erigilebilinmektedir.

~ Connection Manager e [=le ==
Rogatered Teg Uit | Opc Gieet | $7-300/400 Mo | 57-200 Fpi | Modhus R/ Tep Master | Modtun Rlu Seve] P=#ret [Buvon [ Panssanc |
B i /1 bt & Connect 4, Descunne
- 2;;::3%;:3 :27 Adas s Valie Type i:-: Wao

Ve L@

» MW Usgnedrt15 |~ |0 |
B Ll —

Sekil 9W1ntr-S71200PLC haberlesmesi.
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3. Sonugclar ve tartisma

Bu ¢alismay1 3 asamada degerlendirmenin daha dogru olacag diisiiniilmektedir.
e Uzak konumlar arasi cihazlarin haberlesmesi
e Okuma yapacak olan enerji analizorlerinin akim trafolar1 ile beraber montaji ve
devreye alinmasi
e Verilerin merkezi bir noktada toplanarak SCADA tasariminin yapilmasi ve PLC’
ye entegrasyonu

3.1. Uzak Konumlar Arast Cihazlarin Haberlesmesi

Uzak konumlar aras1 24 core single mode fiber optik kablolar kullanilmis ve istasyonlarda
sonlandirilmistir. Sonlandirilan fiber uglar ethernet verisi haline gelebilmesi igin
Ethernet-fiber doniistiiriicii ile doniistiiriillmiistiir. Bu sekilde yildiz topoloji olusturulmus,
hizl1 ve kayipsiz bir haberlesme hatt1 basarili bir sekilde kurulmustur. Basariya ulagan bu
sistemin bircok sistemde kullanilabilecek bir haberlesme altyapisi sunabilecegi
goriilmistiir. Sekil 10° da iki konum arasi ping ekrani gorseli verilmistir. 1 milisaniyenin
altinda haberlesme oldugu goriilmektedir.

BN C\Windows\system32\cmd exe |ﬂ|£—hj

Microsoft Windows [Siiriim 6.1.76611
Telif Hakki <c? 2889 Microsoft Corporation. Tiim haklari saklidir.

C:sUserssUANLI >ping 192.168.1%76.249

192_168.196.24% yoklanivor 32 bayt veri ile:

192.168.196.249 cevabi: bayt=32 siire<ims TTL=128
.168.196.249 cevabi: iire<ims TTL=128
.168.196.249 cevabi: = iire<ims TTL=128
.168.176.249 cevabi: bayt=32 sziired{imns TTL=12Z8

m| »

.168.176.249 igin Ping istatistdigi:
Paket: Giden = 4, Gelen = 4, Kaybolan = 8 (x8 kayip).

Mili saniye tiirinden yaklasik tur siireleri:
En Az = Bms,. En Lok = Bms, Ortalama = Bms

C:sUsers~UAMLI >_

Sekil 10. Uzak istasyonlar aras1 haberlesme istatistikleri.

Bu c¢alismada fiber optik hat yerine kablosuz bir network de kurulabilirdi. Kablosuz
haberlesme sistemleri de giiniimiizde oldukca gelismis ve kullanim alani oldukca
artmistir. Ancak kablosuz haberlesme sistemleri isletmenin kosullar1 agisindan uygun
degildir. Bor iiretiminde bacadan filtre edilip atilan {iriin isletme ¢evresinde bir tabaka
olusturmaktadir. Yar1 metal 6zellige sahip borun yapisindan kaynaklanan bu durum
isletme i¢inde kablosuz tiim sistemleri etkilemektedir. Bu ¢alismanin basinda kablosuz
haberlesme sistemleri denenmis ve verimli bulunmamistir. Ayrica kablosuz haberlesme
sistemlerinde her u¢ noktada alici kablosuz cihazlar kullanilacagindan maliyet de
ylukselebilmektedir.

3.2. Enerji Analizérii ve Akim Trafosu Montajlart

Enerji analizorleri her bir tesisin ana dagitim panosuna monte edilmistir. Akim trafosu
secerken baradan gecebilecek maksimum akim onemlidir. Se¢im buna gore yapilir. Her
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bir faza ayn1 akim trafosu baglanir. Akim trafosunun sekonder uglar1 enerji analizoriiniin
K ve L uglarina her faz i¢in ayr1 ayr1 baglanir. Enerji analizoriine akim trafosu c¢arpani
girildikten sonra okuma yapmaya baglanabilir. Akim trafosu olmadan sebeke akimin
enerji analizoriine aktarma yolu yoktur. Calismada kullanilan enerji analizérii RS485
c¢ikislt bir cihazdir. Bu sayede degerleri disariya aktarabilmektedir. Eger dogrudan fiber
¢ikisl enerji analizorleri olsaydi geviriciler kullanilmadan daha sade ve kolay bir topoloji
kurulabilirdi.

3.3. Verilerin Tek Merkezde Toplanmast ve Ciktilar

Veriler Wintr SCADA’da toplanmis ve aktif giicler ile ilgili grafiklendirmeler yapilmistir.
Tesis bazinda anlik aktif ve reaktif giic grafikleri asagidaki gorsellerdeki gibi
gerceklesmistir. Her tesis bazinda 1 saniyeden 24 saate kadar farkli zaman araliklarinda
grafiklendirme yapilmaktadir. Bu c¢aligmada birgok SCADA yazilimi kullanilabilirdi.
Calisma 6nce SCHNEIDER firmasina ait Vijeo Citect SCADA yazilimi ile baglanmig
ancak bu yazilimin lisans maliyetlerinin yiiksek olmast ve MODBUS haberlesme igin
ayr1 bir yazilim kullanma zorunlulugundan dolay1 vazge¢ilmistir. FULTEK firmasina ait
Wintr SCADA yazilimi ile OPC server ihtiyact olmadan farkli cihazlarla dogrudan
haberlesilebilmektedir. Bu durum Wintr SCADA kullanimimi bu ¢alisma ig¢in tercih
sebebi yapmustir. Ayrica Wintr SCADA i¢in gelistirme lisans1 almaniza gerek yoktur. Bu
calisma i¢in gelistirme programina hicbir lisanslama yapilmamistir. Muadil bir¢ok
yazilimda gelistirme i¢in ayri, runtime ic¢in ayri lisans satin alinmasi gerekmektedir.
Gilintimiizde kullanilmakta olan 6nemli ¢ogu haberlesme protokoliinii destekliyor olmasi
da gelecekte yapilabilecek iyilestirmeler icin 6nemli bir noktadir. Ornegin PROFIBUS
altyapiya sahip bir sistemin bu SCADA ile haberlesebilmesi i¢in herhangi bir ara yiize
ihtiyac yoktur. Dogrudan hem PROFINET {iizerinden hem de PROFIBUS {izerinden veri
aligverisi yapabilmektedir.

2

KONSANTRATOR1

12000—

10000—

6000— Legend
AKTIF
REAKTIF

I I I I I
14:06:00 14:08:00 14:10:00 14:12:00 14:14:00

Sekil 10. Konsantrator 1 tesisi aktif ve reaktif giic degerleri grafigi.
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KONSANTRATOR 4

10.359,00——

10.339,00—

Legend
10.319,00— = AKTIF
REAKTIF

10.299,00——

10.279,00—=

14:13:45 14:13:50 14:13:55 14:14:00
. J

Sekil 11. Konsantrator 4 tesisi 5 saniyelik periyotta aktif gii¢ grafigi.
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Oz

Dogrusal regresyonda cezali regresyon yontemleri veri kiimesinin yapisina bagh olarak
on tahminde daha dogru sonuglar elde edilmesi i¢in kullanilir. Ayrica cezali regresyon
yontemleri kullanilarak yamit degisken ile iligkili olan agiklayict degiskenlerin tespiti
miimkiindiir. Bu ¢aliymada ridge, LASSO, elastik net, uyarlamali LASSO konveks cezali
regresyon yontemleri ile SCAD ve MCP konveks olmayan cezali regresyon yontemlerinin
gercek katsayr vektoriiniin ozelliklerine bagli olarak performanslart simiilasyon
calismalart ile karsilagtirimigtir. Yontemlere dayali olarak olusturulan modellerin én
tahmin performansinin karsilastirilmast igin test kiimesi hata kareler ortalamasi
kullanilirken yontemlerin degisken segimindeki performanslarinin karsilastirilmasi igin
yanhs siiflama orani, yanls pozitif orani ve aktif kiime biiyiikliikleri elde edilmistir.
Simiilasyon ¢alismalarina gore gergek katsayi vektoriiniin yapisinin konveks ve konveks
olmayan cezali regresyon yontemleri ile olusturulan modellerin performansi tizerinde
kayda deger bir etkisinin oldugu goriilmiistiir.

Anahtar kelimeler: Dogrusal regresyon, LASSO, SCAD, MCP, Coklu I¢ Iliski.

A study on comparison of convex and non-convex penalized
regression methods

Abstract

In linear regression, penalized regression methods are used to obtain more accurate
predictions depending on the structure of the data set. In addition, it is possible to
determine the explanatory variables associated with the response variable by using
penalized regression methods. In this study, the performances of ridge, LASSO, elastic
net, adaptive LASSO convex penalized regression methods and SCAD and MCP non-
convex penalized regression methods are compared depending on the properties of the
true coefficient vector based on simulation studies. While the mean squared error on the
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test set is used to compare the prediction performance of the models based on the
methods, the false classification rate, false positive rate and active set sizes are obtained
to compare the performance of the methods in variable selection. According to the
simulation studies, it has been observed that the structure of the true coefficient vector
has a remarkable effect on the performance of the models created by convex and non-
convex penalized regression methods.

Keywords: Linear Regression, LASSO, SCAD, MCP, Multicollinearity.

1. Giris

Dogrusal regresyon modelleri, aciklayict degiskenler ile yanit degiskeni arasindaki
iliskiyi modellemede yaygin olarak kullanilan istatistik modellerdir. Dogrusal regresyon
modelleri bircok bilim alaninda degiskenler arasindaki iliskiyi modellemede
kullanilmaktadir. Dogrusal regresyon modeli olusturmanin ilk asamasi model
katsayilarinin tahmin edilmesidir.

n X 1 boyutlu yanit degisken degerlerinin vektorii y, n X p boyutlu agiklayict degisken
degerlerinin matrisi X, p X 1 boyutlu bilinmeyen katsayilarin vektorii 8, ve n X 1 boyutlu
0 ortalamal1 ve g1 varyansli hata terimleri vektorii £ olmak iizere bir dogrusal regresyon
modeli

y=XB +¢ 1)

olarak tanimlanir. Dogrusal regresyonda katsay1 tahmini i¢in kullanilan en temel yontem
en kiigiik kareler (EKK) yontemidir. Denklem (1)’deki katsayilarin EKK tahmin
edicisi

Beri = XTX)"1XTy )

olarak verilir. EKK ile regresyon katsayilarinin tahmini yaygin olarak yapilmaktadir.
Ancak veri kiimesinde agiklayici degiskenler arasinda bulunan yiiksek diizeyde dogrusal
bagimlilik olarak tanimlanan ¢oklu i¢ iliskinin olmasi halinde EKK tatmin edici olmayan
katsay1 degerleri verir. EKK’nin ¢oklu i¢ iligki durumunda ortaya ¢ikan dezavantajlarini
ortadan kaldirmak i¢in ridge [1], kisith en kii¢iik kareler [2] ve kisith ridge tahmin edici
[3] gibi regresyon katsayilart {izerinde cesitli kisitlar kullanan tahmin ediciler
onerilmistir. Ayrica EKK yontemi degisken se¢imi yapamadigr i¢cin yanit degisken
tizerinde etkisi fazla olan degiskenlerin secilmesinde kullanilamaz. Yanit degiskeni
etkileyen degiskenlerin tespiti i¢in ¢esitli yontemler onerilmistir. En 1yi alt kiime se¢im
yonteminde [4], agiklayict degiskenlerin tiim kombinasyonlar1 kullanilarak olusturulan
modeller géz Oniine alarak degisken se¢imi yapilir. En 1yi alt kiime se¢im yoOntemi,
hesaplama bakimindan maliyetli bir yontem olmasi nedeniyle, bu yontemden farkli olarak
modelin katsay1 tahmini ile degisken seciminin esanli olarak yapildig: negatif olmayan
garrote [5], bridge regresyon [6], LASSO (least absolute shrinkage and selection
operator) [7], elastik net [8] ve uyarlanabilir (adaptive) LASSO [9] gibi konveks siirekli
bir ceza teriminin kullanildig1 yontemlerin yani sira SCAD (smoothly clipped absolute
deviation) ve MCP (minimax concave penalty) [10] gibi konveks olmayan siirekli bir
ceza teriminin kullanildig1 yontemler de bulunmaktadir. Bu yoOntemlerden bridge
regresyon, ||B]1¢, 8 > 0 ceza fonksiyonuna sahip bir cezali regresyon yontemidir. Bridge
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regresyonun ceza fonksiyonunun 6 = 1 durumu konveks bir ceza fonksiyonu iiretir ve
LASSO yontemine karsilik gelir. Elastik net, LASSO’da ceza terimine £, norma dayali
bir terim eklenmesi ile elde edilir ve LASSO’ya goére daha esnek bir yontemdir.
Uyarlanabilir LASSO, uyarlanabilir agirliklar kullanilarak LASSO tahminlerinin
giincellenmesine dayali iki agsamali bir yontemdir. SCAD ve MCP ise parcali karesel ceza
terimleri kullanan konveks olmayan cezali regresyon yontemleridir.

Aciklayict degiskenlerin gézlem matrisinin boyutlarina gore veri kiimesi, klasik veya
yiiksek boyutlu olarak adlandirilir. Gézlem sayisi degisken sayisindan biiyiik olan veri
kiimeleri klasik veri kiimesi olarak adlandirilirken, aksi halde yiiksek boyutlu veri kiimesi
olarak adlandirilir. Literatiirde her iki veri yapisina dayali olarak yapilan ¢esitli caligmalar
bulunmaktadir [11, 12]. Ayrica konveks ve konveks olmayan farkli dogrusal regresyon
yontemlerinin karsilagtirilmast amagli gesitli ¢alismalar bulunmaktadir. [13], Yiiksek
boyutlu veri analizi i¢in temel bilesenler regresyonda bootstrap yontemini kullanarak
degisken se¢imi icin bir simiilasyon ¢alismasi gergeklestirmistir. [14], cezali regresyon
yontemlerinin yiiksek boyutlu veri kiimelerinde performansi iizerine bir calisma
yapmustir. [15], klasik veri kiimelerinde gergek katsay1 vektoriiniin yapisina bagli olarak
konveks cezali regresyon yontemlerinin karsilastirilmasi {izerine bir ¢aligma yapmastir.
[16], post LASSO yonteminin ikinci asamasindaki tahmin edicinin model performansi
tizerindeki etkisini bir simiilasyon calismasi ile incelemistir.

Bu ¢alismada, klasik veri kiimelerinde gercek katsay1 vektoriiniin yapisi, sifirdan farkli
regresyon katsayilarinin miktari ve konumuna bagli olarak konveks ve konveks olmayan
cezali regresyon yontemlerinin performans incelemesi ele alinmistir. Bu amagla konveks
ceza fonksiyonlu ridge, LASSO, elastik net ve uyarlanabilir LASSO yontemleri ile
konveks olmayan ceza fonksiyonlu SCAD ve MCP yontemleri kullanilmistir.

Calismanin ikinci boliimiinde karsilastirmaya tabi tutulan cezali regresyon yontemleri
Ozetlenmis ve yontemlerin karsilastirilmasinda kullanilan kriterler verilmistir. Ayrica
karsilastirmada faydalanilan simiilasyon calismalarinin 6zelliklerine deginilmistir.
Calismanin tigiincii boliimiinde, gerceklestirilen simiilasyon caligmalarinin bulgulari
verilmis ve sonuglar detayl bir sekilde irdelenmistir. Calismanin doérdiincii boliimiinde
sonuclar verilmis ve ¢alisma tamamlanmistir.

2. Materyal ve metod

2.1. Cezali regresyon yontemleri

Veri kiimesinin yapisina baglh olarak EKK ydnteminin yeni gdzlemlerin tahmininde
yetersiz olmas1 ve degisken se¢imi yapamamasi nedeniyle, EKK’ya alternatif olarak
model katsayilarinin belirli kisitlar altinda hesaplanmasima dayali ¢esitli yontemler
onerilmistir. Bu yontemler, cezali regresyon yontemleri olarak adlandirilir ve yaygin bir
kullanim alanina sahiptir [17]. Bu yontemler, kararli regresyon katsayi tahminleri elde
etmek i¢in asir1 biiylik katsayilarin biiziilmesi ilkesine dayanir. Ayrica soz konusu
yontemlerden bazilar bir kisim regresyon katsay1 tahminlerini sifir olarak belirleyebilir
ve boylece otomatik degisken se¢imi yapabilir.

x; pXx1 boyutlu i. gozlem vektord, y;, i. gozlem yanit degeri olmak iizere;

(X1,51), X2,¥2), <, (X, yn) bagimsiz ve ayni dagilimli veri kiimesi verilsin. Denklem
(1)’de verilen dogrusal regresyon modeli i¢in amag fonksiyonu
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1 2
Q(B) = -lly = XBII3 + P2 (B) ©

olarak verilir. Burada B tahmin edilecek katsayilar vektorii, p;(-) ceza fonksiyonu ve A
ayar parametresidir. Cezali regresyon yontemlerinde katsay1 tahminleri Denklem (3)’te
verilen amag fonksiyonunun minimize edilmesi ile elde edilir.

Denklem (2)’deki EKK tahmin edicisi tiim yansiz tahmin ediciler sinifi iginde en
kiigiik varyansa sahip olan tahmin edicidir. Ancak, veri kiimesinde ¢oklu i¢ iliski olmas1
halinde EKK tahminleri kararli olmaktan uzaktir. Bu problemin {istesinden gelinebilmesi
icin literatiirde katsayr tahminlerine cesitli sekillerde etki eden ceza fonksiyonlari
Onerilmistir.

Cezali regresyon yontemleri, ceza fonksiyonunun konveks veya konveks
olmamasina gore sirasiyla konveks cezali regresyon yontemleri ve konveks olmayan
cezali regresyon yontemleri olarak adlandirilir. Literatiirde veri kiimelerinin 6zelliklerine
bagli olarak performansi degisen konveks ve konveks olmayan cezali regresyon
yontemleri Onerilmistir. Alt Boliim 2.1.1 ve Alt Boliim 2.1.2°de s6z konusu yontemler
Ozetlenmistir.

2.1.1. Konveks cezali regresyon yontemleri

Literatiirde regresyon katsayilarini biizerek EKK’ya gore daha yiiksek 6n tahmin
dogruluguna ulasilmasini saglayan cesitli konveks cezali regresyon yoOntemleri
bulunmaktadir. Bu yontemlerden bazilar1 ceza fonksiyonunun yapisina bagli olarak
otomatik degisken secimi de yapabilmektedir.

[1] yanlilik ve varyans arasinda bir ddiinlesmeye dayali bir yontem olarak ridge
regresyonu Onermistir. Ridge regresyonda, model katsayilarinin yansizligindan 6diin
verilerek, varyansin asir1 sismesi probleminin asilmasi hedeflenir. Ridge regresyonda
katsay1 tahminlerine

—~ 1
B = argmin {— lly - X813 + 2118113} @
B n

probleminin ¢oziilmesi ile ulagilir. Denklem (4)’te A > 0, ayar parametresinin degeri
biiytidiik¢e katsayilarin biiziilme miktari artar. L,, p X p boyutlu birim matris olmak tizere
Denklem (4)’te verilen problemin ¢oziilmesi ile ridge regresyon katsay1 tahminleri

Br = (XTX + AnL,) " XTy 5)
olarak bulunur. Ridge regresyon yonteminde yanlilik ile varyans arasindaki
Odiinlesmeden faydalanilarak, EKK’ya gére daha dogru 6n tahmin degerleri bulunur.
Ridge regresyonun EKK’ya olan bu {istiinliigline ragmen, otomatik degisken sec¢imi

yapamamasi nedeniyle ridge regresyona alternatif tahmin ediciler 6nerilmistir.

Ridge regresyonun degisken se¢imi konusundaki eksikligini g6z Oniine alarak [7],
LASSO yontemini 6nermistir. LASSO yonteminde katsay1 tahminleri

166



BAUN Fen Bil. Enst. Dergisi, 26(1), 163-179, (2024)

—~

B, = argmin {5 lly - XBII3 + 21181} ©)
L gﬁ on Y 2 1

probleminin ¢oziilmesi ile elde edilir. LASSO’da Denklem (6)’da bulunan #; norma
dayali ||B]|; terimi sayesinde ayar parametresinin degeri yeterince biiyiikk oldugunda
LASSO katsay1 tahminlerinin bazilar1 sifir olur. Bu nedenle LASSO bir katsay1 biizme
yontemi olmasinin yani sira bir otomatik degisken se¢im yontemidir. Denklem (6)’daki
problemin kapali formda bir ¢6ziimii yoktur. Bu nedenle LASSO tahminlerinin elde
edilmesi i¢in ¢esitli algoritmalar Onerilmistir. En kiigiik ac¢1 regresyonu (least angle
regression — LARS) [18], degisen yonlii ¢arpanlar yontemi (alternating direction method
of multipliers — ADMM) [19], koordinat inis (coordinate descent) [20] algoritmalari
LASSO tahminlerinin elde edilmesinde kullanilabilen bazi algoritmalardir.

Agiklayici degiskenler arasinda yiiksek korelasyon olmasi durumunda, LASSO regresyon
tatmin edici tahminler veremez [7]. Bu durumda LASSO’ya alternatif olarak
kullanilabilecek bir yontem elastik net (ENET) [8] yontemidir. ENET, LASSO’nun ceza
fonksiyonuna bir £, norm teriminin eklenmesi ile elde edilir. ENET tahmin edicisi

_ 1
= in]— |ly — XB||3
Bz argmin {Zn ly — XBIl>

@
+2(@llBll, + (1 - D113

probleminin ¢oziilmesi ile bulunur. Burada 0 < « < 1 ikinci ayar parametresidir. Ridge
ve LASSO, ENET te yeni ayar parametresinin sirastyla 0 ve 1 degerlerine karsilik gelir.
Ayrica ENET’in yiiksek korelasyonlu degiskenleri gruplama o6zelligi bulunmaktadir.
Dolayisiyla veri kiimesinde yiiksek korelasyonlu degiskenlerin varliginda ENET’in
LASSO’ya gore daha iyi bir performans gostermesi beklenir.

LASSO’nun degisken se¢imi konusunda tutarli olmadigi durumlarda, [9] tarafindan
Onerilen uyarlanabilir LASSO (U-LASSO) model katsayilarinin tahmininde
kullanilabilir. U-LASSO degisken se¢iminde tutarli bir yontemdir ve yaklasik minimax
optimaldir [9]. U-LASSO, LASSO’nun ceza fonksiyonunda uyarlanabilir agirliklar
kullanilmasi ilkesine dayanir. U-LASSO’nun katsay1 tahminleri

p
~ ) 1
Bu-Lasso = arglgmn m lly — Xﬁ“% + Z le.le 8

j=1

problemin ¢dziilmesi ile elde edilir. Denklem (8)’de w;, i = 1,2,...,p uyarlanabilir
agirliklardir. [9], uyarlanabilir agirliklar vektoriini w = 1/ | ﬁekk| olarak se¢mistir. Buna
gore U-LASSO’nun hesaplanabilmesi i¢in iki asama s6z konusudur:
1. EKK katsay1r tahminlerinin ve bu tahminlerden faydalanilarak uyarlanabilir
agirliklar vektoriiniin hesaplanmasi.
2. Birinci asamadaki agirliklar ile LASSO cezalandirma fonksiyonu yeniden
agirliklandirilarak Denklem (8)’deki problemin ¢oziilmesi.
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2.1.2 Konveks olmayan cezali regresyon yontemleri

LASSO yontemi hesaplama kolaylig1 saglayan algoritmalar ve 6n tahmindeki yiiksek
dogruluk degeri nedeniyle 6n plana ¢ikmaktadir. Ancak LASSO yonteminin degisken
seciminde tutarli sonuglar vermesi i¢in tasarim matrisinin olduk¢a sinirlayici bazi sartlar
saglamas1 gerekir [21].

LASSO yontemi ile degisken se¢iminde ortaya ¢ikan problemin asilabilmesi igin [10]
tarafindan konveks olmayan bir cezali regresyon yontemi olarak SCAD Onerilmistir.
SCAD, yaklasik olarak bir olasilikla gercekte sifir olmayan katsayilari, modelin gercek
seyreklik (sparsite) diizeyi onceden biliniyormus gibi tahmin edebilir (oracle 6zelligi).
SCAD yonteminin ceza fonksiyonu

yAB; — 0.5(B% + %)

piSAP(8) = -1 A<hi=n (©)
22(y*-1)
20-D by > Ay

olarak tanimlanir. Denklem (9)’da verilen ceza fonksiyonu Denklem (3)’te verilen amag
fonksiyonuna uygulanip amag fonksiyonu minimize edilerek SCAD yonteminin katsay1
tahminlerine

Bocap = argmin —lly— Xl +Zp“”(ﬁ,-)

j=1
problemi ¢oziilerek ulasilir.

[21], degisken seciminde farkli bir cezali yontem olarak MCP yontemini 6nermis ve MCP
yonteminin uygun ayar parametresi degerleri i¢in degisken se¢iminde tutarli oldugunu
gostermistir. MCP yonteminin ceza fonksiyonu
B}
ABj—==, Bj<vyi
i () = "2 B (1)
0.5y42, B; > vA
olarak tanimlanir. Denklem (11)’de verilen ceza fonksiyonu, Denklem (3)’te verilen amag

fonksiyonuna yazilip, amag¢ fonksiyonu minimize edilerek MCP yonteminin katsay1
tahminlerine

Bucr = argmin —lly— X8Il +zp’”“’(/>’]

probleminin ¢oziilmesi ile ulasilir. SCAD ve MCP yontemlerinin Denklem (9) ve
Denklem (11)’de verilen ceza fonksiyonlarina gére bu yontemlerin model katsayilarini
bilizme sekillerinde farkliliklar bulunmakta olup her iki yontemin de LASSO y&ntemine
gore daha esnek tasarim matrisi kosullarinda ve yonteme bagli olarak degisen bir
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cezalandirma diizeyinde tutarli degisken se¢imi yapabildigi gosterilmistir [10, 21].
Konveks olmayan ceza fonksiyonu nedeniyle bu yontemlerde model olusturmak, konveks
ceza fonksiyonlu yontemlerdekinden daha zordur. [22], ceza fonksiyonuna yerel bir
dogrusal yaklasim (local linear approximation — LLA) uygulayarak konveks olmayan
ceza fonksiyonlu yontemler icin LARS algoritmasina dayali bir optimizasyon yontemi
onermistir. [23] SCAD ve MCP yontemlerinin katsay1 tahminlerinin elde edilmesi igin
bir koordinat inig algoritmasi Onermistir.

2.3. Simiilasyon calismalar: ve karsilastirma kriterleri

Bu calismada konveks cezali regresyon yontemleri ridge, LASSO, elastik net ve
uyarlanabilir LASSO ile konveks olmayan cezali regresyon yontemleri SCAD ve MCP
simiilasyon g¢alismalar1 ile karsilagtirmaya tabi tutulmustur. Simiilasyon ¢alismalarinda
kullanilan veri kiimeleri Denklem (1)’de verilen dogrusal regresyon modeline gore [7]’de
aciklanan yonteme dayali olarak olusturulmustur. Her bir simiilasyon c¢alismasinda
aciklayici degisken sayis1 40 olup tekrar sayis1t 100 olarak belirlenmistir. Simiilasyon
calismalarinda, i. ve j. agiklayict degiskenler arasindaki korelasyon p!i=J! olup sirasiyla
orta ve yliksek diizeyde korelasyon diizeyinin etkisini 6l¢mek i¢in p’nun iki degeri 0.7 ve
0.9 olarak alinmistir. Gergek katsayilar vektoriiniin, yontemlerin performansi iizerindeki
etkisinin incelenmesi i¢in simiilasyon ¢alismalari iki grup altinda toplanmustir.

S1. Birinci gruptaki simiilasyon caligmalarinda gercek katsayilar vektoriiniin aktif
(sifirdan farkli katsayrya sahip) degiskenlere karsilik gelen katsayilari aktif
olmayan (sifir katsayili) degiskenlere karsilik gelen katsayilarindan Once
gelmektedir. Bu grupta aktif katsay1 degerleri, ilk terimi 0.5 ve ortak farki 0.5 olan
bir aritmetik dizi olusturmaktadir. Daha agik bir ifadeyle gercek katsay1 vektorii

p=1051,..,5/2,00,..,0] formuna sahiptir. Farkli seyreklik diizeylerini
N 40-s

temsil etmek iizere; aktif degisken sayist olarak, s = 10,20,30,40 durumlar

alinmistir. s degeri biiyiidiikge seyreklik diizeyi azalmaktadir.

S2.1kinci gruptaki simiilasyon c¢alismalarinda aktif degiskenlerin katsayilarinm
biyiikliigii esit alinmis, aktif olmayan degiskenlerin sayis1 ve konumu
degistirilerek seyreklik ve konumun etkisinin incelenmesi hedeflenmistir. Bu
gruptaki  simiilasyon caligmalarinda, gergek katsayr vektori f =
[a, 0y, a, 0y, ..., a, 0, ] formuna sahiptir. Burada a sinyal degerini (aktif degisken
katsayisinin biiyiikligii), k ise sifir vektoriiniin boyutunu gostermektedir. k’nin
degeri gergcek katsayr vektoriiniin seyreklik diizeyini temsil etmektedir. Bu
calismada a = 1,3,9 ve k = 1,4, 9 degerleri goz 6niine alinmistir.

Ayar parametresi tahmini ve performans kriterlerinin hesaplanmasi i¢in veri kiimesinin
egitim degerlendirme ve test kiimelerine ayristirilmasi yaygmdir [8, 24]. Oncelikle
karsilastirilacak cezali regresyon yontemleri segilen ayar parametresi degerlerinde
egitime tabi tutulur. Bu modeller icin hata kareler ortalamasi degerlendirme kiimesi
tizerinde hesaplanir. Degerlendirme kiimesinde en kiiciik hata kareler ortalamasina sahip
model en iyi model olarak belirlenir. Olusturulan modellerin performansi ise test kiimesi
tizerinde hata kareler ortalamasi hesaplanarak tespit edilir.

Bu calismada, her bir simiilasyon ¢aligsmasi i¢in bagimsiz olarak 100 birimlik egitim, 100

birimlik degerlendirme ve 400 birimlik test kiimesi olusturulmustur. Denklem (1)’deki
dogrusal regresyon modelinde hatalarin standart sapmasi [7]’de oldugu gibi o =3
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alimmistir. Elastik netin ceza fonksiyonu ridge ve LASSO yoOntemlerinin ceza
fonksiyonlarinin konveks bir bilesimi olup burada elastik netin ridge ve LASSO
yontemlerinden farklilik diizeyini gézlemlemek i¢cin @ = 0.5 se¢ilmistir. Ayrica SCAD
ve MCP’nin ikinci ayar parametresinin degeri R’nin ncvreg [23] paketinde varsayilan
degerler olan yg-4p = 3.7 Ve Yy cp = 3 olarak secilmistir.

Cezali regresyon yontemleri ile olusturulan modellerin  performanslarinin
karsilastirilmasinda ¢esitli kriterler kullanilmistir. ¥, agiklayici degiskenlerin kovaryans
matrisi ve 8, ilgili cezali regresyon yonteminin katsayilar vektoriinii temsil etmek tizere,
test kiimesi iizerinde test kiimesi hata kareler ortalamasi

TMSE = (B — B) Z(8 - B)

modellerin 6n tahmindeki performanslarini karsilastirmak igin kullanilmistir. Her bir
yonteme dayali olarak tahmin edilen aktif kiimeler elde edilmistir. Buna dayali olarak her
bir cezali regresyon yontemi tarafindan hatali bir sekilde aktif kiimeye alinan veya aktif
kiimeye alinmayan aciklayict degiskenlerin orani olarak tanimlanan yanlis siniflama
orani ve gergekte aktif kiimenin disinda olmasina ragmen aktif kiimede tahmin edilen
aciklayict degiskenlerin orani olarak tanimlanan yanlis pozitif oran1 yontemlerin degisken
secimindeki performansinin bir gostergesi olarak verilmistir. Son olarak her bir yonteme
dayal1 olarak elde edilen aktif kiime biiyiikliikleri rapor edilmistir.

Simiilasyon caligmalarindaki hesaplamalar i¢in R yaziliminda bulunan glmnet [20] ve
ncvreg [23] paketlerinden faydalanilmistir.

3. Bulgular ve tartisma

S1 grubu simiilasyon ¢aligmalarindan elde edilen sonuglar Tablo 1’de verilmistir. Tablo
1’e gore korelasyon miktar1 orta diizeyde iken degisken secimi yapabilen yontemler tiim
seyreklik degerlerinde, ridge regresyona gore daima daha iyi bir TMSE degeri vermistir.
Korelasyon miktar1 yiiksek oldugunda U-LASSO, MCP ve SCAD yo6ntemlerinde bu
sonucun aksi bir durum séz konusu iken LASSO ve ENET (t = 10,20, 30), ridge
yontemine gore daha iyi bir TMSE degeri vermistir. Seyrek olmayan degerde (t = 40)
yiiksek korelasyonlu durumda ENET ve ridge yontemlerinin TMSE performans: diger
yontemlerden daha yiiksektir. ENET igerdigi ¢, norma dayali terim nedeniyle diger
degisken se¢imi yapabilen yontemlere gore yiiksek korelasyondan daha az etkilenmistir.
Ayrica bu gruptaki simiilasyon ¢alismalarinda genel olarak konveks cezali regresyon
yontemleri, konveks olmayan cezali regresyon yontemlerine gore daha iyi bir TMSE
degeri liretmistir.

S1 grubundaki simiilasyon ¢alismalarinda t = 40 durumunda hi¢bir gercek katsay1 degeri
sifir olmadigindan dolay1 bu degere karsilik gelen yanlis siniflama orani ve yanlis pozitif
orani rapor edilmemistir. Bu 6l¢iiler bakimindan korelasyon orta diizeyde iken konveks
olmayan ceza terimli yontemlerin daha 1yi oldugu sdylenebilir. Yiiksek korelasyon
diizeyinde ise genel olarak LASSO ve U-LASSO konveks cezali regresyon yontemleri
daha iyi bir sonu¢ vermistir. Ayrica aktif kiime biiylikligli acisindan t’nin kiiclik
degerlerinde konveks olmayan ceza terimli yontemlerin gercek seyreklik diizeyine daha
yakin bir model verdigi ifade edilebilir.
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Tablo 1. S1 grubu simiilasyon c¢alismalarinda tahmin edicilerin kalite 6lgiileri.

Yanh Yanh Aktif
s p Yontem l\_/ll_?\(/ljgaEn S;Zg%a;t Slnlﬂalfla Poziti?‘ Kiime
Oram Oram | Bityiikliigii
Ridge 3.4754 0.12 0.75 1.00 40
LASSO 1.4887 0.07 0.18 0.23 16
10 0.7 ENET 2.4481 0.09 0.50 0.67 30
U-LASSO | 1.8351 0.07 0.11 0.10 12
SCAD 1.8739 0.16 0.15 0.17 14
MCP 1.7874 0.06 0.10 0.07 11
Ridge 2.3649 0.07 0.75 1.00 40
LASSO 1.2689 0.08 0.13 0.15 14
10 0.9 ENET 1.6822 0.06 0.43 0.57 26.5
U-LASSO | 2.0993 0.11 0.19 0.20 14
SCAD 2.7183 0.14 0.18 0.13 11
MCP 2.9990 0.12 0.15 0.10 11
Ridge 4.6240 0.21 0.50 1.00 40
LASSO 2.8527 0.08 0.15 0.30 26
20 0.7 ENET 3.8164 0.2 0.43 0.85 37
U-LASSO | 3.2217 0.12 0.13 0.20 23
SCAD 3.0752 0.16 0.13 0.20 23
MCP 3.1644 0.14 0.10 0.10 21
Ridge 3.1012 0.1 0.50 1.00 40
LASSO 2.3856 0.13 0.11 0.20 23
20 0.9 ENET 2.5858 0.1 0.38 0.75 35
U-LASSO | 3.3111 0.13 0.18 0.30 24
SCAD 4.0199 0.27 0.18 0.25 23
MCP 4.0599 0.15 0.15 0.20 22
Ridge 5.9456 0.28 0.25 1.00 40
LASSO 4.2287 0.16 0.13 0.45 34
ENET 4.9067 0.24 0.23 0.90 39
30 0.7 U-LASSO | 4.4028 0.16 0.10 0.30 32
SCAD 4.5254 0.21 0.08 0.20 31
MCP 4.5683 0.2 0.08 0.10 30.5
Ridge 4.4145 0.11 0.25 1.00 40
LASSO 4.1680 0.21 0.13 0.40 33
30 0.9 ENET 3.7363 0.14 0.23 0.90 39
' U-LASSO | 4.7749 0.25 0.13 0.40 33
SCAD 5.0621 0.27 0.15 0.50 34
MCP 5.1185 0.29 0.15 0.50 34
Ridge 7.9400 0.32 - - 40
LASSO 5.6404 0.23 - - 40
40 0.7 ENET 5.7942 0.33 - - 40
U-LASSO | 6.0300 0.33 - - 40
SCAD 5.7938 0.31 - - 40
MCP 5.8115 0.3 - - 40
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Ridge 3.7707 0.17 - - 40

LASSO 6.1566 0.36 - - 40

4 ENET 3.4036 0.26 - - 40
0 09 U-LASSO | 6.7458 0.31 - - 39
SCAD 5.8725 0.41 - - 39

MCP 5.6913 0.36 - - 39

Sekil 1, S1 grubundaki simiilasyon c¢alismalarinda Ridge, LASSO, ENET, U-LASSO,
MCP ve SCAD cezali regresyon yontemleri ile elde edilen TMSE degerlerinin kutu
grafiklerini gostermektedir. Kutu grafikleri, Tablo 1’e dayali olarak verilen S1 grubu
simiilasyon ¢alismalarinin ¢ikarimlarini desteklemektedir.

(s= 10_0 0.7) (s= 1Dp 0.9)
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Sekil 1. S1 grubu simiilasyon ¢alismalarinda TMSE degerlerinin kutu grafikleri

S2 grubu simiilasyon c¢alismalarindan elde edilen sonuglar Tablo 2,3,4’te verilmistir.
Tablo 2,3,4’e gore tiim seyreklik diizeylerinde sinyallerin kiiciik degerleri i¢in konveks
cezali regresyon yontemlerinin daha iy1 bir TMSE degerine sahip oldugu goriilmektedir.
Sinyal degerleri biiyiidiikce, konveks olmayan cezali regresyon yontemlerinin
performans1 kayda deger oOlgiide artmaktadir. Ayrica bliyiik sinyal durumunda ridge
regresyon disinda hem konveks hem de konveks olmayan cezali regresyon yontemlerinin
yiiksek korelasyon miktarindan olumsuz etkilendigi sdylenebilir.

Yanlis siniflama orani, yanlis pozitif oram1 ve aktif kiime biytlikliigii bakimimdan S2
grubundaki simiilasyon ¢alismalarinda konveks olmayan cezali regresyon yontemlerin
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daha iyi bir performans gosterdigi goriilmektedir. Sinyal degerleri biiylik oldugunda,
konveks olmayan cezali regresyon yontemleri, gergek katsay1 vektdriinde bulunan orijinal
degiskenleri dogru bir sekilde tahmin edebilmektedir. Degisken se¢imi performansi
bakimindan bu yontemleri konveks cezali regresyon yontemlerinden U-LASSO yontemi
takip etmektedir. LASSO ve ENET’in degisken se¢iminde bu yontemlere gore daha kotii
bir sonug verdigi sOylenebilir.

Tablo 2. S2 grubu simiilasyon ¢alismalarinda tahmin edicilerin kalite 6lgiileri (k = 1).

Yanh Yanh Aktif
a p Yontem '\./II_?\(/Ijé%n S;ZB?I?: Slnlﬂalzla Poziti?‘ Kiime
Oram Oram | Biyiikliigii
Ridge 2.6575 0.09 0.50 1.00 40
LASSO 3.4971 0.16 0.33 0.55 30
1 0.7 ENET 2.9179 0.13 0.40 0.75 35
' U-LASSO | 4.6678 0.22 0.30 0.40 25
SCAD 5.2912 0.24 0.35 0.55 28
MCP 5.2358 0.31 0.34 0.45 26
Ridge 1.3135 0.03 0.50 1.00 40
LASSO 2.3949 0.06 0.35 0.50 25
1 0.9 ENET 1.6386 0.06 0.45 0.85 36
' U-LASSO | 3.3703 0.12 0.35 0.40 20
SCAD 4.1812 0.18 0.40 0.30 16
MCP 3.9923 0.11 0.40 0.25 15
Ridge 5.2265 0.15 0.50 1.00 40
LASSO 3.8831 0.16 0.30 0.60 32
3 0.7 ENET 4.7422 0.15 0.45 0.90 38
' U-LASSO | 3.0267 0.25 0.10 0.20 24
SCAD 2.3700 0.09 0.03 0.05 21
MCP 2.4014 0.12 0.00 0.00 20
Ridge 3.9098 0.12 0.50 1.00 40
LASSO 3.5183 0.08 0.29 0.55 31
3 0.9 ENET 3.7220 0.11 0.45 0.90 38
U-LASSO | 4.1123 0.22 0.20 0.40 27
SCAD 4.8262 0.20 0.23 0.40 27
MCP 4.8214 0.28 0.23 0.40 26
Ridge 15.0754 0.46 0.50 1.00 40
LASSO 3.8879 0.17 0.30 0.60 32
9 0.7 ENET 8.3847 0.42 0.48 0.95 39
' U-LASSO | 2.2572 0.15 0.03 0.05 21
SCAD 2.1574 0.10 0.00 0.00 20
MCP 2.1203 0.11 0.00 0.00 20
Ridge 14.7462 0.34 0.50 1.00 40
LASSO 3.5751 0.08 0.28 0.55 31
9 0.9 ENET 9.2747 0.31 0.49 0.98 39.5

U-LASSO | 2.4309 0.11 0.03 0.05 21
SCAD 24714 0.09 0.03 0.05 21
MCP 2.7945 0.21 0.03 0.05 21
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Tablo 3. S2 grubu simiilasyon ¢alismalarinda tahmin edicilerin kalite 6lgiileri (k = 4).

Yanh Yanh Aktif
a p Yontem l\./ll_?\(/lj)slaEn S;Zg%a;t Slnlﬂarfla Poziti?‘ Kiime
Oram Oram | Bilyiikliigii
Ridge 2.1533 0.07 0.80 1.00 40
LASSO 1.8979 0.14 0.33 0.38 19
0 ENET 1.9331 0.1 0.44 0.53 25
1 ! U-LASSO | 2.3974 0.13 0.25 0.25 15
SCAD 2.7359 0.13 0.20 0.19 12
MCP 2.7313 0.19 0.15 0.13 11
Ridge 1.1389 0.05 0.80 1.00 40
LASSO 1.4123 0.04 0.30 0.31 15
1 ENET 1.1998 0.04 0.48 0.56 25
0.9 U-LASSO | 1.8746 0.05 0.28 0.22 11
SCAD 2.4490 0.09 0.23 0.16 8
MCP 2.4863 0.11 0.23 0.13 7
Ridge 4.2020 0.13 0.80 1.00 40
LASSO 1.9720 0.12 0.33 0.41 21
3 0.7 ENET 3.3934 0.12 0.65 0.81 34
U-LASSO | 1.1044 0.07 0.08 0.09 11
SCAD 0.7945 0.05 0.03 0.03 9
MCP 0.8122 0.05 0.00 0.00 8
Ridge 3.1102 0.07 0.80 1.00 40
LASSO 2.0007 0.1 0.30 0.36 19.5
3 0.9 ENET 2.6300 0.09 0.60 0.75 32
' U-LASSO | 1.8662 0.16 0.13 0.16 12
SCAD 1.9288 0.2 0.08 0.09 10
MCP 2.4477 0.18 0.10 0.09 10
Ridge 8.4471 0.29 0.80 1.00 40
LASSO 1.9735 0.12 0.33 0.41 21
9 0.7 ENET 5.2776 0.24 0.73 0.91 37
' U-LASSO | 0.8452 0.06 0.03 0.03 9
SCAD 0.7744 0.04 0.00 0.00 8
MCP 0.7550 0.04 0.00 0.00 8
Ridge 8.4469 0.21 0.80 1.00 40
LASSO 1.9876 0.1 0.28 0.34 19
9 0.9 ENET 5.2471 0.2 0.73 0.91 37
' U-LASSO | 0.9076 0.06 0.03 0.03 9
SCAD 0.7953 0.05 0.00 0.00 8
MCP 0.8047 0.06 0.00 0.00 8
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Tablo 4. S2 grubu simiilasyon ¢alismalarinda tahmin edicilerin kalite 6lgiileri (k = 9).

Yanh Yanh Aktif
a p Yontem l\./ll_?\(/lj)slaEn S;Zg%a;t Slnlﬂarfla Poziti?‘ Kiime
Oram Oram | Bilyiikliigii
Ridge 1.5891 0.03 0.90 1.00 40
LASSO 1.1860 0.07 0.25 0.25 13
1 0.7 ENET 1.2246 0.05 0.35 0.39 18
' U-LASSO | 1.4559 0.08 0.20 0.17 9
SCAD 1.4318 0.07 0.15 0.17 9
MCP 1.3318 0.11 0.10 0.08 6
Ridge 0.9749 0.04 0.90 1.00 40
LASSO 1.0032 0.06 0.23 0.22 11
1 ENET 0.9453 0.05 0.35 0.39 175
0.9 U-LASSO | 1.2402 0.07 0.20 0.17 8
SCAD 1.4601 0.09 0.13 0.08 6
MCP 1.5363 0.06 0.10 0.08 4
0.7 Ridge 3.5903 0.10 0.90 1.00 40
LASSO 1.2542 0.07 0.23 0.25 13
3 ENET 2.4609 0.11 0.63 0.69 29
U-LASSO | 0.5620 0.06 0.05 0.06 6
SCAD 0.3893 0.03 0.05 0.06 6
MCP 0.4291 0.04 0.03 0.03 5
Ridge 2.4880 0.08 0.90 1.00 40
LASSO 1.1827 0.06 0.20 0.22 12
3 0.9 ENET 1.9369 0.08 0.55 0.61 26
U-LASSO | 0.8650 0.07 0.09 0.08 7
SCAD 0.4661 0.04 0.03 0.03 5
MCP 0.6660 0.09 0.03 0.03 5
Ridge 5.9307 0.23 0.90 1.00 40
LASSO 1.2536 0.07 0.23 0.25 13
ENET 4.1913 0.22 0.81 0.90 36.5
9 0.7 U-LASSO | 0.3579 0.06 0.03 0.03 5
SCAD 0.3433 0.03 0.00 0.00 4
MCP 0.3564 0.04 0.00 0.00 4
Ridge 5.3943 0.17 0.90 1.00 40
LASSO 1.1881 0.06 0.20 0.22 12
9 0.9 ENET 3.8397 0.15 0.78 0.86 35
U-LASSO | 0.4080 0.02 0.03 0.03 5
SCAD 0.3440 0.03 0.00 0.00 4
MCP 0.3492 0.03 0.00 0.00 4

S2 grubundaki simiilasyon ¢alismalarinda Ridge, LASSO, ENET, U-LASSO, SCAD ve
MCP’den elde edilen TMSE degerlerinin kutu grafikleri Sekil 2,3,4’te verilmistir. Kutu
grafikleri, Tablo 2,3,4’te verilen analiz sonuglar1 ile uyumludur.

Bu calismanin bulgular ridge, LASSO, ENET, U-LASSO, SCAD ve MCP cezal
regresyon yontemlerine dayali olarak elde edilmistir. Literatiirde, katsay1 vektoriine dair
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onsel bilginin kullanimin igeren Geng-Ozkale [25], shift-ridge, shift-lasso [26] ve énsel
LASSO [27] gibi LASSO’nun genellestirmeleri olan tahmin ediciler de bulunmaktadir.
Ayrica veri kiimesinin yapisina bagl olarak 6n tahminde basarili sonuglar veren grup
LASSO [28] ve kaynasmis LASSO [29] tahmin edicileri mevcuttur. S6z konusu tahmin
edicilerin bu calismada incelenen tahmin edicilere gore performanslarinin
karsilastirilmast ayri bir ¢alismanin konusudur.
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Sekil 2. S2 grubu simiilasyon ¢aligmalarinda TMSE degerlerinin kutu grafikleri (k = 1).
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Sekil 3. S2 grubu simiilasyon ¢alismalarinda TMSE degerlerinin kutu grafikleri (k = 4).

176



BAUN Fen Bil. Enst. Dergisi, 26(1), 163-179, (2024)

(a=1, p=07) (a=3, p=07) (a=9, p=07)
. T T T T . T

. 8- e .
- -
4 -
. . . '
. . . Al L] 10 i
3l
. 1 ]
w w w
n “ . 7]
= = 4k =
= | F =
5[ i
L
2+ . -
: | I
L] L
-
ol ! é é_ a Eb é %
[ 1] S 1 = 1 1 1 1 L 1 1 1
Ridge LASSO EMNET U-LASSO SCAD MCP Ridge LASSO EMNET U-LASSO SCAD MCP Ridge LASSO EMET U-LASSOSCAD MCP
(a=1, p=0.9) (a=3, p=0.9) (a=9, p=029)
T T T 125 T T T
6 il
L] - -
s
. . 100 3
4 .
. 4 . . .
. L 75 .
L] . . w
Bl e ] ]
= = (] =
- - -
. 50 .
2 . 2
. .
25 * .
| _ % é !L
L] i [ 0o a

o 1 1 1 1 1 1 1
Ridge LASSO EMET U-LASSO SCAD  MCP Ridge LASSO EMET U-LASSO SCAD  MCP Ridge LASSO EMETU-LASSOSCAD MCP

Sekil 4. S2 grubu simiilasyon ¢alismalarinda TMSE degerlerinin kutu grafikleri (k = 9).

4. Sonuclar

Bu ¢alismada, gercek katsay1 vektoriiniin 6zelliklerine bagli olarak konveks ve konveks
olmayan cezali regresyon yontemlerinin dogrusal regresyon modelinin performansi
tizerindeki etkisi arastirilmistir. Model katsayilarinin biiytikliigii, konumu ve sinyal
degerleri g6z Oniine alinarak; ridge, LASSO, ENET ve U-LASSO konveks cezali
regresyon yontemleri ile SCAD ve MCP konveks olmayan cezali regresyon
yontemlerinin ayrintili olarak bir karsilagtirmast yapilmistir. TMSE karsilastirma
kriterinden elde edilen sonuglara gére modelin gergek katsay:1 vektoriiniin yapisina baglh
olarak konveks ve konveks olmayan cezali regresyon yoOntemlerinin 6n tahmin
performansi gergek katsay1 vektoriiniin yapisindan biiyiik 6l¢iide etkilenmektedir. Yanlis
simiflama orani, yanlis pozitif oran1 ve aktif kiime biiylikliigli 6l¢iilerine gore gergek
katsay1 vektorii ve veri kiimesinin Ozellikleri, konveks ve konveks olmayan cezali
regresyon yontemlerinin  degisken secimindeki basaris1 iizerinde etkilidir.
Gergeklestirilen simiilasyon c¢aligsmalar: ile seyreklik ve sinyal biiytikliigii bakimindan
farkli yapida olan modellerde, tahminleme ve degisken secimi konusunda konveks ve
konveks olmayan cezali regresyon yoOntemlerinin gii¢lii ve zayif yonleri ortaya
konmustur.
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Abstract

In this study we first show that NV satisfies two important homological properties, namely
Rees short exact sequence an d short five lemma. In addition, by defining inversive
semigroup varieties of N we prove that strictly inverse semigroup Nis isomorphic to the
spined product of (C)-inversive semigroup and the idempotent semigroup of V. Moreover,
we give some consequences of the results to make a detailed classification over M. It has
been recently defined a new semigroup N based on Rees matrix and completely 0-simple
semigroups. Further, it has been also proved finiteness conditions and the existence of
some fundamental properties over N.

Keywords: Rees matrix semigroup, spined product, completely 0-simple Semigroup.

N yarigrubu lizerinde bazi yeni 6zellikler

Oz

Bu ¢alismada ilk olarak N nin iki onemli homolojik ozelligi, yani Rees kisa tam dizisi ve
kisa besli lemmayr sagladig1 gosterilmistir. Ek olarak, N'nin ters yari grup cesitlerini
tammlayarak, kesin olarak ters yarigrup N min (C)-ters yarigrup ve N'min idempotent
yvarigrubunun (spined) dondiiriilmiis carpimina izomorfik oldugu kanitlanmistir. Ayrica,
N iizerinden ayrintili bir simiflandirma yapmak icin bazi sonuglar verilmistir. Son
zamanlarda Rees matrisine ve tam 0-basit yar: gruplara dayali yeni bir yart grup olan N
tammlanmustir. Dahasi N tizerinde bazi temel ozelliklerin ve sonluluk kosullarinin varligi
da kanitlanmistir.

Anahtar kelimeler: Rees matris yarigrup, dondiiriilmiis ¢carpimlar, tam basit sifir
yarigrup.
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1. Introduction and Preliminaries

Since their introduction into the mathematical literature in the early 1900s, semigroups
have become one of the most-studied classes of algebra with many mathematician
devoted to their understanding. Such important objects of study have naturally given rise
to a number of different methods for their investigation. So, very important semigroup
classes is emerged.

In [11], we created a new semigroup class and denoted it by N. When a new semigroup
appears, it is necessary to investigate the properties of this semigroup. For example, in
[13] and [14] the authors considered a new product and gave some properties on a special
product of semigroups (and monoids) [1]. In this paper we more deeply investigate the
place NV in the literature as a continuation of the work [11].

It is a well known fact that, in group theory, a group extension is a general means of
describing a group in terms of a particular normal subgroup and quotient group. If B and
A are two groups, then G is an extension of B by A if there is a short exact sequence
1->A4- G- B- 1.

Group extensions arise in the context of the extension problem, where the groups B and
A are known and the properties of G are to be determined. If there is a short exact sequence
for the semigroup A, this sequence gives an idea about the, just like in the G group.
Therefore, it is a question of wondering whether a short exact sequence can be created
for the semigroup N. In order to set the scene for what follows, it is necessary to give a
definition short exact sequence of semigroup or monoid. Chen and Shum [3] introduced
Rees short exact sequence of acts over monoids. In [6], the authors investigated
conditions under which flatness properties of right acts A and C in the Rees short exact
sequence 0 - A— B — C — 0 can be transferred to B. It is clear that short exact
sequence which is called Rees short exact sequence over monoid reveals many features.
So it makes sense to try to define the Rees short exact sequence for Nand that is what we
will do in Section 2.1. (see Theorem 2.1.) in below.

Spined products of semigroups were first defined and studied by Kimura [7]. After that,
spined products have been considered many time as predominantly those a band and a
semilattice of semigroups with respect to their common semilattice homomorphic image
[2]. In this paper we show that N is isomorphic to spined product of Rees matrix
semigroup and completely 0-simple semigroup (see Theorem 2.2.)

In [6] the authors presented short five lemma over monoid and also defined some detailed
information on it. In this paper, we will create a commutative diagram by combining
properties of short five lemma and spined product of N (see Corollory 2.3.)

The classification of types of semigroup has normally arisen only as an incidental problem
since the difficulty of the classification problem in general. So any classification of
semigroups naturally important. In [11] it has been proved that the semigroup N is
completely inverse and regular. As a continuation of this classification in [11] we will
continue to make some new classifications in here. We will prove that N is strictly
inversive semigroup (in Theorem 2.4 and also it is a (C)-inversive semigroup (in Theorem
2.5). Furthermore we will state some corollaries as a result of these classifications (see
Corollaries 2.6., 2.7. and 2.8.)
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Throughout this paper all notations and terminologies are taken from [11]. For other
undefined terminologies and definitions, the reader is referred to [4-5].

Now, we will recall some fundamental concepts and definitions which will be needed in
this paper. First, let us recall the definition of the semigroup Ngiven recently in [11]. We
consider the following mapping

y: (Mg X Mc) x (Mg X M¢) —» (Mg X M)

that has the binary operation * as

[a,b,c),(d,e, )] * [(k,[,m),(x,y,2)] =

((a, bp(cil, m), 0) if Py # 0andppy =0

(0, (d, ep{ry Z)) if Py =0and piey # 0

n ((a, bpicigl, m),(d, ep{{}x}}y, Z) if Py # 0and pgpy # 0
(0g,0.) if Dicxy = 0and p{’fx} =0, €Y

—

where (a,b,c),(k,[,m) in element Mg, (d,e, f),(x,y,z) in element M.. In here
completely O-simple semigroup M°[G{%; 1,J; P’] defined by the set I x G'® x ] and
Rees matrix semigroup M°[S'%; 1,J; P| defined by the set I x S{% x | are denoted by
the notations My and M., respectively.

Then the set Mz x M, defines the semigroup M°[S{%,G°; Mg, Mc; P,P'] using the
operation given in (1). For simplicity, we denote this new semigroup by N. More detailed
information can be found in [11]. It is obvious that a detailed chechking implies this
binary operation does not turns out to be componentwise multiplication.

In (1) again for simplicity, we will use the shortcuts (r, 0) for the first line, (0, ¢) for the
second line, (7, ¢) for the third line and (0,0) for the last line, respectively. Therefore
each of r,c and 0 contains a triple in itself. For example (0,0) means

[(a,0s,b), (c,0q, d)].

Definition 1.1. [10] A semigroup is called an externally commutative semigroup if it
satisfies the identity axb = bxa.

Lemma 1.2. (N,x) is commutative semigroup if the following conditions are satisfied:
(i) The index sets I and J contains an unique element.
(if) S is externally commutative semigroup.
(i) G is commutative group.

Proof: Suppose that N is commute, i.e. for every x',y' € Nx'x y' =y'x x'.
According to [11, Remark 2.1.] it is well known that third line of operarion » defines the
general situation. For this reason, we consider the form (r, ¢) which is the most common
form among the others and clearly including other cases in (1). Therefore we have
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[(@b,c), (e, ] * [(x,3,2), (e Lm)] = [(x,7,2),(L,m)] *[(ab,c),(de, )]
|(@,bpgeny,2), (dep’ pylm)| = 1C6yPEab, O, U 1D gmaye, )]

If the index sets I and J contains an unique element, i.e I = {i} and J = {j}, then we
havea=d=x=k=iandz=m = c = f =j. In case the equality [(a, bp(x}y, Z),
(d, ep’{fk}l, m)] = [(x,ypiayb, c), (k. Ip" pmaye, )] implies that
[, by, 1), (Lep' ;3 L] = [(Lypgab.j), (i Ip'yne )] It remains to show that
bpginy = ypginb and ep'yiy L = Ip'(jne. If S is externally commutative semigroup, then
we have bp;y = ypgjpb. Similarly, if G is commutative group, ep'jl = Ip'gje is
satisfies. Hence the result.

The following definitions will be used in the classification of .

Definition 1.3. [12] A semigroup S is called strictly inversive if the set of idempotents of
S is a subband of S.

Definition 1.4. [4,5] A semigroup S is called inversive if it is satisfies one of the
following conditions.
i. S has an idempotent and the set of idempotents of S is a subband of S.
ii.  Forany element x of S, there exist an element x} such that $
xx™ = xUx and xxtx = x.

Definition 1.5. [12] Let S be an inversive semigroup. If it satisfies xy = yx, then S is
said to be (C) —inversive semigroup.

For a sequence of semigroup homomorphisms -+ — Lg =/ Mg =9 Ng - -, we said
that itis Mg exact if Mg provided kerg = Kmy, Where i, = (Imf X Imf) U Ay
such that Agy is the identity congruence on M. If Lg, Mg and Ny are exact in the sequence
0- L; » Mg - Ng — 0,then this sequence is called Rees short exact sequence.

Lemma 1.6. [6]
Let the following diagram be commutative with Rees short exact rows.

14
0— M 2 +N - K -0
o B 1
0—,,M’ (pf‘Nf 1/[, .LK’ hO

Figure 1. Commutative diagram

Then
i. If a andy are monomorhism, then £ is monomorphism.
ii. Ifa andy are epimorphism, then 8 is epimorphism.
iii. Ifa andy are isomorphism, then g is isomorphism.
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If P and Q are two semigroups having a common homomorphic image Y, then the spined
product of P and Q with respectto Y is S = {(a,b) € P X Q| ¢(a) = y(b)}, where
@:P - Y and ¥: Q - Y are homomorphisms onto Y [1]. Let us notate the spined
product by X;.

The structure of this paper is designed to obtain new properties of the semigroup structure
N. It is divided into several sections, each of which serves a specific purpose and
contributes to the overall understanding of our findings. Firstly we will prove that N is a
Rees short exact sequence in Section 2.1 (Theorem 2.1.) After we will show that
semigroup N is the spined product of Mg and M. in Section 2.2 (Theorem 2.2.).
Combining the results obtained in Section 2.1 and 2.2, we will found an important result
(in Corollary 2.3.). In Section 2.3, we will prove that N¢ xg E(N) = N’ (in Corollary
2.6.) In fact, to obtain Corollary 2.6., we proved Lemma 1.2. and Theorem 2.5., we stated
and proved necessary and sufficient conditions N is strictly inversive semigroup (in
Theorem 2.4.). Combining some results in this paper and [11, Theorem 2.7.] we state
some further results in Corollaries 2.7.and 2.8.

2. Results

In this section we give our main results with different subsections. N is commutative
semigroup, unless otherwise stated.

2.1. Nsatisfies short exact sequence0 - Mg - N - M; - 0

Theorem 2.1. 0 »% M, -/ N -9 M. —-F 0 isa Rees short exact sequence.

Proof: Firstly, it is must be shown that Mg, N and M, are exact. Let us consider the
mappings

a: 0 - My
[(2, 05, /), (0,06, D] = nx [(,0s,)), (i, 06, /)],
f . MR il N

[(i,5,), (i, 06, D] = nx [(i,s,)), (i, 06, )] ,

where n e N. It is clear that ais well defined. It is easily seen that n *
[(05,)),(0,0g, DI € N If [(0,s,)), (0,06, )] = [i,5,)), (i,0g, /)] then  nx
[(i,s,)),(i,06, )] = n* [(i,s",)), (i,0¢, /)] In this case f is also well defined. Clearly
these mappings are all homomorphisms. The task is now to find kernels and images of
these homomorphism. In fact
kerf ={[(s,)), (i,0g D] [(i,s",)), (i, 06, )]} and also
Kima= {[(l, OS'fj)’ (l, Og;j)], [(l, OS'j)’ (l' OG'])]} U A{MR}
= {[(l’ OS"j); (l’ OG 'j)]’ [(L’ OS'j)’ (l’ OG'])]}
U {[(l, S;j), (l’ OG'j)]' [(L' S,’j); (l’ OG'])]} = kerf

184



URLU OZALAN N.

which implies that My, is exact since kerf = k. On the other hand, for the mappings

g: N> M
(G50, g D] = nx [(6,0s,)), (b g, D],

B: M- 0
[(i,0s,/), (i, g, )] » mnx [(§,0s)), (0,06 )],

where n € N. In the same manner we can see that g and g are well defined. We can
consider a similar process as in the following.

Kima = (Imf X Imf) U Ay

= [(@ xpgips, ), (0, 06, D1 [0 xpginys, 1), (1,06, DU Ay
(here xpgj;s is an element in the semigroup S, i.e, pgjps = b € S)

= {[(l, b,]), (l! OG)])]) [(l, b'])) (l’ OG’])]} U {[(l' S'j)' (l' g,])], [(l' S’,j), (l, g’l])]}

={[@S ) GG6NHLIES D GG DI} =ker f
and so Nis exact since kerg = k. Similary, we have ker B = kg SO M is exact.

Therefore 0 > M - N—- M. — 0 isa Rees short exact sequence.

2.2 N is spined product M, and M

Firstly we show that N is spined product of My and M in this subsection.

Theorem 2.2. Let S be a rectangular band. Then Nis the spined product of M and M,..
Proof: Let us consider the mappings

: Mp—> N Y: Mc—> N
(r,0) » (r,c)* (7”1,0) (0,¢) » (r,c)* (0,c_1)

First of all we have to prove that these mappings are well defined. There is no doubt that
(r,c) * (r,0) and (r,¢) x (0,cy) in elements of M. If (r,0) = (r',0), then ¢ (r,0) =
(r,c)x (r,0) = (r',c) * (r,0) = @ (r',0). One can prove, in a similar way to the
proof of well defined of ¢, that if (0,c¢) = (0,c"), then ¥ (0,¢) = (r,¢) * (0,¢;) =
(r,c¢")* (0,¢c;) =y (0,c"). So ¢ and y are well defined.

Since S is a rectangular band,

(r,0) * (r10) = [(i,b, ), (i, 0¢, D] * [(i, b, ), (i,05,))]
= [(i, bpgyb, ), (i, 06, )]
@[(r,0) * (r,0] = [(i,s,)), (i, g, D] * [(&, bpgiab', i), (i, 06, )]

= [(i, spgab'prnb' j), (1, 06, )] 2)
@(r,0) * @(r,0) = [(i, spynh. i), (i, 0, D] * (i, spyuyb’, ), (0, 06, )]
= [(i, spgabpgnspgab’ ), (4, 06, j )] (3)

The expressions (2) and (3) are equal and so ¢ is a homomorphism. Similarly v is also a
homomorphism.
Therefore we obtain M, X M. = N since ¢ (r,0) =y (0,c) = N.
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Corollary 2.3. The following diagram is commute.

0 —— Mp » N s Moo —— 0
) —— Mp —— Mpg xs Mc s Mo > ()

Figure 2. Commutative diagram for &

Proof: We proved that NVis the spined product of Mg and M. in Theorem 2.2. Conditions
for creating a commutative diagram are given in Lemma 1.6. By using Theorem 2.2. and
Lemma 1.6. we deduce immediately the truthfulness of the corollary.

23N xg Ey= N'

In this part, the properties (C) —inversive semigroup and strictly inversive semigroup
over Nwill be denoted by N ¢ and NV ' respectively.

It is well-known that inversive semigroups are very important classes in semigroup
algebra. In fact, different varieties of inversive semigroups have been used frequently in
studies. For example, every regular semigroup is an E —inversive semigroup which is a
variant of the inversive semigroup and this is very crucial for the classification of
semigroups [9]. We may also refer, for example, [8,12].

In this subsection, we focus on some varieties of inversive semigroups. In addition, by
applying the spined product obtained in Section 2.2. We present some important
semigroup classifications from inversive varieties of N.

Theorem 2.4. If S is a rectangular band, then N is strictly inversive semigroup.

Proof: Let us assume that S is rectangular band. In [11, Lemma 2.3.], the elements form
of E(N) which is [(i, b, ), (i,d, )] such that p{;;; = d% and S is a rectangular band.
By Definition 1.4., it is known that the set of idempotent element should be a subband of
N. Since every element of E(N)is idempotent and S is a rectangular band, N is strictly
inversive semigroup as stated in Definition 1.4.

Theorem 2.5. If N is commutative, then N is (C) —inversive semigroup.

Proof: As it mentioned in the proof of Theorem 2.4., the form of E (N) is depicted in [11,
Lemma 2.3]. We said that for the semigroup N to be commutative, the index sets must
have one element Lemma 1.2. According to this fact, the elements of the idempotent set
E(N) will be the formed as [(i, b, j), (i, d, j)] such that S is a rectangular band and p{'ﬁ} =

d=1 Itis clear that E(N)is a subband of N. Thus, by considering also Definition 1.4. we
get that N is (C) —inversive semigroup while N is commutative.

In [12], an important theorem (structure theorem) states that a semigroup is isomorphic
to the spined product of a (C) —inversive semigroup and a band if and only if it is strictly
inversive. By using this result and Theorems 2.4., 2.5. we have the following corollary
which is easily verified.
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Corollary 2.6. Let S be acommutative regular semigroup and G be a commutative group.
Then N is isomorphic to the spined product of N¢ and E(N).

Furthermore, by using [11, Theorem 2.7.] Lemma 2.2. and Theorem 2.5., we have the
following consequence as a result.

Corollary 2.7. If N is completely inverse semigroup, then N is (C) —inversive
semigroup.

According to [11, Theorem 2.7.] we also have the following important corollary.

Corollary 2.8. N strictly inverse if and only if it is completely inverse semigroup.
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Abstract

Variable exponent Lebesgue spaces are generalizations of classical Lebesgue spaces and
have importance in many branches of Mathematical Analysis. Especially, direct and
converse theorems and their improvements are studied by many mathematicians in these
spaces. In this article, direct and converse predictions for the rate of convergence of
Fejér means of functions belonging to the variable Lebesgue space LPO(R) are
established by using an appropriate K-functional. In this way, the result of Z. Ditzian
on Fejér means in classical Lebesgue spaces LP(R)(1 < p < o) is generalized.

Keywords: Fejér means, fourier transform, variable exponent Lebesgue space.

Reel eksende degisken uislii Lebesgue uzaylarda Fejér ortalamalar

Oz

Degisken iislii Lebesgue uzaylar: klasik Lebesgue uzaylarinin genellemeleridir ve
Matematiksel Analizin bircok dalinda éneme sahiptir. Ozellikle direkt ve ters teoremler
ve bunlarin gelistirilmesi bu uzaylarda bir¢cok matematik¢i tarafindan incelenmektedir.
Bu makalede, degisken iishi Lebesgue uzayr LPO(R)'ve ait fonksiyonlarin Fejér
ortalamalarimin yakinsaklik hizina iligkin dogrudan ve ters tahminler, uygun bir K-
fonksiyonu kullanilarak olusturulmustur. Bu sekilde, Z. Ditzian'in klasik Lebesgue
uzaylarinda LP (R)(1 < p < ) Fejér ortalamalarina iliskin sonucu genellestirilmistir.

Anahtar kelimeler: Fejér ortalamalar, fourier doniisiimii, degisken tislii Lebesgue uzayu.
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1. Introduction

The classical Lebesgue spaces LP (1 < p < o) are very important spaces for studying
approximation theory problems. There are several direct and converse theorems of
approximation theory on L spaces defined on the real axis R or on its intervals. These
theorems can be found in the monographs [1] and [2]. In recent years, approximation
problems that replace a fixed exponent p with a variable exponent p(:) in variable
exponent Lebesgue spaces, which are a generalization of classical Lebesgue spaces, have
also been studied. Most of these studies are concerned with variable exponent Lebesgue
spaces of 2m-periodic functions and summability methods of trigonometric Fourier series
(see, for example, [3]-[11]). In this work, we established an approximation theorem for
Fejér means of non-periodic functions belonging to variable Lebesgue space LPC)(R),
and generalized Theorem 1 of [12].

Variable exponent Lebesgue spaces have been used in many areas of Mathematical
Analysis in recent years. In this part, we give a brief knowledge of variable exponent
Lebesgue spaces. More details about these spaces can be found in [13, Chapters 2-5].

The set of all Lebesgue measurable functions P (IR) are denoted by
p(): R - [1, 0],
which are referred to as exponent functions. For p(-) € P(R) we set

p_: = essinfp(x), p,: = esssupp(x).

XER XER

A function p(-) € P(R) is referred to as locally log-Holder continuous if there is a
constant ¢, such that

Co 1
— < 0 — -
Ip() =PI < 5 0y ER I —yl <3, (1.1)
and log-Holder continuous at infinity if there are constants ¢, and p,, such that
Coo
P() = Peol < iy X € R (1.2)

The class of exponent functions which satisfies both (1.1) and (1.2) will be denoted by
LH(R).

For an exponent function p(:) € P(R) and a Lebesgue measurable function f, the
modular associated with p(+) is defined in the following

P = [ IFGOPDdx+ Ifll ()
R\RE

where RP”: = {x € R:p(x) = »}. The variable exponent Lebesgue space LPO(R) is
the set of Lebesgue measurable functions f such that p,)(f/a) < oo for some a > 0,
which is a Banach space with respect to the norm

”f”Lp(-)(]Rg): = inf{a > inp(.)(f/a) < 1}.

(see [13]). Incase p(x) = p, 1 < p < oo, LPO(R) coincides with the classical Lebesgue
space LP(R).
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The analog of Minkowski’s inequality holds for variable exponent Lebesgue spaces (see
[13, Corollary 2.38]).

If f:Rx R - R is Lebesgue measurable and f(-,y) € LP(R) for almost all y € R,
then

R

< L IFCI 0 dy. (L3)
Lp(')(]R) R

Note that, throughout the paper, the expression X < Y means that there is a constant K >
0 such that X < K.Y holds.

A non-negative, measurable function w is called a weight if 0 < w(x) < co almost
everywhere. For 1 < p < oo, the weighted Lebesgue space L, (R) with the weight w is
defined by the space of all Lebesgue measurable functions f such that

1

P
1 ll2 ry: = (fR If(x)lpw(x)dx> < o,

For 1 < p < o, a weight function w is in the Muckenhoupt class 4, (R) if

p—-1
5111p <|Tllfl w(x)dx) (lTllfI w(x)l‘p'dx> < oo,

where the supremum is taken over all intervals I ¢ R, and p’ = p/p — 1 (1] is the length
of the interval I). The Muckenhoupt class A;(R) is defined as the class of weights w
such that

esssupM <
XER w(x)

)

where M is the Hardy-L.ittlewood maximal operator, that is,
M():f = Mf () = sup [ f()dy.
X

The following extrapolation theorem can be deduced from Theorem 3.16 and Corollary
5.32 of [13].

Theorem 1: Let p(-) € LH(R) and 1 < p_ < p, < o and p, = 1. Suppose that for a
family of functions F, the inequality

f F(x)Pow(x)dx < f G(x)Pow(x)dx, (F,G) € F

R R

where (F, G) are pairs of non-negative, measurable functions, holds Yw € A, (R). Then,
for (F,G) € F,

”F”LP(J(R) s ”G”LP(‘)(R)-

Note that the conditions p(-) € LH(R) and 1 < p_ < p, < o are sufficient for the
boundedness of the Hardy-Littlewood maximal operator on the space LP)(R) ([13,

p.89]).
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2. Approximation by Fejér means in variable exponent Lebesgue spaces
Fejér means of the function f € LPO)(R) are defined as

F(F)(): = (F * G(x) = f fx— DG()dt,
R

where

A\ ?
1 Sin—

Gy (0): = e

T ,A>0
2
is the Fejér kernel.

The Hilbert transform of f € LPO(R) is given by
1[ flx—t
H(f)(x):zP.V.;f jydt,

where P. V. means Cauchy Principal Value. By [14, Theorem 9] we have
||H(f)”L€,(lR) S ”f”Lev(R)’f € L@(R),

where 1 < p < o and w € 4,(R), hence Theorem 1 yields H(f) € LPO(R) for f €
LPO(R), provided that p(-) € LH(R) and 1 < p_ < p,. < . We consider the subspace
HPO(R) of LPO(R) defined by

HPO(R): = {g € L”(')(R):;—xH(g) c Lp<->(ma)}.

This article is devoted to estimating the rate of approximation of the Fejér means in the
LPO(R). The main result of the article is the following Theorem 2.

Theorem 2: Let p(-) € LH(R) and 1 < p_ < p, < 0. For f € LPO(R) we have

K(f, %)Lp(_m S IEH) = Fllpog < K (£.3)

LPO(R)

where

_ d
KU 0 0y = mf{nf = gllmo + ¢ |- H(o)

g € 7{P<'>(R)}.
Lp(')(]R)

To prove the above theorem, we require the following Lemma.

Lemmal: Letp(:) e LH(R)and 1 < p_ < p, < o. Then
”Fl(f) _f”LP(')(R) - 0,1 - (21)
for f € LPO(R).

Proof: Fix e > 0. Since L7 (R), the space of bounded functions of compact support, is
dense in LPO(R) ([13, Theorem 2.72]), there exists a function g € L*(R) (not identically
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zero) such that [If — gll vy < €.
By [15, Theorem 2.1],

A2 gy < Il (s € L, (R)

for1 <p <ocoandw € 4,(R). Thus, by Theorem 1, we get

IE. (Ml po gy S IRILpo g, h € LPO(R). (2.2)
Then by (2.2),

I1F2(F) = fll oy < 12U = Dl ooy + 1Fa(9) — gll ooy + If = g1l ooy

< 211f = gll o + 1F1@) = gl o

< 2e + IFa(9) = gll po> gy

Since € > 0 is arbitrary, showing

1F2(9) — gll poo gy = 0,4 >

will be sufficient to complete the proof. By [13, Theorem 2.58] the last statement is
equivalent to modular convergence, i.e.

[ 1E@)60 =~ gGPOdx - 0,2 e
R
Itis clear that g, € Ly (R) and ||golle < 1/2 for the function

1
go(x):= mg(x)-

Since ||Gy]l; = 1, (see for detail [12]) we get

1Fa(go) ()| = (G * go) ()| =

[ 90 = DGr(020e
R

<lGllillgolle = 1/2,
which implies ||F;(go)lle < 1/2, and hence

1F2(g0) — golleo = 1G2 * go — gollew < 1.
Therefore,

JlFA(Q)(X)—g(x)I”(")dx=j 1(Gr * 9)(x) — g(0) PP dx
R R
=J 1(Ga * 21191l 0 g0) (x) = 21l glle0go ()PP dx
R
N J 2llgll)? @162 * go) ) — go ()PP dx
R

< Cllgllo + 1% [ 162 900 - go(IP
R
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< 2lgll, + 1)P* f Gy * 90) () — go () P-dx.
R

Since g, € LP-(R), we have

f Gy * 90) () — o () [P-dx = 0,2 > o0
R

(see, for example [16, Theorem 2.6.4]) and (2.1) follows.

Proof of Theorem 2: The inequality (2.2) implies F; = G, * f € LPO(R) for f €
LPO(R). Thus, the identity

Gl*f_G/l*(G/l*f):%;_xH(GA*f)» (2.3)
which is proved in [12], yields %H(GA * f) € LPO(R), hence G, * f € HPO(R). By
considering this fact, (2.3) and (2.2), we obtain

1 1d
K(f,= <|If - oo+ = = H
(f' A)LP(')(R) = ”f G)l * f”Lp()(]R) + 1 ||dx (Gﬂ. * f)

=|lf — Gy = f”Lp(')(R) + |Gy f— Gy (Gy = f)”Lp(-)([R)
S ”f — G *f”Lp(')(lR)’

which yield the converse inequality.
Let € > 0 be arbitrary. By definition of K(f, %)

HPO(R) such that

LPO(R)

PO® there exist a function g, €

If = gellupoe + 5 [ H@O || iy gy < A+ OK (£:3) (24)

LPOR LPOR)

By considering (2.2),
If = 2Dl powy < I1f = gell pomy + 196 = Ga * gell oo gy
+162 % (e = Al pog
S = gellpory T 196 = Ga * gell oo (gy-
We have
lge — Ga * gell ooy < G2 * ge — Ga * (Ga * gl ooy
H1G2 * (G * gO) = Gy * (G * g ooy
HIGr * (Gr * ge) = gell o wy
=1 +L(r)+ ()
for r > 0. Using (2.2) again,
I5(r) = 116, * (Gr * g&) — gell poy
<Gy * (Gr * ge = g ooy T 1Gr * ge — Gell oo gy
S NGy * ge = gell oo ry-
193



BAUN Fen Bil. Enst. Dergisi, 26(1), 188-195, (2024)

By Lemma l, |G, * ge — gell po>(ry = 0, and hence I3(r) — 0 asr — co. Thus we have

I;(r)<e=

H(ge) 1r>

= Te.
A ||d LPO(R) €

Since

d d
EH(G/I * ge)(x) = (GA * aH(ge)> (x),

by (2.3) and (2.2) we get
I = 1Gy * ge — Gy % (G * gl ooy

”GA * = H(ge)

S—|(|-—H .
LPO(R) AHdX ( E) LPO(R)

It is known that (see [12])
d 2 d
a(Gt * (G * ge)) = t_z(Gt * EH(ge))

Considering this equality, (1.3) and (2.2),
L) = |Gy * (Gy * g&) — Gy * (G * gl o gy

r

f (Gt * (G * ge))dt

A LPO(R)
T
=2|[ = ( H(ge)> dt
A LPO(R)
T
] .
S * —
. t LPO(R) t?
T
<o), | =
~ldx ge LPO(R) . 2

< ||
= 7 llax e
By combining these estimates for I;,I,(r) and I5(r), and considering (2.4) we get

If = B(Ollpog s A+ (f.5)

Since € > 0 is arbitrary, this gives the direct estimate.
By taking p(x) = p, i. e. in the LP(R) (1 < p < o), this theorem was obtained by Z.
Ditzian in [12].

Lp(')(lR).

AJ pC )(]R)
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Kenar eklemenin indirgenmis ikinci Zagreb indeks
ve hyper-Zagreb indeks lizerine etkisi
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Oz

Bir grafa kenar/kose ekleme ya da bir graftan kenar/kése silme islemi, verilen bir graf ya
da graf sunifimin gerekli bir¢ok ozelligini ¢calismada oldukg¢a kullanislt bir yontemdir. Bu
yontemi art arda uygulayarak daha kiigiik graftan elde edilen daha biiyiik bir graf
hakkinda bilgi edinilebilir. Bu ¢calismada, bir grafa yeni bir kenar eklemenin indirgenmis
ikinci Zagreb indeks ve hyper-Zagreb indeks iizerine etkisi incelenmistir.

Anahtar kelimeler: Indirgenmis ikinci Zagreb indeks, hyper-Zagreb indeks, kenar
ekleme, kose ekleme.

Effect of edge addition on reduced second Zagreb Index and
hyper-Zagreb Index

Abstract

Vertex and edge addition/deletion to a given graph is a useful method to study several
required properties of a given graph or graph class. Successively applying these
methods, one can obtain such information on a large graph by means of smaller graphs.
In this work, we studied the effects of adding a new edge to a graph on the reduced
second Zagreb index and hyper-Zagreb index.

Keywords: Reduced second Zagreb index, hyper-Zagreb index, edge addition, vertex
addition.
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1. Giris

G = (V,E), kose kiimesi V(G) = {v,, v, -+, v} ve kenar kiimesi E(G) = {v;v;:v;,vj €
V(G)} olan dongii ya da katli kenar bulundurmayan n mertebeli ve m boyutlu basit bir
graf olsun. Bu durumda G’nin mertebesini ve boyutunu vurgulamak igin G yerine
G (n,m) kullanilir. Eger e, G’nin v; ve v; komsu koselerini birlestiren bir kenari ise bu
durum e = v;v; ile gosterilir. Herhangi bir v € V(G) kosesinin derecesi dg(v) ya da
kisaca d,, ile gosterilir. Derecesi 1 olan kdseye pendant kdse denir. Bir pendant kdseye
sahip olan kenara ise pendant kenar denir. u kosesinin komsulugu Ng(u) = {v €
V(G): G grafinda v kosesi u kosesine komsu}  seklinde tamimlanir. U kdsesinin
komsularmin derececeleri toplami ise 8 () = Yyen @) de (V) seklinde tanimlanr.

Bir kimyasal molekiil, her bir atomu bir kdseye ve her bir kimyasal bag1 da bir kenara
karsilik tutularak olusturulan bir graf ile modellenebilir. Topolojik graf indeksleri,
atomlarin ve molekiillerin ¢esitli 6zelliklerini baz1 matematiksel teknikler araciligiyla
incelemek i¢in tanimlanir ve kullanilir. 3000°den fazla topolojik graf indeksi bir¢ok
matematikg¢i ve kimyager tarafindan tanimlanmis ve incelenmistir. Bu indeksler, graflarin
cesitli fiziksel, kimyasal 6zelliklerini 6lgen degismezler olarak tanimlanir. 1947 yilinda
Wiener, parafinlerin kaynama noktalarini belirlemek icin ilk topolojik indeksi
tanimlamistir, [1]. Daha sonra 1972 yilinda Gutman ve Trinajstic, [2], QSAR ve QSPR
caligmalarinda en Onemli topolojik graf indeksleri olan birinci ve ikinci Zagreb
indekslerini tanimlamislardir. [3]'de birinci Zagreb indeksi i¢in bazi alt ve {ist sinirlar
belirlenmis ve diger bazi topolojik indekslerle iligkileri verilmistir. Zagreb indekslerinin
matematiksel teorisi ve kimyasal uygulamalarinin ayrintilari i¢in bkz. [4, 5, 11].

Birinci ve ikinci Zagreb indekslerinin farki Furtula, Gutman ve Ediz [6] tarafindan
incelenmis ve bu farkin indirgenmis ikinci Zagreb indeksi ad1 verilen ve

RMy@) = ) (dy= 1D (dy— 1) (1)

UveE(G)

seklinde tanimlanan kdse derecesine dayali degismezle yakindan iliskili oldugunu
gostermiglerdir.

2013 yilinda Shirdel, Rezapour ve Sayadi, [7], hyper-Zagreb indeksi olarak adlandirilan
ve

HM@) = ) (dy+d,)’ @)

UVEE(G)

ile verilen kose derecelerine bagli yeni bir indeks tanimlayarak graflarin Kartezyen
carpimi, bilesimi, birlesimi ve ayristminin HM (G) indeksini hesaplamislardir.

Verilen bir grafa kenar/kose ekleme/silme bir graf ya da graf simifinin gerekli bir¢cok
0zelliginin ¢alisilmasinda oldukea kullanigh bir metottur. Bu metot art arda uygulanarak
daha biiyiik graflar i¢in bu bilgiler elde edilebilir. Bu yontemin bazi uygulamalan [8, 9,
10]’da bulunabilir. Bu ¢alismada verilen bir G grafina yeni bir kenar eklemenin RM,(G)
indirgenmis ikinci Zagreb indeksi ve HM(G) hyper-Zagreb indeksi iizerine etkisi
caligilmistir.
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2. Kenar eklemenin indirgenmis ikinci Zagreb indeks ve hyper-Zagreb indeksine
etkisi

Bu boliimde verilen bir G grafina yeni bir kenar eklemenin RM,(G) ve HM(G)
indekslerine etkisi elde edilmistir. Bu kenar grafa {i¢ sekilde eklenebilir: pendant kdseye
bir pendant kenar olarak, derecesi 1’den biiylik koseye yeni bir pendant kenar olarak ya
da var olan ve komsu olmayan iki koseyi birlestirerek.

Ik olarak ¢ok kullanisl bir durum olan G’nin u kdsesinin pendant kdse olmasi durumu
ele alinmistur:

Teorem 1. G, en az ii¢ kosesi olan basit baglantili bir graf olsun. U bir pendant kdse ise
V, u 'nun tek komsusu olmak iizere U’ya yeni bir pendant kenar eklemek indirgenmis ikinci
Zagreb indeksi d,, — 1 kadar, hyper-Zagreb indeksi ise 4 arttirir.

Ispat. Sekil 1°de oldugu gibi u, G’nin bir pendant késesi ve v de u’nun d, dereceli tek
komsusu olsun. O halde

Sekil 1. u pendant kosesine bir pendant kenar ekleme.

RMy(G) = > (dy=1)(dy— 1)

UuveE(G)

=@ - D -D+ Y (=D D)

rs€E(G),r,s+u

- Z (d, — 1) (ds — 1) 3)

TrS€E(G),r,s#u
dir. G’ye u kdsesinden yeni bir kenar eklemek u’nun derecesini 1 arttiracagindan

RM,(G+e)=d,-1D2-D+2-1D)A -1+ Z (d,—1)(d;—1)

rseE(G),r,s#u

=@d-D+ ) (d-D@E-D @

rS€EE(G),r,s#u

olur. Boylece istenilen sonug elde edilir. HM (G) indeksi igin

HM@) = ) (dy+d,)’
uveE(G)
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=@+ DP+ ) (e dy)? 5)
TrSs€E(G),r,s*u
ve buradan da

HM(G +e) = (dy + d,)?
uveEZ(G+e)
—(d, +1)2+4+ Z d, —1)(d, — 1) 6)

rs€E(G),r,s*u
elde edilir. O halde
HM(G +e) —HM(G) =4 (7
olur. Boylece ispat tamamlanir. O

Ikinci olarak G’nin derecesi 1’den biiyiik olan bir u kosesine kenar ekleme durumu
incelenmistir:

Teorem 2. G, en az {i¢ kdsesi olan basit baglantili bir graf olsun. Derecesi d,, =t > 1
olan u kdsesinin komsular1 vy, v,, -+, v, ve dereceleri sirasiyla dy, , dy,), -+, d,,, 0lsun. O
halde u kosesine yeni bir e pendant kenari eklendiginde

RM,(G + €) — RM,(G) = 85 (u) + &2 (8)

2
ve

tt+1D2t+1)

HM(G) = 26;(w) + (t+ 1)? + > (9)
olur.
ispat. d,, = t oldugundan
RM(@) = ) (dy=1 (=1
Uv€EE(G)
t
= -0 (dy-1)+ )  @-DE-D (10)
i=1 rSEE(G),r,s#u

olur. Eger e = uw olmak tizere G + e grafi géz 6nline alinirsa dg .(u) =t + 1 ve
dgie(w) = 1 oldugundan

RM,(G + €) = Z d, — 1) (d, — 1)

UVEE(G+e)

=t2(dvi—1)+ Z d, —1)(d, — 1) 11

rSs€E(G),r,s#u
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olur ve bdylece

t(t+1)

RM,(G + ) — RM,(G) = 6, (w) + (12)

elde edilir. HM(G) indeksi i¢in

HM(G) = ) (dy+d,)?

UveE(G)

- i(t Fd) '+ ) @+ d) (13)

rSEE(G),r,s#u

ve buradan da

HMG+e) = 4D+ ) (t+1+d,) + > @-Dd-1D ”

rs€E(G),r,s*u

olur. Boylece istenilen sonug elde edilir. O

Son olarak, G’nin komsu olmayan iki kdsesini birlestirerek eklenen kenarin RM,(G) ve
HM(G) indeksine etkisi gbz Oniine alinacaktir:

Teorem 3. G, en az li¢ kdsesi olan basit baglantili bir graf ve u and v G’de komsu
olmayan d,, = t ve d,, = k dereceli iki kose olsun. Eger G’ye yeni bir e = uv kenari
eklenirse

t(t+1) _ k(k+1)

RM, (G + €) = RM,(G) = 8(u) + 8 (v) - L82 - KD (15)

ve

t(t+1)(2t+1) _ k(k+1)(2k+1)
2 2

HM(G +e) — HM(G) = 2(8¢(w) + 8;(v)) + (16)
olur.

Ispat. u’nun t tane komsusu z;, z,, -+, z, Ve dereceleri a,, a,, -+, a,, v’nin k tane komsusu
Wi, Wy, -+, Wy, Ve dereceleri de by, by, -+, by, olsun. RM,(G) indeksin tanimimdan

t k
RM,(G) = Z(du ~ 1) (dy, — 1) + Z(dv - 1) (dw, - 1)
i=1 j=1

U SN CAESVICAEEY

rs€E(G),r,s+uv
t k
- 1)Z(ai — D)+ k- 1)Z(bj ~1)
i=1 =1

) d-DWE-D (a7

rs€E(G),r,s#u,v
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elde edilir. Eger u ve v koseleri yeni bir e = uv kenari ile birlestirilirse

t k
RMZ(G+e)=t2(ai—1)+k2(bj—1)+ Z d,—1)(d,—1) (18)
i=1 =

rs€E(G),r,s*u

olur. Buradan da

t k
RM,(G + ) = RMy(6) = ) (a; = 1) + Y (b= 1)
i=1 j=1

t(t+1) _k(k+ 1)

= 6g(w) + 66(v) — > >

(19)

elde edilir. HM(G) indeks igin ispat RM,(G)’nin ispatina benzer sekilde yapilir. O

3. Sonuglar

Kenar ve/veya kose ekleme/silme islemi ilk graftan elde edilen yeni grafla ilgili bilgileri
elde etmede kullanilan yaygin bir yontemdir. Bir kenar ya da kdse eklendiginde ya da
silindiginde grafin herhangi bir parametresinin degisimi biliniyorsa, bu islemi art arda
uygulamak ve ilk grafin aymi parametresi cinsinden biiylik olan grafin gerekli
parametresini bulmak miimkiindiir.

Bu calismada, verilen bir grafa kenar eklemenin indirgenmis ikinci Zagreb indeksi ve
hyper-Zagreb indeksi {izerine etkisi incelenmistir.
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Oz

Bu ¢alismada; riizgar tiirbin kulelerinin i¢ yiizeylerinde merdiven baglanti elemani
olarak kullanilan braketlerin adezyon ozelliklerinin incelenmesi amaglanmistir. Bunun
icin AISI 1040 ¢eligi par¢alar akrilik tipi yapisal bir yapistirici ile birlestirilerek
numuneler hazirlanmistir. Yapisma baglantilarinin statik (kayma ve egilme) ve dinamik
(vorulma) mekanik ozellikleri belirlenmistir. Yorulma deneylerinin gercgeklestirilebilmesi
icin mevcut bir yay yorulma cihazimin tasariminda degisiklikler yapilmigtir. Modelleme
ve analiz programlar: yardumiyla cihazin tasarim dogrulama ¢alismalar: ve mekanik
deney sonuglarimin analizleri yapilmistir. Dinamik analizlerde cihazin iki kritik
parcasinda (biyel kolu ve ana parga) giivenlik faktorlerinin tasarim gereksinimleri igin
uygun oldugu goriilmiistiir. Statik ve dinamik deneyler sonucunda hatasiz yapisma
gergeklesen numunelerde kohezyon tipi homojen ayrilma gozlenmigtir. Statik esdeger
gerilme degerinin %50’si kadar degisken gerilme ve altindaki gerilmelerde yapisma
baginin sonsuz é6mre sahip oldugu goriilmiistiir.

Anahtar kelimeler: yapisal yapistirici, AISI 1040, statik ve dinamik analiz, yorulma
cihazi.
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OGUZ et al.

Static and dynamic analysis of structural adhesion bond in AISI
1040 steel

Abstract

This study aims to examine the adhesion properties of brackets used as ladder fasteners
on the inner surfaces of wind turbine towers. For this purpose, samples were prepared
by combining AISI 1040 steel parts with an acrylic-type structural adhesive. Static (shear
and bending) and dynamic (fatigue) mechanical properties of adhesive joints were
determined. To perform fatigue tests, changes were made to the design of an existing
spring fatigue device. Design verification studies of the device and analysis of mechanical
test results were carried out with the help of modeling and analysis programs. In dynamic
analysis, it was found that the safety factors in two critical parts of the device (connecting
rod and main part) were suitable for the design requirements. As a result of static and
dynamic tests, cohesion-type homogeneous separation was observed in the samples with
flawless adhesion. It has been observed that the adhesive bond has an infinite life at
variable stresses up to 50% of the static equivalent stress value and stresses below it.

Keywords: Structural adhesive, AISI 1040, static and dynamic analysis, fatigue device.

1. Giris

Yapistirarak birlestirme, fiziksel veya kimyasal bir sertlesme reaksiyonuna giren metalik
olmayan bir madde (yapistirict) kullanarak pargalarin yiizey yapigmasi (adezyon) ve i¢
mukavemet (kohezyon) yoluyla bir araya getirilmesi islemidir [1]. Yapisal ve yapisal
olmayan olmak lizere temelde iki cesit yapisma baglari mevcuttur. Yapisal yapisma
baglari, tasarim sinirlar1 dahilinde biitiinliik kaybi olmaksizin gerilimi iletebilmelidir.
Baglar, ayrica bir par¢anin yillarca siirebilen ¢alisma dmrii boyunca dayanikli olmalidir.
Yapisal bir bag, yaslanmaya kars1 6nemli bir dirence ek olarak 7 MPa'dan daha biiyiik bir
kesme mukavemetine de sahip olmalidir. Bununla birlikte, yapisal olmayan
yapistiricilarin 6nemli yiikleri desteklemesi gerekmez, sadece hafif malzemeleri yerinde
tutmakla gorevlidirler [2]. Yapisal olmayan yapistirmada, yapistirict sizdirmazlik,
elektrik yalitimi, titresim sOniimleme veya ses yalitimi amaciyla kullanilabilir [3].
Basinca duyarli bantlar ve ambalaj yapistiricilari yapisal olmayan yapistiricilara 6rnektir.

Yapisal yapistiricilar, geleneksel mekanik birlestirme tekniklerine kiyasla bir baglantiya
bir¢cok avantaj saglayabilir. Per¢in ve civatali baglantilarin aksine, yapistirma yoluyla
birlestirmede delik agilmasina gerek yoktur. Bu sebeple yapisma bagina sahip baglantilar
percinli ve vidali baglantilara gore gerilmeleri daha homojen bir sekilde dagitir, boylece
baglantilarda yliksek gerilme konsantrasyonlu bolgeler olusmaz. Geometrideki ani bir
degisiklik, gerilme dagilimint bozdugu ve baglantida maksimum gerilmelere neden
oldugu icin baglanti mukavemetini azaltabilir. Yapisma baglantisi, gerilimlerin
yogunlagsmasini onleyerek baglantinin dayanimini daha da artirir. Ayrica, geleneksel
birlestirmenin yapistiricilarla degistirilmesiyle bir montajin agirligi 6nemli Slgiide
tyilestirilebilir. Esnek yapistiricilar, farkli termal genlesme katsayilarina sahip farkl
malzemeler arasindaki termal gerilimleri de azaltabilir [4,5]. Ek olarak, yapiskanla
birlestirme, birlestirilen pargalarda mikro yapisal degisiklikler ve carpilma olmadan,
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tasarim esnekligi ile farkli veya ayn1 malzemelerin birlestirilmesine ve imalat kolayligina
olanak saglar [5,6].

Ayrica, yiiksek yiik tasima potansiyeli i¢in daha genis bir yiik tasima alani, herhangi bir
sekildeki ince veya kalin malzemenin birlestirilmesi i¢in uygulanabilirlik, hermetiklik,
sok yiiklerin emilmesi, korozyon ve yorulmaya karsi diren¢ gibi faydalar da
saglamaktadir [3]. Bununla birlikte, yapistiricilar dogas1 geregi polimerdir ve bu nedenle
daha karmasik bir sekilde davranirlar, bu da performanslarinin tahminini ¢ok daha zor
hale getirir. Sicaklik ve nem gibi ¢evresel kosullar, yapistiricida fiziksel ve kimyasal
degisikliklere neden olabilir. Ayrica harici ylik altindaki davranmiglari yapistiricinin
kullanim 6mriinii daha da azaltir [4,5].

Yapisma baglantilari, hafif malzeme gereksinimi nedeniyle basta otomotiv ve havacilik
olmak tizere bircok endiistride yaygin olarak kullanilmaktadir. Bu nedenle, havacilik
endiistrisinde kullanilan karbon elyaf takviyeli polimer (CFRP) i¢in birincil birlestirme
teknigi yapisma baglantilaridir. Insaat miihendisligi, ulasim, biyomekanik, denizcilik,
elektronik vb. gibi diger bir¢ok endiistri yapistiricilardan yararlanir [5,7].

Yorulma, yapigma baglarin1 igeren bir¢ok yapisal bilesen i¢in ¢cok 6nemli bir yiikleme
tiiriidiir. Tekrarl gerilme altinda, bir yap1 statik dayaniminin ¢ok altinda deformasyona
ugrayabilir. Yapistiricilar, baglantilarin yorulma mukavemeti tizerinde dnemli bir etkiye
sahip olan biiyiik miktarda plastisite sergiler [5].

Yapisma baglantilarin  dayanikliligi, c¢evresel degiskenler (sicaklik ve nem),
yapistiricilarin yaglanmasi, dinamik ytikler, gerinim hizi, siirtinme etkisi ve yorulma
hasar1 gibi cesitli kosullara baghdir. Yapisma baglantilarinin yorulma davranisi,
geometrik faktorlerden, farkli yapisan ve yapistirict malzemelerin kombinasyonundan,
yiikleme tipinden, ylizey hazirligindan ve kiirleme dongiilerinden etkilenebilir [8].

Bilindigi gibi riizgar tiirbinleri riizgar enerjisini elektrik enerjisine doniistiiren ve
kullanim1 son yillarda hizla artan yenilenebilir enerji iiretim aracidir. Riizgar tiirbini
imalatinda da geleneksel olan kaynak, per¢in veya civata ile birlestirme ydntemleri
kullanilmaktadir. Siirekli degisken riizgar siddetleriyle bu baglantilar civata veya per¢in
ile yapilmigsa homojen olmayan gerilim dagilimindan, kaynakla yapilmigsa dengesiz 1s1
dagilimindan dolay1 Ongoriilenden Once c¢atlamaya sebep olabilmektedir. Ayrica,
degisken riizgar siddeti ve gerilme etkisiyle bu baglantilar tekrarli gerilmelere maruz
kalarak, kritik baglant1 bolgelerinde catlaklar olusmakta ve olusan catlaklar tekrar eden
gerilmelerin etkisiyle biiyliyerek yorulma kirilmalarina sebep olmaktadir.

Riizgar tiirbin kulelerinin i¢ kisminda bulunan merdivenlerin kule duvarina montajinda
baglanti elemani olarak kullanilan braketler —geleneksel olarak kaynakla
birlestirilmektedir. Bu durumda kaynak isleminde dengesiz 1s1 dagilimi braket birlesim
yerlerinde ¢atlaklara sebep olabilmekte ve baglantinin dmriinii kisaltmaktadir. Nitekim,;
TS EN 1993-1-9 numarali “‘Celik yapilarin tasarimi’’ standardinda [9] diiz ve mekanik
baglantilar i¢in (kaynak icermeyen) verilen kategori 160’daki yorulma sinir1 kaynakli
baglantilar i¢in kategori 80’e diismektedir ve yorulma mukavemet sinir1 onemli 6l¢lide
azalmaktadir (Sekil 1).
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Dayaniklhilik dongii sayis1 N

Sekil 1. Dogrudan gerilim araliklari i¢in yorulma mukavemeti egrileri [9].

Bu ¢alismada geleneksel olarak kaynakla birlestirilen braket baglant1 parcalarinin yapisal
yapistirma teknigi ile birlestirilmesi ve baglantinin dmriiniin arastirilmasi amaglanmistir.
Bunun i¢in braketlerin kule duvarina baglantisindaki malzeme ve geometrisi esas alinarak
belirlenen numuneler akrilik bir yapistirict ile birlestirilmis ve bu baglantilar mekanik
ozellikler agisindan incelenmistir. Baglantilarin mekanik 06zelliklerini belirlemek
amaciyla baglanti numunelerine statik (¢ekme, kesme) ve dinamik (yorulma) deneyler
uygulanmistir. Yorulma deneyleri i¢in daha 6nce Gonen ve arkadaslarinin [10] spiral yay
yorulmasi i¢in tasarlayip imal ettikleri ¢eki-basi gerilmeli yorulma cihazi yeniden revize
edilerek tekrarli bilesik (kayma ve egilme) gerilme uygular duruma doniistiiriilmistiir.
Ayrica, sonlu elemanlar yontemi kullanilarak yapisma bagi i¢in statik ve dinamik
analizler yapilmistir.

2. Deneysel Calismalar

Bu boliim; numunelerin yapistirilmasi, yorulma cihazinin revizyonu, statik ve dinamik
deney ve analiz boliimlerinden olusmaktadir.

2.1. Yapistirma iglemi

Deney numuneleri i¢in kimyasal bilesimi ve mekanik 6zellikleri Tablo 1 ve Tablo 2’de
verilen AISI 1040 celik numuneler kullanilmistir. Deney numuneleri, tiirbin kulelerinde
kullanilan braket baglanti pargalar1 geometrisine uygun olarak 40 mm ¢apinda silindirik
yapisma ylizeyine sahiptir. Yapistirma isleminden once numune yiizeylerine 6n hazirlik
yapilmistir. Bunun i¢in yiizeyler toz ve kirden armndirilmis ve yiizeylere GL40-GL25
metal asindirici ile 9 bar basing altinda 1.5 metre mesafeden kumlama islemi yapilmistir.
Kumlama sonrasi yiizeyler etil alkolle silinerek temizlenmis ve kurutulmustur.

Tablo 1. AISI 1040 geliginin kimyasal bilesimi (% agirlik) [11].

C Si Mn P S Cr Ni Al Cu Mo V
0.380 | 0.140 | 0.730 | 0.025 | 0.015 | 0.040 | 0.040 | 0.005 | 0.060 | 0.009 | 0.002
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Tablo 2. AISI 1040 karbon ¢eliginin mekanik 6zellikleri [11].

Cekme Akma Kayma Elastisite | Yiizde Sertlik
mukavemeti | mukavemeti | mukavemeti | modiili uzama (I?|B)I
(MPa) (MPa) (MPa) (MPa) (%)

600 361 410 190-210 25 190

Yapistirict olarak yiiksek mukavemetli ve endiistriyel uygulamalar i¢in uygun olan akrilik
yapisal bir yapistirici seilmistir. Bu secime, Gesbey Enerji Tiirbini Kule Uretim San. ve
Tic. A.S. tarafindan bir seri yapistiricilar iizerinde mekanik test ¢aligmalarindan sonra
karar verilmistir. Kullanilan yapistiricinin poisson orani 0.4, Elastisite moduli(E) 1.17
MPa, kiitle yogunlugu 0.99 g/cm?® ve cekme mukavemeti 0.016 MPa’dur.

Statik deneylerde kullanilmak tizere AISI 1040 ¢elik plaka iizerine bes adet braket
numunesi yapistirllmigtir. Yapistirict numune yiizeyini tamamen kaplayacak sekilde
uygulanmistir. Daha sonra deney numuneleri hizli bir sekilde celik plaka {izerine
yapistirilmastir.

Sekil 2’de olgiileri verilen yorulma numunesinin hazirlanmasi i¢in de statik deneylerde
uygulanan ayni yapistirma yontemi kullanilmistir. Sadece yorulma numunelerinde
yapistirma islemine gecilmeden dnce Elcometer 123 yiizey profili gdstergesi ile ylizey
piiriizliiliik degerleri (Ry) 6l¢iilmiistiir. Olgiim sonras1 yiizeyler etil alkol ile temizlenerek
kurutulmustur. Ortalama hesaplanan yiizey piiriizliiliik degeri alt parca (81x120 mm?
kesitli levha) i¢in 47.79 pm, iist parca (numune) i¢in 15.14 pym’dir. Hem yorulma hem de
statik test i¢in hazirlanan numunelerin yapistirma O6ncesi yiikseklikleri belirlenmis ve
yapistirma sonrasi toplam yiikseklikten cikarilarak elde edilen yapistirict kalinliklar
yaklagik Imm olarak tespit edilmistir.

Sekil 2. Yorulma numunesi ve olgiileri.

2.2. Yorulma cihaz

Yapistirma baginin yorulma dayanimini deneysel olarak belirlemek amaciyla Sekil 3’te
verilen bir kaymali egilme yorulma test cihazi gelistirilmistir. Cihaz, 4 kW gii¢ ve 1460
dev/dak ile tahrik edilmektedir. Kayis-kasnak mekanizmasi motor devrini 1/6 oraninda
diisirmekte ve motordan gelen donme hareketi krank-biyel mekanizmasi ile yayi
sikigtiran Oteleme hareketine doniistiiriilmektedir. Bu esnada yayin sikisma miktarina
bagli olarak cihaz, 0-F (N) arasindaki basi kuvvetini numuneye iletmektedir. Test
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diizeneginde dairesel kesitli yaylar yerine daha uzun 6miirlii olan dikdortgen kesitli kalip
yaylar tercih edilmistir. Ara parga (kuvvet uygulama elemani), istenilen kuvvetleri (F =
k x x) elde edebilmek amaciyla yay:1 biyel kolu vasitasiyla 20 ve 22mm sikistirarak
istenilen zorlama kuvvetlerini numuneye iletmektedir.

Mikro sivig

numu

Milimetrik cetvel

Sekil 3. Yapistirma bagi i¢in gelistirilen kaymali-egilme yorulma cihazi.

Sabit olan alt tablanin yan tarafina yerlestirilen cetvel ile yay sikistirma miktari
ayarlanabilmektedir. Bu sayede test cihazinda kullanilmak istenen yaylarin ¢aplar1 ve
boylart degisebilmektedir. Deneylerde numunelere uygulanan kuvvetlerin yiik tekrar
sayilarin belirlemek icin bir sayag¢ kullanilmistir. Sayagtaki dijital gostergede karakter
sayist sinirlt oldugundan; sayac her 10 yiik tekrarinda 1 birim artis saglamaktadir. Alt
tablaya yerlestirilen mikro anahtar yardimi ile numune koptugu an elektriksel devre
kesilerek sistem otomatik olarak durmaktadir. Herhangi bir beklenmeyen durumla
karsilasildiginda cihazi durdurmak i¢in bir adet acil durdurma butonu mevcuttur.

2.3. Statik ve dinamik deneyler

Kule i¢ine yapistirilan braketler kayma ve egilme gerilmesine zorlandigindan, yapistirilan
parcanin, ger¢ek uygulamadaki statik kayma ve egilme gerilmesini belirleyebilmek i¢in
standart dig1 bir deney diizenegi kullanilmistir (Sekil 4). Bu diizenekte mekanik olarak
uygulanan yiik load cell yardimiyla dijital olarak kaydedilmektedir. Deneyler sonucunda
ayrilmanin meydana geldigi maksimum ayrilma yiikii elde edilmistir. Kayma ve egilme
gerilmesine zorlanan numunenin ayrilma yiikiinlin tespiti i¢in bes adet numune test
edilmistir. Elde edilen kopma yiikiinden kayma gerilmesi (t«), egilme gerilmesi (ce) Ve
esdeger gerilme (oes) sirastyla Esitlik 1, 2 ve 3 yardimiyla hesaplanmistir. Denklemlerdeki
Fmaks maksimum kuvveti, Ag yapisma kesitini, Me egilme momentini, Ix atalet momentini
ve y tarafsiz eksene olan mesafeyi ifade etmektedir.

Fma S

Ty = A—Ok @
M,

O = T "y )
Oe PAY 2

Oes =2+ [(Z) + 12 @3)
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Sekil 4. Statik deney diizenegi.

Yorulma deneylerine statik deneylerden elde edilen bilesik gerilmenin yaklasik %70’1
kadar degisken gerilme uygulanarak baslanmistir. Bu ve bunun altindaki tekrarli
gerilmeleri olusturabilmek i¢in strok mesafeleri ve rijitlikleri Tablo 3.3’te verilen yaylar
kullanilmistir. Deneyler oda sicakliginda R=0 gerilme oraninda toplam 30 adet numune
ile yapilmistir.

Tablo 3. Kullanilan yaylar, strok mesafesi, rijitlikleri ve uyguladiklar1 basi kuvvetleri.

Yay tipi (S;lrr(;l; z(l\% ;;Juhgl ET\LIJ)vvet
R50-102 20 245 4900
R50-102 22 245 5390
S40-89 22 280 6164
G50-115 20 352 7040

2.4 Sonlu elemanlar yontemi ile analiz
Bu boliimde, yapisma bagindaki statik ve dinamik analizler sonlu elemanlar yontemi
kullanilarak yapilmistir.

Yapigma baginin analizi i¢in 6nce Solidworks kiitliiphanesine AISI 1040 celigi ve akrilik
yapistiricinin mekanik 6zellikleri tanimlanmigtir (Tablo 2). Solidworks programiyla
yapisma numunesinin modeli olusturulmus ve Solidworks’lin icerisinde bulunan
Simulation eklentisiyle bu modelin sonlu elemanlar analizi gergeklestirilmistir.
Analizlerin yapilabilmesi i¢in ilk olarak modele mesh islemleri yapilmistir. Kiiciik
eleman boyutlar1 analiz sonuglarindaki dogruluk oranini arttirdigindan, gerilme
dagilimimin kritik oldugu bolgelerde daha ince mesh tercih edilmistir (Sekil 5). Statik
analizlerde mesh isleminden sonra analiz igin gerekli olan sinir sartlar tanimlanmistir. Ilk
olarak braketin alt kismindan sabitleme islemi yapilarak analize baglanmistir. Analizler;
4900N yiik degerinde, 15909 toplam diigiim sayis1 ve 9975 toplam eleman kullanilarak
gerceklestirilmistir. Gerilme kriteri olarak esdeger (von-Mises) gerilmeler dikkate
alinmustir.
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e
G | 0= 0-4900N

Sekil 5. Analizin sinir sartlar1 goriintiisii.

Yorulma analizinde sifir tabanli (R=0) yiikleme tipi se¢ilmis ve statik analizin parca
tizerine 1.000.000 defa uygulanmasi istenmistir. Test sonuglarinda elde edilen S-N egrisi
verileri programa elle girilmistir.

3. Sonugclar ve tartisma

3.1. Yapisma bag analizi

Sekil 6’da yapigsma baginin 4900 N degerindeki sayisal hasar yiikiiniin von-Mises gerilme
dagilimi gosterilmistir. Analiz sonucunda maksimum gerilme yapistiric1 tabakasinin
kenar bolgesinde 87.86 MPa olarak bulunmustur. Bu bolgeler kritik bolge olarak
tanimlanmaktadir ve ilk olarak ayrilma bu bolgelerde meydana gelmektedir. Von-Misses
gerilmesi sonucu parca akma simirint gegmis ve gozle goriiliir bir ayrilmaya sebep
olmustur.

Sekil 6. Yapisma baginin von-Mises gerilme dagilimi.

Yorulma analiz sonug¢larindan, maksimum hasar yiizdesinin 8.87 olacagi ve 11.285.570
yiik tekrarindan sonra yapigsma bolgesinde kopmalarin meydana gelecegi goriilmiistiir
(Sekil 7). Analiz sonucunda baslangigta girilen yiik tekrar sayisindan (1.000.000) 11 kat
daha fazla yiik tekrarina dayanabilecegi ortaya ¢ikmigtir.
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a b

Sekil 7. Yorulma analizinde yapisma bolgesindeki a)hasar yiizdesi, b)omiir.

3.2. Statik ve dinamik deney sonuclar

Statik ve dinamik deneyler sonucunda ayrilan numunelerin yiizeyleri Sekil 8’de
verilmistir. Sekiller incelendiginde numunelerin yapistirict kismindan (kohezyon)
homojen bir sekilde ayrilma gosterdigi goriilmiistiir. Yapisan yiizeylerde herhangi bir
bosluk veya siireksizlik gézlenmemistir. Bu sebeple yapistirma isleminin ve yapistiric
tipinin AISI 1040 karbon ¢eligi i¢in uygun oldugu sdylenebilir. Bununla beraber yorulma
numunelerinin bazilarinda kopma yiizeylerinin homojen olmadig1 goriilmiistiir (Sekil 9).
Buna sebep olarak, yapistirma islemi sirasinda numune yiizeylerinin yapistirict ile
tamamen 1slatilamadig1 s6ylenebilir. Bu numunelerde hatali birlesme oldugundan bunlara
ait deney sonuglar1 dikkate alinmamustir.

Ust parga Alt parca Ust parga Alt parga

Sekil 8. a)Statik deneyler ve b)dinamik deneyler sonucunda numunelerde kopma
yiizeyleri.

Sekil 9. Yapigsma hatasi olan yiizeyler.

Statik deney diizeneginden elde edilen maksimum kuvvet degerlerinden Esitlik 1, 2 ve 3
yardimiyla kayma gerilmesi, eg8ilme gerilmesi ve esdeSer gerilme degerleri
hesaplanmistir (Tablo 4). Buna gore ortalama kayma, egilme ve esdeger gerilme degerleri
sirastyla 7.89 MPa, 71.05 MPa ve 71.13 MPa olarak bulunmustur. Sonlu elemanlar
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analizi ile hesaplanan maksimum gerilme degerinin (87.86 MPa) deneylerde elde edilen
esdeger gerilme degerinden %23 oraninda sapma gosterdigi goriilmiistiir.

Tablo 4. Statik deney sonugclari.

Olgimno | Pmax (N) Tkayma (MP) | e (MPa) Ges (MPa)
1 10840 8.63 77.64 78.59
2 9908 7.88 70.96 67.89
3 8809 7.01 63.09 63.86
4 10271 8.17 73.56 74.46
5 9771 7.78 69.98 70.83
ortalama 9919.8 7.89 71.05 71.13

R=0 gerilme oraninda hatasiz yapistirilan numunelere uygulanan tekrarl bilesik (kayma
ve egilme) gerilmeler sonucunda elde edilen Wohler egrisi Sekil 10°da verilmistir.
Yapisal yapistiricilarin yorulma deneylerine iliskin standartta 10° tekrar sayisindan sonra
deneylerin sonlandirilabilecegi belirtilmektedir [12]. Sekilden de goriildigl gibi, 35.52
MPa degisken esdeger gerilme degerinde yapisma bag1 11x10° yiik ¢cevriminden sonra
ayrilma gostermistir. Bu tekrar sayisi standardin belirttigi degerin 11 kat1 oldugundan
35.52 MPa degerinin altinda yapisma baginin sonsuz omiirlii oldugu sdylenebilir. Ayn
zamanda bu gerilme degeri statik ortalama esdeger gerilmenin yarisina esittir.

-
60 5

50

Gerilme (MPa)
& &

[
o

[y
o

o

1,E+04 1,E+05 1E+06 2,E+06 1,E+07

Yiik tekrar sayisi

Sekil 10. Wohler (S-N) egrisi.

Deneylerde kullanilan bir numune atmosfere agik dis ortamda, 4905 N yiik altinda
giinesli-sicak, yagmurlu, rlizgarli-soguk ortamlarda korunmasiz olarak dakikada 32
salinim yapacak sekilde denemeye alinmistir (Sekil 11). Sarka¢ koluna baglanan yiik bir
pnomatik piston ile 90 saniyede bir itilerek sarkacin salinim yapmasi saglanmaktadir.
Atmosferik sartlarda 22.07.2022 — 22.10.2023 tarihleri arasinda yaklasik 2.08x10" kez
salinim yapmis olup makalenin yazildigi tarihte hala deneme ¢aligsmasi devam etmektedir.
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Sekil 11. Atmosferik ortamda yapilan deney c¢aligmasi.

4. Sonuclar

Riizgar tiirbin kulesi i¢ ylizeyinde merdiven baglanti elemani olan braketlerin, kule
duvarina kaynak ile birlestirilmesi, kule yorulma mukavemeti acisindan tercih
edilmemektedir. Kule duvarlarina yerlestirilecek braketlerin yapigsma bagi ile
montajlanma olanaklar1 arastirilan ¢alismada; yapisma bagi (yapisan malzeme: AISI
1040 ¢eligi ve yapistirict: akrilik tipte yapisal yapistiricl) statik ve dinamik agidan
incelenmis ve asagidaki sonuclar elde edilmistir:

e Mevcut yay yorulma cihazmin tasariminda degisiklikler yapilarak yapigma
baglantilar1 i¢in birlesik tipte (kayma ve egilme) tekrarli gerilme uygulayan
yorulma cihazi gelistirilmis ve cihaz glivenilir deney sonuglar1 vermistir.

e Statik deneyler sonucunda yapisma baginin ortalama kayma gerilmesi 7.89 MPa,
egilme gerilmesi 71.05 MPa ve esdeger gerilmesi ise 71.13 MPa olarak
belirlenmistir.

e Statik esdeger kopma gerilmesi degerinin %50’si kadar degisken gerilme ve
altindaki gerilmelerde yapisma baginin sonsuz émre sahip oldugu goriilmiistiir.

e Atmosferik sartlarda yapilan deney calismasinda 2.08x107 yiik tekrarina karsin
hala kopma olmamasi, bu yapistiricilarin kaynakl birlestirmeye iyi bir alternatif
olacagi seklinde degerlendirilebilir.
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Oz

Evsel kati atiklardan yakma yéntemiyle enerji kazanimi yayginca kullanilan kati atik
bertaraf yontemlerinden biridir. Bu sayede hem atik hacmi onemli ol¢iide azaltilmis olur
hem de yakma yontemiyle kazanilan enerji ile elektrik ve is1 eldesi saglanmig olur. Bu
calismada diinyada yayginca uygulamasi bulunan evsel kati atik yakma yonteminin Bursa
ili i¢in tekno-ekonomik analizi yapimistir. Calismada Bursa ilinde aciga ¢ikan evsel kati
attk miktart resmi veriler kullanilarak, potansiyel elektrik enerjisi geri kazanimi
hesaplanmistir. Bu ¢alisma sonucunda Bursa’da yanabilir evsel kati atiklarin 1s1l degeri
14 MJ/kg olarak hesaplanmus olup, bu atiklarin degerlendirildigi bir yakma tesisisin yillik
vaklasik 25 milyon dolar getir saglayacagi ve 7,4 yilda tesisin kendini amorti edecegi
hesap edilmistir.

Anahtar kelimeler: Bursa, atiktan enerji kazanimi, evsel kat atik.

Electricity generation from municipal solid waste: Bursa case

Abstract

In this study Energy recovery from municipal solid wastes by waste-to-energy is one of
the most widely used solid waste disposal methods. In this way, both the waste volume is
significantly reduced and electricity and heat are obtained with the energy gained by the
incineration. In this study, a techno-economic analysis of waste-to-energy method, which
is widely used in the world, has been made for the province of Bursa. In the study, the
amount of municipal solid waste generated in Bursa province was calculated using the
official data, and the potential electrical energy recovery was calculated. As a result of
this study, the calorific value of combustible domestic solid wastes in Bursa has been
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calculated as 14 MJ/kg. Also it is estimated that a waste-to-energy facility where these
wastes are evaluated will provide an annual return of approximately 25 million dollars
and the facility will pay for itself in 7.4 years.

Keywords: Bursa, energy recovery from waste, municipal solid waste.

1. Giris

Enerji ihtiyacindaki artis niifus artiglar1 ve sanayideki gelismeler nedeniyle iilkelerin
kaginilamaz bir gercegidir. Enerji ihtiyacinin karsilanmasi mevcut durumda diinya
genelinde agirlikli olarak fosil kaynaklardan saglanmaktadir. Kiiresel 1sinmanin énemli
bir sorun oldugunda uzlagma saglanmasi sonrasi fosil kaynaklardan uzaklasma egilimi
artmaktadir. Bunun yaninda, evsel kati atiklarin geri kazanim yollar1 kullanilmadan
depolama sahalarinda bertaraf edilmesi ¢evresel problemlere yol agmaktadir. Evsel kati
atiklar ideal olarak, yalnizca geri doniisiim ve geri kazanim metotlar1 uygulanamazsa
depolama sahalarinda gerekli onlemler alindiktan sonra bertaraf edilmelidir [1]. Evsel
kat1 atiklarin miktarlar niifusa baglh olarak seneler icerisinde artis gostermektedir. Ayni
zamanda {ilkelerin enerji ihtiyacit sanayideki kullanim ve niifus artigiyla beraber artig
gostermektedir. Evsel kati atiklarin yakilmasiyla enerji eldesi hem cevresel hem de
ekonomik olarak kazanim olusturmaktadir. Yakilan evsel kati atiklarin hacmi ciddi
oranda azaltilirken, yakma ile elde edilen enerji kazanimi 1s1 ve elektrik iiretimine katki
saglamaktadir.

Bursa ili resmi niifus verileri ve iller Bankas1 metoduyla olusturulan niifus projeksiyonu
Sekil 1‘de verilmistir [2-3]. Bursa ilinde 2021 yili itibariyle 3 milyonu askin niifus
bulunmakla beraber, bu degerin 2050 yilinda 4,5 milyona yaklasacagi ongoriilmektedir.
Bununla beraber, Bursa Biiyiiksehir Belediyesinin (2015) yapmis oldugu atik
karakterizasyonu ve atik gelecek projeksiyonu caligmasina gore kisi basina diisen ve
diisecek olan atik miktarlar1 Sekil 1°de verilmistir [4]. Kisi basina diisen atik miktar1 2021
yili itibariyle 1,2 kg/giin seviyesindedir. Bu degerin 2050 yilina gelindiginde 1,5 kg/giin
degerine yaklasacagi Ongoriilmektedir. Bu durum mevcut atik bertaraf tekniklerinin
gelecekte yetersiz kalabilecegini ve ¢evresel problemlerin artabilecegini gostermektedir.
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Sekil 1. Bursa ili yillara gore niifusu ve evsel kati atik miktari [2-4].
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Bursa Biiyiiksehir Belediyesinin (BBB) (2015) yaptig1 evsel kat1 atik karakterizasyonuna
gore evsel kat1 atiklarin %52’s1 organik atiklardan olusmaktadir (Sekil 2) [4]. Organik
atiklar1 %9 ile poset atiklari, %6 ile kagit-karton atiklar1 izlemektedir. Dikkat ¢eken
onemli bir oran %6 ile ¢ocuk bezlerine aittir ve onu tekstil atiklar1 %5 ile takip etmektedir.
Kategorizasyonda bir kategori icinde bulunmayan diger kat1 atiklardan yanabilir olanlari
%9, yanmayanlar ise %6’lik bir kismi1 olusturmaktadir. Kompozit atiklari, tehlikeli atiklar
ve elektrik-elektronik atiklar1 %1’den az orana sahip evsel kati atiklardir. Bu ¢alismada
Bursa ilinde Yenikent depolama sahasinda bertaraf edilen Inegél, Iznik ve Yenisehir
ilgelerindeki evsel kat1 atiklar haricindeki tiim il¢elerdeki atigin yakilarak elektrik enerjisi
iiretilmesinin tekno-ekonomik analizi yapilacaktir. Bahsedilen ii¢ ilgenin kapsam dis1
kalmasinin nedeni bu ilgelerin diger ilgelerden lokasyon olarak ayri bir konumda
bulunmasi ve bu {i¢ ilgede gorece ¢ok az miktarda evsel kat1 atigin agiga ¢ikiyor olmasidir.

Tekstil; 4,79

Kompozit; &,52 .

Tehlikeli Atiklar;
0,40

Elekt. - Elktrnk Atik;
0,16
Organik Atik; 52,15

Sekil 2. Bursa ili evsel kati atik karakterizasyonu [4].

2. Materyal ve Metot

2.1. Bertaraf teknikleri

Evsel kati atiklar diizenli depolama, biyolojik veya termal bertaraf metodlar1 uygulanarak
bertaraf edilebilirler. Diizenli depolama diinya genelinde oldugu gibi lilkemizde de en ¢cok
uygulanan bertaraf yontemi oldugu sdylenebilir. Diizenli depolama sahalarinda evsel kati
atiklar ilgili sartlar ve kriterler saglanarak depolanir [5]. Biyolojik bertaraf metotlari
kompostlastirma ve biyometanizasyon olarak iki sekilde uygulanabilir. Kompostlastirma,
organik atiklarin kontrollii sartlar saglanarak biyolojik olarak ayrigmasi sonucu atik
hacminin azaltilmasinin ve kullanilabilir minerallerin geri kazanilmasit islemidir [6].
Biyometanizasyon islemi oksijensiz ortamda meydana atiklarin pargalanma iglemidir.
Biyogaz santralleri biyometanizasyon isleminin kullanilarak elektrik iiretildigi enerji
iiretim tesisleridir [7]. Termal bertaraf teknikleri ise kat1 atiklara verilen 1s1 enerjisi ile
atiklardan enerji kazanim yontemleridir. Termal bertaraf teknikleri piroliz, gazlastirma ve
atik yakma yontemleri olarak kategorize edilebilir [8]. Bu calisma kapsaminda atik yakma
yontemi ele alinmustir.

2.2. Atk yakma ile enerji kazanimi
Atik yakma yontemi yanabilir evsel kati atiklarin bertarafi i¢in kullanilan bir atik bertaraf
yontemidir. Kat1 atiklarin atik yakma tesislerinde tabi tutulduklar islemler Sekil 3’te
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gosterilmigtir [9]. Atik yakma tesisleri uygulanan islem bakimindan dort kategoride
incelenebilir. Ilk kisimda atigin tesise teslim edildigi boliim bulunur. Atik teslimi
bolimiinde atik bosaltma alani, atik bdlmesi, atik vinci ve atik besleme kanali
bulunmaktadir. Ikinci kistmda atigin yakildigi béliim olan yakma kisminda ram
besleyiciler ile kat1 atik yakma 1zgarasina iletilir ve burada yanma gergeklestirilir. Buhar
kazan1 yanmanin etkisiyle olusan 1s1l enerji sayesinde suyun buharlastirildigi bolgedir.
Ucgiincii kisimda yanma sonucu olusan baca gazinin temizlendigi baca gazi temizleme
kismi bulunur. Buradaki islemler atik yakma tesislerinde farklilasabilecegi gibi genel
olarak hava kalitesi standartlarinin saglanmasi i¢in baca gazlarinin sulu kireg, aktif
karbon, torba filtre gibi yardimci madde ve ekipmanlar vasitasiyla temizlendigi kisimdir.
Son kisimda da buhar enerjisinin elektrik enerjisine doniistiiriildiigii buhar tiirbini ve
jenerator bulunur.

(2] [
l ) S S T i S SN T |
{ \
- 1 | [ l 15} [%l
=] |
............. B @ \ a5 . =
= @ &l § [::1'@ 1
21
[s] -
- 7
g BACA GAZININ ENERJI GERI
ATIK TESLIMI YAKMA TEMIZLENMES] KAZANIMI
1 Bosaltma alaxa S5 Rambesleyici S 2 i
2 Atikbolmesi 6 Yakmazgaras: :3 SB:::)?: Teakha 21 Buhurtuxbnul
3 Atak vinci 7 Birineil hava fan 1S Aktifkarbon Jereraton
4 Atik besleme kanah 8 Alt kalbolmesi
Ny s 16 Torba filtre
9 AltJul vinci 17 Kalita silosu (ugucu kial)
10 Ikincil hava fam
121D fan
:; Buhar km A6 19 Emisyonlzleme Sistermi
Kazan exniyet v. (CEMS)
20 Yign

Sekil 3. Ornek bir atik yakma tesisinde bulunan kisimlar [9].

Diinya genelinde atiktan enerji kazanimi oldukga yaygin olup, yaklasik 2500 tane atik
yakma tesisinin yilda yaklasik 420 milyon ton kat1 atik bertaraf ettigi bilinmektedir [10].
Sadece 2020 yilinda yillik yaklasik 35 milyon ton bertaraf kapasitesi olan 100’den fazla
atik yakma tesisi kurulmustur [10].

Tiirkiye’de ise Istanbul ilinde olmak iizere sadece bir adet atik yakma tesisi
bulunmaktadir [11]. Bu tesiste giinliik 3000 ton, y1llik ise yaklasik 1 milyon ton evsel kat1
atik yakilarak bertaraf edilmekte ve elektrik enerjisi iiretilmektedir (IBB, 2022). Bunun
yaninda, Oztiirk ve Bourtsalas (2020) tiim Tiirkiye genelinde atiktan enerji elde etme
potansiyelini arastirmig ve Tirkiye’deki evsel kati atiklarin %50’sinin enerji kazanimi
icin yakildig1 varsayimiyla senelik 122 milyon dolarlik bir ekonomik kazanim olacagi
hesaplanmistir [12].

Literatlirdeki bu c¢aligmalara karsin Bursa ilinde yapilabilecek bir atik yakma tesisinin
tekno-ekonomik analizine rastlanmamistir. Bursa ili niifus agisindan Tiirkiye’nin
dordiincii en biiyiik sehri olup potansiyel bir atik yakma tesisi i¢in yatirim yapilabilecek
onde gelen sehirlerinden biridir. Bu calisma sayesinde bir atik yakma tesisinin Bursa
ilinde gergeklestirilmesinin yatirima elverigli olup olmamasi ve tesisi i¢in teknik
gereklilikler arastirilmis olacaktir.
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2.3. Gereg ve yontem

Bu ¢alismada Bursa ili i¢in bir kati atik yakma tesisinin tekno-ekonomik analizi yapilmasi
amaglanmistir. Bunun i¢in Biiyiiksehir Belediyesinin evsel kati atik karakterizasyon
degerleri baz alinmustir [4]. Ilk olarak tesiste yakilacak kati atigin kalorifik degeri
karakterizasyon baz alinarak hesaplanmistir. Kalorifik deger hesabi i¢in her bir atik
tiirliniin kalorifik degerleri ile yakilacak miktar1 ¢arpilarak agirlikli ortalama degeri
Denklem 1 kullanarak hesaplanmuistir.

Cw= Oxiyi)/Qyi) (1)

Burada Cw Agirlikli kalorifik deger, xi her bir atik tiiriiniin kalorifik degeri ve y;i atik
tiirine karsilik gelen agirlik miktaridir.

Hesaplanan kalorifik deger ile agiga ¢ikacak saatlik gilic miktar1 elde edilip bu gii¢
degerine karsilik gelen tiirbin sayist hesaplanmistir. Ayrica sistemde gerekli olacak su ve
buhar kazanlar1 miktarlar1 hesaplanmistir. Ik yatirim maliyeti literatiirde belirtilen y1llik
yakilan ton basina atik maliyeti olan ve tesisin ingaas1 sirasindaki tiim maliyetleri i¢ceren
(baca gazi filtreleme sistemleri dahil) 2503 kabulii yapilmistir [13]. Bu deger literatiirde
bahsedilen gerceklesen atik yakma tesislerinin ilk yatirim maliyetlerinin ortalama degeri
olarak alinmasiyla elde edilmistir [13]. Ayrica 2021 yilinda Istanbul’da faaliyete baslayan
yillik yaklagik 1 milyon ton yakma kapasiteli Tiirkiye’nin tek evsel kati1 atik yakma
tesisinin ilk yatirim maliyeti de 300 milyon Euro oldugu belirtilmistir [14]. Bu deger
tesisin ingaasi i¢in gecerli deger olup yillik bertaraf edilen ton basina 300 Euro olup bu
calisma i¢in kabul edilen degere yakin oldugu goriilmektedir. Boylelikle gerceklesmis bir
calismanin paralelindeki bir deger kabuliiniin teyiti de boylelikle yapilmistir. Iscilik harici
isletme ve bakim maliyetleri i¢in genel kabul olan ilk yatirim maliyetinin %3’
uygulanmistir [15]. Kiil ve cliruf atiklar1 yakilacak atik miktarinin %20’sini olusturacak
olup maliyet olarak 2,5%/ton kabulii yapilmustir [15]. Iscilik maliyetleri ayrica
hesaplanmistir. Daha sonra nakit akis diyagram iizerinden isletmenin geri 6deme stiresi
hesaplanmistir. Son olarak, yatirimdan elde edilecek yillik net kazang bir karlilik
gostergesi olarak Denklem 2-4 kullanilarak hesaplamistir.

Pnet= Inet -Chet (2)
Inet=lauk+lelektrik (3)
Chet= Opex+LC+AC (4)

Pret yillik net kazang, Inet yillik net toplam gelir ve Cpet yillik net toplam gideri
gostermektedir. Tk tesiste atik kabuliinden elde edilecek geliri gosterirken, lelektik 1S€
elektrik tiretiminin satigindan elde edilecek geliri gdstermektedir. Opex yillik isletme-
bakim maliyetini, LC yillik is¢ilik maliyetini, AC ise yillik ugucu kiil ve ciiruf bertaraf
maliyetini gostermektedir.

Boylelikle Bursa ili i¢in evsel kati atiklardan enerji kazanimi i¢in kurulabilecek bir tesisin

gerekli teknik ozellikleri incelenmis olup, yatirimi geri 6deme siiresi ve yillik karlilik
hesabi yapilarak ekonomik kazang potansiyeli hesaplanmuistir.
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3. Bulgular ve tartisma

Bursa ilinde kurulabilecek bir kat1 atik yakma tesisine ulasacak kati atiklarin tipine gore
ylzdelik oranlar1 Sekil 4‘te gosterilmistir. Buna gore yanabilir olanlarin tiim evsel kati
atiklara oran1 %83 olarak bulunmustur. Yanabilir atiklarin en bilylik oranini %52 ile
organik atiklar, en azini ise %0,52 ile pet atiklar olusturmaktadir. Poset atiklar1 %9, tekstil
atiklar1 ise toplam evsel kat1 atigin %5°1 civarinda bir orana sahiptir. Plastikler %2 oranina
sahipken diger yanabilir evsel kati atiklar %9 civarinda bir orana sahiptir. Toplamda tesise
ulasan kat1 atik miktar1 giinliik 2.010.576 kg’dir. Evsel kati atik tiplerinin oranlarindan ve
glinliik toplam evsel kat1 atik degerinden hareketle Denklem 1 kullanilarak kalorifik deger
hesabi1 yapilmistir.

icerik (%)

TOPLAM w083
Diger Yanabilir B8 009
Tekstil W88 005
Organik Atk e 052
Plastikler W 002
Poset B 009
Pet 1 001
Kagit-Karton B 006

000 010 020 030 040 050 060 070 080 090

Sekil 4: Bursa ili i¢in yanabilir evsel kati atiklar [4].

3.1. Tekno-ekonomik bulgular

Tablo 1°de kat1 atik tiplerinin kalorifik degerleri ve Bursa ili i¢in olusan karigimdaki
ortalama saatlik kalorifik deger gosterilmistir [4, 16]. Tablo 1’e gore en ¢ok kalori
degerinin 463 GJ/saat ile poset atiklarindan, en az ise pet atiklarindan 26 GJ/saat ile elde
edilecegi goriilmektedir. Tablo 1’e gore agirlik basina en fazla kalorifik degeri olan evsel
kat1 atiklarin pet, poset ve plastikler oldugu goriilmektedir.

Tablo 1. Kat1 atik yakma tesisinde yakilacak atik tipi ve karsilik gelen enerji miktarlar

[4, 16].

Kati atik tipi Kuru Agirlik (kg/saat)  [Enerji (kj/kg)  [Toplam enerji (kj/saat)
Kagit-Karton ~ [9.904 16.500 163.416.000

Pet 823 32.500 26.758.333

Poset 14.243 32.500 462.886.667

Plastikler 3.333 32.500 108.306.250

Organik Atik ~ [34.767 4.500 156.450.000

Tekstil 7.265 17.500 127.134.583

Diger Yanabilir (13.440 10.500 141.120.000

Tablo 2’de kurulabilecek kat1 atik yakma tesisi i¢in gerekli buhar kazani ve su miktarlar
icin ilgili parametrelerin degerleri listelenmistir. Buna gore Tablo 1°deki farkli tipteki
atiklarin ortalama enerji degerine karsilik gelen deger Tablo 2’de 14 MJ/kg olarak
gosterilmistir. Daha sonra saatlik yakilan enerji miktar1 {izerinden olusacak buhar miktar
degeri yanma verimliligi, verilen 1s1 miktar1 ve suyun buharlagmasi i¢in gerekli enerji géz
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oniinde bulundurularak hesaplanmistir. Olusan buhar i¢in bir buhar kazaninin kapasitesi
150 ton/saat olarak alindiginda 3 buhar kazaninin ve 419.967 litre suyun gerekli oldugu
gosterilmistir.

Tablo 2. Kat1 atik yakma tesisi i¢in gerekli buhar kazan1 ve su miktarlari.

Parametre Deger Birim
Enerji (kj/kg) 14.157 kj’kg
Saatlik yakilan atigin enerji miktar1 (kj/saat)  |1.186.071.833  |kj/saat
Nyanma %0 80 %
'Yanma boyunca verilen 1s1 miktar1 (kj/saat) 048.857.466 Kj/saat

1 kg suyun buharlagmasi i¢in gerekli enerji 2.259 kj’kg
Olusacak buhar 419 ton/saat
1 adet buhar kazani kapasitesi (t/h) 150 ton/saat
Gerekli buhar kazani 3 adet
Gerekli su miktari 419.967 L/saat

Tablo 3’te kat1 atik yakma tesisinde gerekli olacak tiirbin sayist i¢in ilgili parametreler ve
karsilik gelen degerler listelenmistir. Buna gore, literatiirde belirtildigi iizere tiirbin
verimliligi %12 alinarak saatlik net tretilecek enerji kilojoule birimi cinsinden
belirtilmistir [17]. Daha sonra bu deger MW cinsinden yazildiktan sonra belirlenen tiirbin
kapasitesine boliinerek toplam gerekli tiirbin sayisi 2 adet olarak hesaplanmaistir.

Tablo 3. Kat1 atik yakma tesisi i¢in gerekli tiirbin sayisi.

Parametre Deger Birim
Ntoplam (%0) 12 %

Mpet (Kg/saat) 83.774 kg/saat
Whet (Kj/saat) 142.328.620 |kj/saat
Wret (MW) 39 MW

1 adet tiirbinin ortalama

giic cikisi 20 MW
Gerekli tiirbin sayis1 |2 adet

Son olarak maliyet ve gelir degerleri Tablo 4’te listelenmistir. Buna gore tesisin ilk
yatirim maliyeti yaklasik 183,5 milyon dolar, isletme ve bakim maliyetleri yillik yaklasik
4 milyon dolar, iscilik maliyetleri yillik yaklasik 413 bin dolar ve kiil bertaraf maliyeti
yillik 7514 dolar olarak hesaplanmistir. Buna karsilik, atik yakma tesisinde bertaraf
edilmesi istenen atig1 getiren sirketin 6deyecegi “gate fee” adi verilen atik kabul etme
ticreti birim degeri olarak literatiirde 12$/ton-45%/ton arasinda degistigi belirtilmis olup
bu ¢alisma i¢in $16,5/ton kabulii yapilmistir [15]. Ayrica, atik yakma tesisinde iiretilecek
elektrik enerjisinin satilmasiyla elde edilecek yillik gelir de Tablo 4’te gosterilmistir.
Uretilecek elektrik enerjisi santral kapasitesinin tam kapasite ¢alismasi kabuliiyle
hesaplanan elektrik enerjisine karsilik gelmektedir. Elektrik satis bedeli glincel 2022
biyokiitle tesisleri i¢in gecerli olan tarife olan 50 krs/kWh alim garantisi {izerinden
hesaplanmistir [18]. Tesiste yillik elektrik iiretim miktarinin 350.400 MWh olmasi
beklenmektedir. Buna gore toplanacak atik gelirinden 22,2 milyon dolar ve elektrik satis
gelirinden yaklasik 10,5 milyon dolar olmak iizere yillik 32,7 milyon dolar gelir elde
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edilebilecegi hesaplanmustir. Isletme-bakim, iscilik ve kiil bertaraf maliyetlerinin de y1llik
tutar1 yaklasik 7,8 milyon dolardir.

Boylelikle, Bursa ilinde kurulabilecek bir atik yakma tesisinin maliyet ve gelirlerinden
yola ¢ikarak yillik net karliligir 25 milyon dolar olarak belirlenmistir. Herhangi bir
enflasyon ve degredasyon etkisi goz oniinde bulundurulmaksizin bu tesisin geri 6deme
stiresi de 7,4 yil olarak belirlenmistir.

Tablo 4. Kat1 atik yakma tesisinin maliyet ve gelir degerleri.

Maliyet/Gelir kalemleri Miktari
Tesisin ilk Yatirrm Maliyeti ($) 183.465.060
Isletme-Bakim Maliyetleri (ilk Yatirrm 5 503.952
Maliyetinin %3l kabul edilmistir.) ($/y1l) T
Iscilik maliyetleri ($) 412.911

Kiil Bertaraf Maliyeti ($/y1l) 1.835.038
Toplanacak Atik Geliri ($/y1l) 22.155.578
Elektrik Satis Geliri ($/y1l) 10.547.210
Net Gelir ($/y1l) 24.950.887
Amortisman siiresi (y1l) 7,4

3.2. Cevresel onlemler

Kati atik yakma tesislerinde atigin yanmasi sonucu ag¢iga ¢ikan gazlarin ve olusan kiiliin
olumsuz cevresel etkilere sebep olmamasi icin ¢esitli onlemler alinmasi gerekmektedir.
Sekil 3’te gosterildigi gibi tipik bir atik yakma tesisinde baca gazinin temizlenmesi i¢in
baca gazi reaktorii icerisinde aktif karbon ve kirecle kimyasal olarak ve torba filtre
icerisinde de fiziksel olarak baca gazinin miktar1 ve igerigi ¢evresel kriterlere uygun hale
getirilmektedir. Sekil 5’te bir atitk yakma tesisindeki baca gazi reaktorlii semasi
gosterilmistir. Buna gore 5 noktada agiga ¢ikan gazlarin reaksiyonlar sonucu miktarlari
azaltilmaktadir.

I S |
st
donustirict - 2 { | Kule
: .. - - .J_“ - _] Aynstinict o
= ]
S(?IZ aynistirmak L Aynstirict ‘U CO2 aynstirmak
igin kireg eklenmes: S icin depolama tanki
b
:’*.J -+ 3
Depolama tanks ) )
L ESC
EKA: Evsel Kat1 Atik
Ter dontstircs - 1 ESC: Elektrostatik Cakeltic1
stdonugtaried - 1 | SKOL Secici Katalitik Olmayan Indirgeme
. | 4 .4 Hava
=1
+ 2
nNH3  —{L skoi
41
Yanma odasi u
EKA +——+—'* Kal
Hava

Sekil 5. Atik yakma tesisinden ¢ikacak gazlar i¢in temizleme asamalar1 [19].
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Tablo 5’te Bursa ilinde kurulabilecek bir atik yakma tesisinden ¢ikacak gazlarin yaklasik
agirlik degerleri ve 5 noktadaki miktarlar listelenmistir. Bir ve iki noktalar1 arasinda NO2
miktar1 amonyak katilmasiyla azaltilmaktadir. Iki ve ii¢ noktalar: arasinda baca gazi
sicaklig1 azaltilmaktadir. Ug ve dort noktalar1 arasinda SO2 ve HCI miktarlar: kireg
ilavesiyle azaltilmaktadir. Dort ve bes noktalar1 arasinda baca gazi sicakligi ve CO2
miktar1 azaltilmaktadir.

Tablo 5. Bursa atik yakma tesisinde baca gazi azaltimi i¢in dngoriilen degerler.

Kat1

Oleiim | Atik Hava |Hava Baca |Baca COg NO_z SOz_ HC!_

Noktalarl Miktar Akist |Sicaklig Ga321 Gazi ) Emlsyon3u Emlsyon3u Emlsyonau Emlsyonsu
(ka/s) (kg/s)|(°C) (m?/s) |Sicakligt| (mg/Nm?) | (mg/Nm?) [(mg/Nm?) | (mg/Nm°)

1 25 51 |120 310,5|1.146  |258.514 |749,9 890 717

2 25 51 |120 310,5|1.146  |258.514 |180 890 717

3 25 51 |120 137,4 |325 258.514 180 890 717

4 25 51 |120 137,4 |325 258.514 180 44 7,2

5 25 51 |120 85,0 129 6.024 180 44 7,2

Kat1 kalint1 olarak yanma sonrasi olusan ucucu kiil ise kalint1 silosunda biriktirilmekte,
depolama sahalarinda bertaraf edilmekte veya ve daha sonra baska bir malzeme igin
hammadde olarak kullanilabilmektedir. Ornek olarak beton, karo gibi yap1
malzemelerinin igerisinde hammadde olarak kullanilabilir [20]. Sekil 6 bir atik yakma
tesisinin ugucu kiillerinin kullanildig1 seramik karolarin bir 6rnegi gosterilmektedir.

Sekil 6. Atik yakma tesisinden ¢ikacak ucucu kiillerin degerlendirilebilecegi 6rnek —
seramik karolar [20].

4. Tartisma ve sonuclar

Bu ¢alismada Bursa ilinde kurulabilecek bir atik yakma tesisinin tekno-ekonomik analizi
yapilmistir. Calisma kapsaminda Bursa ilindeki Inegél, iznik ve Yenisehir ilceleri
disindaki tiim ilgelerden toplanacak evsel kati atiklarin yakilarak elektrik {iretiminin
saglanmast durumunda toplanacak atik miktari, kullanilacak techizat, yatirim bedeli,
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yatirnmin karlili§i ve amortisman siiresi arastirilmistir. Bunun i¢in Biiyliksehir
Belediyesinin karakterizasyon ¢alismalari, literatiirdeki atik yakma tesisleri i¢in metodik
ve ekonomik kabuller kullanilmistir. Sonuglara gére Bursa ilinde yapilacak bir evsel
atiktan elektrik iiretim tesisinde islenecek atigin kalorifik degerinin 14 MJ/kg civarinda
olacagi saptanmistir. Bu deger literatiirdeki isletmede bulunan atik yakma tesisleri igin
belirtilen degerlerle paralellik gostermektedir. S6z konusu tesisin yillik net kazanci 25
milyon dolar ve geri 6deme siiresi 7,4 y1l olarak hesaplanmistir. Son olarak, bu ¢calismada
yapilacak potansiyel bir yatirimin gerektirdigi ¢evresel koruma 6nlemleri de tartigilmistir.
Ortaya cikacak atik gazlarin aritilmasinin miimkiin oldugu, kiil ve ciiruf gibi kat1 atiklarin
da geri doniisiimiiniin saglanabilecegi belirtilmistir. Buna gore Bursa ilinde atik yakma
tesisi yatirrminin karli ve ¢evre i¢in de faydali olabilecegi sonucuna ulagilmistir.
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Abstract

The amount of information transmitted over the internet network has dramatically
increased with the prevailing of internet use. As a result of this increase, the algorithms
used in data encryption methods have gained importance. In this paper, h(x)-Fibonacci
coding/decoding method for h(x)-Fibonacci polynomials is introduced. The proposed
method is fast because it is based on basic matrix operations, and it is suitable for
cryptographic applications because it uses the ASCII character encoding system. For this
reason, it differs from the classical algebraic methods in literature. Furthermore, the fact
that h(x) is a polynomial improves the security of cryptography.

Keywords: Coding/decoding algorithm, h(x)-Fibonacci polynomials, Fibonacci Numbers

h(x)-Fibonacci polinomlar1 i¢in kodlama teorisi

Oz

Internet kullammi giin gectikce yayginlastikca, internet aglari iizerinden gecen bilgi
miktart da kayda deger élgiide artmaktadir. Bu artisin sonucu olarak, bilgi sifreleme
metotlart da kullanilan algoritmalar da onem kazanmaktadir. Bu ¢alismada, h(X)-
Fibonacci polinomlar icin h(x)-Fibonacci sifieleme metodu tanitilmistir. Onerilen
yontem, temel matris islemlerine dayandigindan hizlidir ve ASCII karakter kodlama
sistemini kullandigindan kriptografik uygulamalara uygundur. Bu nedenle literatiirdeki
klasik cebirsel yontemlerden farklilik gostermektedir. Ayrica h(x)'in bir polinom olmasi
kriptografinin giivenligini artirir.

Anahtar kelimeler: Sifreleme/Desifreleme algoritmasi, h(X)-Fibonacci polinomlari,
Fibonacci Sayilart
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1.Introduction and Preliminaries

The Fibonacci polynomials play a significant role in mathematics. [6] These polynomials
were first examined by German mathematician E. Jacobsthal and Belgian mathematician
Eugene Charles Catalan in 1883. For n > 3, these polynomials E,(x), J,(x), ¢,(x) are
defined

Fi(x) =1,F(x) = x,E,(x) = xF,_1(x) + F,_,(x); (D)
J1(x) = ,(x) =1, ,(x) = Jpo1(x) + xJp_(x), 2)
o(x) =0,01(x) = 1, p(x) = 2x @p_1 (%) + @p_o(x); 3)

by Catalan, Jacobsthal, P.F. Byrd, respectively. Fibonacci numbers are obtained by
getting x =1 in the equation (1), and these numbers are used in different many
applications in the arts, modern sciences and architecture. [6]

The h(x)-Fibonacci polynomials, which are the most general form of the polynomials
defined the relations (1), (2), (3) above are defined by Nalli and Haukkanen

Frpni1(x) = () Fppn(x) + Fp 1 (x) 4)
with initial conditions F, o(x) = 0, F, ;(x) = 1in [7].

Now, we give the following statements about h(x)-Fibonacci polynomials.

Theorem: [7] The characteristic equation for £y, ,,(x) is given by

v —h(x)v—1=0
5)

h(x)+/h2(x)+4

2

— 2
where a(x) = )P

and B(x) =
Theorem: [7] Let n > 1. The matrix 6y (x) is defined as

Frne1(¥)  Fpp()

O () = Fpp () Fpn1(x)

(6)

where 8, (x) = [h(f) (1)]

Corollary: [7] The identity Fj, 11 (x)Fp, -1 (x) — FZ,(x) = (=1)™ holds forn > 1.

Recently, (p, g) — Fibonacci and Lucas polynomials, which are the more general form of
h(x)-Fibonacci polynomials, have been defined by Asci and Lee where p(&) and (&)
are the real functions in [1]. The general forms of ordinary generating functions of
Fibonacci-type numbers and polynomials are given in [2]. Fibonacci—Changhee numbers

and polynomials, ¢4 F, 4, (6) are defined by Zhang, Khan, Kizilates and some features of
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these polynomials are obtained in [3]. For other studies of special type polynomials,
please see [8-11].

To provide information security of data transfer through communication channel, there
have been many algorithms in the literature. Especially, encoding/decoding algorithms
have been of crucial role in assuring information security. Particularly, the Fibonacci
coding theory stands out as a highly favored approach in this field. For example, in 2006,
a new coding theory using the Fibonacci p-numbers and Q,,-matrices is proposed in [13].
Following this study, different methods in this field have been constructed. (see
[4,5,12,14,15,16,19,20,25]) There have been studies on Fibonacci and related
polynomials' encryption and decryption available in the literature. ([17],[21], [22]) On the
other hand, a new cryptography method based on Golden matrices is introduced in [18].
In this study, it has been simply proved that this “Golden” model is a secure and fast
cryptographic system.

The main purpose of this study is to present a coding theory of the h(x)- Fibonacci
polynomials that are a generalization of the matrix [7] for Fibonacci polynomials, Byrid
polynomials etc. Also, in this study, the performance of this method is evaluated.

2. A Coding/Decoding method for h(x)-Fibonacci polynomials

Here, a coding/decoding method based on h(x)-Fibonacci Polynomials is presented. In
this method, we insert our message into an even-sized matrix by inserting a zero at the
end of the message and every two words up until the matrix size is even. Then, we adapt
a coding scheme by splitting the message square matrix M of size 2m into the block
matrices termed B; (1 < i < m?) of size 2 x 2.

Note that the following forms for the matrices G;, B; and 6;' (x) in (6):

_[gi @3] , _[bi b5 @ @
“is lgé gil'Bl - lbé bil’ and Qi = [qg q4] (1)

In this method, the approach described in [14] is inspired. But, instead of the character
table in [14], we convert all characters to ASCII, which is named (American Standard
Code for Information Interchange) character encoding that represents characters as
numerical values. In ASCII, each character is assigned a unique code, allowing text to be
stored and transmitted as a sequence of numbers. To decode ASCII, you convert the
numerical values back into their corresponding characters. Basically, this code is used to
recognize characters and numbers on a keyboard. These are eight-bit sequence codes that
are used to distinguish between special characters, numbers, and letters. This system is
simple to comprehend and uses no complicated steps to execute. [26] Furthermore,
because our method is based on polynomials, it differs from this method proposed in [14].

Encryption types can be categorized based on various characteristics. These
characteristics are the key used, the algorithms employed and the specific use cases for
which they are designed for. There are two common encryption types: Symmetric and
asymmetric encryption. Since we use symmetric encryption in this method, we define the
public key n as follows:
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b, b<3

n= {[[b/z]], h>3 (8)

where b represents the number of the block matrices B;.

Now, we introduce all the steps of the encryption and decryption of this method:

2.1.Encryption Process:
Step 1: Start.
Step 2: Construct the M message matrix.
Step 3: Find n.
Step 4: Convert to string to ASCII decimal.
Step 5: The matrix M is subdivided into B; (1 < i < m?).
Step 6: Find b/ where (1 < j < 4).
Step 7: Compute det (B;) and assign to d;.
Step 8: Build the matrix E.
Step 9: End.
2.2 Decryption Process:
Step 1: Start.
Step 2: Find Q7 (x).
Step 3: Assign entries of the Qp (x) matrixtor; (1 < j < 4).
Step 4: Find r b + 13b% — gt (1 < i < m?).
Step 5: Find r,b! + r,b — gb.
Step 6: Solve (—1)™ x d; = gi (ryx; + 14bl)- gi(r1x; + 13bL).
Step 7: Replace by x; with b?.
Step 8: Find B;.
Step 9: Construct M.
Step 10: Convert M.
Step 11: End.

Example 1.1: Assume that we have the subsequent message matrix
Encryption Algorithm:

Now, after starting the algorithm, let us start with the second step:
Step 2: Consider that we have the following message matrix:

BELL LF ETX DLE

SI  STX EOT EOT ©)
LF US SO STX

NAK DC3 LF EMl,,.,

M=

Note that according to the ASCII table in [23], the equivalent of the LF(Line Feed)
unicode in the matrix M is newline [24]. (See another unicode’s [23] in the matrix M) In
this table, we only used the control code chart table when composing this message. If
desired, a message matrix can be created by the printable characters [24].

Step 3: Now, in this step, the public key n is calculated:
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using the equation (8).

Step 4: Here, all unicodes in the M message matrix in (9) are converted to ASCII decimal
in [24]. Firstly, we convert the M message matrix as the following form:

7 10 3 16
115 2 4 4
M = 10 31 14 2| (10)

21 19 10 25

Step 5: The message matrix M of size 4x4 in (10) can be divided into the matrices
B;,1 < j < 4, from left to right, each of size 2x2:

B, = [175 120]’32 - [i 146]'33 - [;(1) ié]'B“ - Hg 225 ' (11)

Step 6: The entries of the blocks B; (1 < j < 4) in (11) are as follows.

b} =7,10,15,2forj = 1,2,3,4
b} =3,16,4,4 forj=1,2,3,4
b]?’ =10,31,21,19 forj =1,2,3,4
bt =14,2,10,25 forj = 1,2,3,4

respectively.

Step 7: The d; determinants of the blocks B; in (11) are computed as seen below:

dl = det (Bl) = _136 d3 = det (B3) = _461
d, = det (B,) = —52 d, = det (B,) = 330.

Step 8: Merging the entries of the E matrix from the previous steps, the following
matrix is obtained:
—-136 7 10 2
p_|—52 3 16 4
—461 10 31 19/
330 14 2 25

As a result, here the phase of the encryption is over.

Decryption Algorithm:
Step 1: Start
Step 2: Using the public key n = 2, the matrix Q2 (x) can be found easily:

Fr3(x)  Fpa(x)

%D =g () Fay(0)
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Step 3: From the equation (6), the entries of Q2 (x) are obtained as the following step.
These entries:

| n=RP®W+1 | n=hx) | rn=hx | n=1._]

To construct the matrix G, we compute the elements g! , in the Step 4 and Step 5.
Step 4-5: These elements are found by

gi =7(h*(x) + 1) + 10 h(x),
g% = 3(h*(x) + 1) + 16 h(x),
g3 =10(h%(x) + 1) + 31h(x),
gf =14(h%(x) + 1) + 2h(x).

g3 =7 h(x) + 10,
g3 =3 h(x) + 16,
g5 =10 h(x) + 31,
gy =14 h(x) + 2.

Step 6-7: The x; elements for i = 1, 2, 3, 4 are calculated and then replaced by x; with
bi:

(—1D*(—136) = gi(h(x) x; + 1.2) + g2((h2(x) + 1) x; + 2h(x)) =
(—=1*(=52) = g#(h(x) x; + 1.4) + g2 ((R*(x) + 1) x, + 4h(x)) =
(—1D*(—461) = g3 (h(x) x5 + 1.19) + g3 ((h?(x) + 1) x, + 19h(x)) =

x3 = b3 = 21.
(—1)*(300) = gf(h(x) x4 + 1.25) + g3((R*(x) + 1) x4 + 25h(x)) =
x4 == bgL == 10.

Step 8: The block matrices, B; are built as shown below:

e R e M L P Rl e

Step 9: By merging these matrices B,, B,, B3, By, the following matrix M is found.

7 10 3 16
115 2 4 4
(10 31 14 2
21 19 10 25

Step 10: To convert the entries of the message matrix M to numeric values, using
ASCII table in [23], the following initial message is constructed:
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BELL LF ETX DLE
SI  STX EOT EOT

M=11r us so sTx
NAK DC3 LF EMl,,
Step 11: End.

Now, we provide an alternate implementation of this algorithm in the example below.

Example 1.2: Now let's build the message matrix for the given message text:
GLCODE”

Coding Algorithm:
Step 1: Start
Step 2: Then, we obtain the following message matrix M using this message text:

M= [g g]m (12)

Step 3: In this step, we determine that n = 1 because [[b/z]] = n via the equation (8).

Step 4: By using ASCII decimal in [24], all elements in the M message matrix in (12)
are transformed.

167 79
M=les 69]2x2
(13)

Step 5: Since M is a 2x2 message matrix, there is only one block matrix, B, as follows:

67 79

B, = [68 6o, (14)

Step 6: The following are the elements of block B; (1<j<4) in (14)

bjl =67,79,68,69forj=1,2,3,4

Step 7: The following computation shows the d, determinant of the block B; in (14):
d, = det (By) = —749

Step 8: After combining the E matrix's entries from the earlier stages, the following
matrix is produced:

_[—749 67
e
Decryption Algorithm:

Step 1: Start
Step 2: Using the public key n = 1, the matrix Q. (x) can be found easily:
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Fra(x)  Fpa(x)

%“*ﬁmﬂ@ Froo(x)

Step 3: The next step is to derive the entries of Q7 (x) from equation (6):

| n=h() | r,=1 | nm=1 | rn=0._|

In Steps 4 and 5, we compute the elements g: , in order to build the matrix G.
Step 4-5: These elements are obtained by

g1 =67(h(x)) +79 .1,

g3 =67.1+79.0.

Step 6-7: After computing the x; element, x; is substituted with b:

(—1)Y(=749) = gi(1. x; + 0.69) — g2(h(x) x; + 69.1) >
x1 = b% = 68

Step 8: The block matrix B;, which is one, is found as follows:

B, = [175 120].

Step 9: Without the need for merging, the M message matrix is obtained as follows:

_[67 79
M= 6g 69]4x4 '

Step 10: Similarly, the initial matrix can be easily found with the help of the ASCII
table in [23].

M= [g g]4954

Step 11: End.

3. Evaluation the performance of the algorithm:

In this section, we shall consider the mathematical operations in the previous section. In
this method, M is plain text which is also referred to as an unencrypted text in
cryptography. In addition, by converting plain text to cipher text using various encryption
algorithms, messages are encoded in a way that cannot be read. Here, E is cipher text.
Then, this cipher text is converted to plain text by decryption algorithms. As in [18], the
encryption and decryption time of the whole algorithm are calculated. To compute this
duration, the following table is used for all the steps of the encryption and decryption of
this method:
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Table 1: The details of the name of process and notation of the algorithm

Encryption Decryption
The Name of Process Notation The Name of Process Notation
Construct the message Computing the
matrix M Atpons elements of the matrix At
Q7 (x) with public key
n.
Converting the message Assignment of the
matrix M to ASCII At entries of the matrix Ay,
Qn(x)
Finding the public key Computing g} elements
n A, forj=1,2 Ateom
Splitting the message Computing x;
matrix into B; blocks Ay, elements Ateom
fori=1,2,3,4.
Assignment of the entries Construct the block
of the blocks B; Ay, matrices B; (replace by Atoons
x; With b})
Computing d; determinants Construct the message
of b} blocks for i,j = Ao matrix M Ations
1,2,3,4
Merging the entries of the Converting the message
E matrix Ay, matrix ASCII decimal
to numeric values A,

According to the Table 1, we consider all the steps of full encryption time, T,,,. and
decryption time, T,... These results are found:

Tenc = Atcons + Atconv + Atf + Ats + Ata + Ateom + Atm' (15)

Tdec = 3Atcom + ZAtcons + Atconv + Ata' (16)

Both the encryption and decryption phases of the model from the results (15) and (16) are
based on eight basic operational operations.

4. Conclusion:
This algorithm has the following superior features:

(@) As we know, one of the biggest problems is slowness in the encryption methods. To
overcome this problem, we use symmetric encryption in this method. When we also
examine the speed of the model by reducing it to a transactional basis, we realize that
the results from (15) and (16) show that this method is so fast.

(b) The alphabet system in this study is used to the ASCII (American Standard Code for
Information Interchange) character code system and thus it is aimed to make it ready
for cryptographic applications. In addition, it is difficult to find combinations using
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brute force attack of plain text with algorithms created based on this coding structure.
[26] For this reason, one of the biggest advantages of the algorithm proposed because
this coding structure is used is that the infrastructure of this coding structure is suitable
for security tests. On the other hand, the method that we have proposed allows us to
understand that it can be used for many types of polynomials.

When evaluating the performance of this model, it can be said that the method is suitable
for both encryption/decryption time and ASCII character encoding for developing secure
cryptographic applications.
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Oz

Yildvrimlar, kisa devreler, arizalar ve anahtarlamalar gii¢ sistemlerinde gegici olaylarin
olusumuna neden olmaktadir. Anlik olusan bu durum akim veya gerilimde genlik
degerininin yiikselmesine veya diismesine sebep olmaktadir. Elektrik gii¢ sistemleri i¢cin
kararlilik ¢ok kritiktir. Bu yiizden gii¢ sistemlerinde olugsan bu gegici durumlarin analiz
edilerek gerekli tedbirlerin alinmasi gerekmektedir. Rayli sistemler i¢in igletme
stirekliligi kritik bir 6neme sahip oldugu i¢in isletmenin durmamasi i¢in bu tip elektriksel
gecici durumlar ozellikle dikkate alinmalidir. Bu ¢alismada DC beslemeli rayli sistem
trafo merkezlerinde bulunan orta gerilim sistemlerinde olusabilecek gecici rejimlerin
analizi ve bu durumun dinamik voltaj diizenleyici uygulamast ile ortadan kaldirilmasi
arastirilmistir. Orta gerilim sisteminde gerceklesebilecek kisa devre ariza durumu ve
gerilim yiikselmesi durumlari incelenmistir. Voltaj diizenleyici devresi icin IGBT lerden
olusturulan giic elektronigi devresi kullanilmigtir. Gegici rejimlerin olusturdugu etki ve
voltaj diizenleyici devresinin sisteme baglanmasindan sonraki duruma ait benzetim
vapilarak saglanan iyilestirme durumu ortaya konulmustur. Yiike uygulanan gerilimin
genligi, kaynak geriliminin genligiyle ayni seviyeye getirilmistir.

Anahtar kelimeler: Dinamik, Diizenleyici, Gerilim, Rayli, Trafo

“Mehmet Taciddin AKCAY, mehmettaciddinakcay@halic.edu.tr, https://orcid.org/0000-0002-1050-4566
Aysel ERSOY, aersoy@iuc.edu.tr, https://orcid.org/0000-0003-1164-7187

237


https://orcid.org/0000-0002-1050-4566
mailto:aersoy@iuc.edu.tr

AKCAY M.T., ERSOY A.

Analysis of transient events in DC rail system substations and
application of PLL based dynamic voltage regulator

Abstract

Short circuits, lightning, faults and switching cause transient cases in power systems.
This Instantaneous situation give rise to change in the amplitude of the current and the
voltage. Voltage regularity is critical in electrical power systems. Therefore this transient
cases should be considered and analyzed for the prevention of these events. This kind of
electrical transient events are especially must be studied because of the importance of the
operation continuity in railway systems. In this study, transient analysis of medium
voltage systems in DC rail system substations with a solution by dynamic voltage
regulator application is researched. Medium voltage short circuit fault case and voltage
swell are examined. Power electronic circuit with IGBT’s is used for the voltage
regulation circuit. Transient voltage and the electrical situation after the connection of
the dynamic voltage regulator to the circuit are simulated and the results given with the
restoration. Load voltage amplitude is leveled with the source voltage amplitude.

Keywords: Dynamic, Rail, Regulator, Transformator, Voltage

1. Giris

Gli¢ sistemlerinin ana gorevi yiike ulastirilmasi gereken gerilim sinyalinin siniizoidal
dalga sekline sahip olmasidir. Sebekeye baglanan tiim alt sistemlerin performansinda
herhangi bir problem yasanmamasi agisindan bu durum c¢ok onemlidir. Giig¢ kalitesi
probleminin temelinde gerilimde ve akimda olusan diizensizlikler bulunmaktadir [1-2].
Sebekeye baglanan nonlineer yiikler de gii¢ kalitesinin sorunlar1 arasinda yer almaktadir
[3]. Elektriksel sistemlerin bazi bolgelerinde ya da bir bolgesinde bazen isletmeci ve
tiikketici tarafindan istenmeyen gecici rejimler yasanabilmektedir. Bu durumlar kisa devre
durumlari, yildirimlar, arnizalar ve anahtarlamalardan kaynaklanan elektriksel
durumlardir. Bu tip ge¢ici durumlar sistemde gerilim ve akim sinyallerinde yiikselmelere
ve algalmalara neden olarak alt sistemlerin performansini ve Omriinii olumsuz
etkilemektedir.

DC beslemeli rayl1 sistemlerde ana enerji temini sebekeden temin edilen orta gerilim ile
gerceklestirilmektedir. Bu enerji kullanilarak trafo merkezlerinde bulunan doniistiiriicti
ekipmanlarla aracin ihtiyaci olan ilgili besleme gerilimi elde edilmektedir. Sebekeden
temin edilen ve trafo merkezlerinde kullanilan 34.5 kV orta gerilim sisteminde
gerceklesecek bir kisa devre durumu ve gerilim yiikselmesi durumu orta gerilim
hiicrelerinin ariza konumuna ge¢cmesine neden olarak isletmenin durmasiyla
sonuclanabilecek olumsuz bir durumdur. Gerilim ¢okmesi ve yiikselmesi bu olaylar
arasinda en sik rastlanan olaylardir [4]. Gerilim ¢dkmesi siklikla sistemde gergeklesen
ariza durumlarinda ya da biiyiikk asenkron motorlarin devre alinmasi esnasinda
gerceklesmektedir [5]. Gerilim ¢cokmesinin karakteristigi ve gerilimdeki azalmanin etkin
deger aralig1 IEEE 1159 standardinda verilmektedir [6].

Dinamik voltaj diizenleyicinin islevi gerilim algalmasi ya da yilikselmesi tespit edildiginde
hesaplanan gerilimin sisteme seri bagli transformatdr ile aktarilmasidir [7]. Dinamik
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voltaj diizenleyici (DVR) kritik yiiklere dinamik olarak gerilim kompanse edebilen giic
elektronigi ekipmanmidir [8]. Yiiksek gerilim degisimleri kritik tiiketici yiiklere ait alt
sistemlerde agmalara ve neticesinde ortaya cikacak kayiplara neden olmaktadir [9].
Gerilim dalgalanmalar1 6zellikle yari iletken teknolojisi ile ¢alisan hassas ekipmanlarin
zarar gdrmesine neden olmaktadir. Bu ekipman kontrol edilebilir role, seri transformatore
bagl gerilim hesap modiilii ile gerilim kaynagindan olusmaktadir [10]. Bu yapida
transformator, sistemin ihtiyact olan gerilimi belirli araliklarla sisteme enjekte ettigi i¢in
kritik bir 6neme sahiptir [11]. Yiik gerilimin diizeltilmesi i¢in dagitim barasina aktif ya
da reaktif gili¢ enjekte edilmektedir [9]. Bu ekipman i¢in kompanzasyon kapasitesi
eviricinin ulasabilecegi gerilim seviyesine baglidir [12]. Gerilim dalgalanmalarini
Onlemek i¢in bircok yontem kullanilmasina ragmen optimal ¢6ziim olarak dinamik voltaj
diizenleyiciler kullanilmaktadir [13]. Sistemdeki hassas ekipmanlar gerilim
dalgalanmalarindan daha ¢ok etkilendigi i¢in bu ekipman olusan fark gerilimi sisteme
enjekte etmek i¢in ¢ok hizli bir sekilde devreye girmektedir [14]. Dinamik voltaj
diizenleyici ile ilgili ¢esitli gerilim kompanzasyon stratejileri ve kontrol teknikleri ile
ilgili bir ¢ok ¢aligma bulunmaktadir. Dinamik voltaj diizenleyici i¢in kullanilan en yaygin
kontrol teknikleri Klasik kontrol teorisi ya da modern kontrol teorisidir [15]. Optimize
kontrol stratejileri sisteme enjekte edilen gerilimi azaltmaktadir. Dinamik voltaj
diizenleyicide dalgalanma filtresinin tasarimi  performansin arttirilmast  igin
incelenmektedir [16]. Gili¢ kalitesi elektriksel ekipmanlar ve son tiiketici cok onemlidir
[17]. Elektriksel hassasiyete sahip yiiklerin sayisi arttikga bu 6nem daha kritik bir
seviyeye ulasmaktadir [18]. Birden fazla hassas yiikiin korunmasi i¢in gereken DVR
cihazlarinin genel ekonomik maliyetini azaltmak amaciyla DC dinamik gerilim
diizenleyici kullanilmaktadir [19]. Gii¢ sisteminde, reaktif gii¢ tiretimi ile tliketimi
arasinda dengesizlige yol acan ve gerilim sapmalarina neden olan dogal bir yiik degisimi
vardir [20]. Ani sebeke gerilimi bozulma kosullar1 altinda ti¢ fazl yiik gerilimini stabilize
etmek i¢in dinamik voltaj diizenleyici gelistirilmistir [21]. Sekil 1. ile kisa devre ve
gerilim yiikselmesi durumlar1 gosterilmektedir.

«10% Kisa Devre ve Gerilim Yiikselmesi Durumlari
T T T

T
Gerilim Sinyali

Gerilim (V)
o N
[
>

g
>
—
\::>
>

1 1
0 0.5 1 1.5 2 25
Ornekleme Sayisi x10°

Sekil 1. Kisa devre ve gerilim yiikselmesi durumlari

[1] ile farkli kontrol teknikleri kullanilarak DVR modellemesi yapilmistir. [2]’de
dengesiz yiik kosullarinda hizli yiikk kompanzasyonu icin Dstatkom uygulamasi
anlatilmistir. [3] ile verilen ¢alismada gii¢ kalitesi problemi i¢in Statkom uygulamasi
anlatilmistir. [4] nolu ¢alismada Bulanik Mantik tabanli DVR konusu incelenmistir. [5]
nolu ¢alismada ise ANFIS kontroller kullanilarak DVR tasarimi yapilmistir. [6] nolu
calisma ile diisiik maliyetli DVR konusu arastirilmistir. [7] ile gii¢ kalitesi problemi ele
alinarak DVR modellemesi yapilmistir. [8]’de gii¢ dagitim sistemlerinde Bulanik Mantik
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tabanli DVR uygulamast anlatilmistir. [9]’da giic kalitesinin arttirilmasi i¢in DVR
calismas1 anlatilmigtir. [10] ile algak gerilim tarafina baglit ANFIS tabanli DVR konusu
arastirilmistir. [11]°de ise yiiksek frekans tabanli izole DC-DC doniistiiriicii kullanan
DVR sistemi anlatilmistir. Bu ¢alismada DC beslemeli rayh sistem trafo merkezlerinde
bulunan orta gerilim sistemlerinde olusabilecek gegici rejimlerin analizi ve bu durumun
voltaj diizenleyici uygulamasi ile ortadan kaldirilmasi matlab yardimiyla modellenmistir.
Rayli sistem elektrifikasyon sistemi i¢in tasarlanan DVR sistemi PLL tabanli olup
sonuglarda yiiksek basar1 elde edilmistir. Benzetimle ilgili grafikler ve sonuglari
kiyaslamali olarak anlatilmistir. Benzetimle saglanan iyilestirme durumu sonuglarla
agiklanmustir.

2. Metot

Bu kisimda ilgili ¢aligmaya ait matematiksel denklemlerle dinamik voltaj diizenleyici
anlatilarak deneysel calismaya ait igeriklere yer verilmistir.

2.1. Dinamik voltaj diizenleyici

Dinamik voltaj diizenleyici IGBT’ lerden olusur ve kontrol edilen role ile devreye
girmektedir. Sekil 2.’de dinamik voltaj diizenleyicinin yapist gosterilmektedir. Tek faz
elektrik ag1 kullanilmistir. Sisteme enjekte edilecek gerilim referans kaynak geriliminden
Olciilen gerilimin ¢ikarilmasiyla hesaplanmaktadir. Referans gerilimin hesaplanmasi i¢in
faz kilitlemeli dongii (PLL) kontrol sistemi kullanilmistir.

nad)

Sekil 2. Dinamik voltaj dﬁzenleyicinin yapisi [15]

Dinamik voltaj diizenleyici tarafindan sisteme aktarilan gerilim Venj ile ifade edilmekte
olup denklem 1. esitligi ile verilmektedir. Vy ve Vi ise yiik gerilimini ile kaynak
gerilimini temsil ederken 6 gii¢ agisini1 ifade etmektedir.

Venj = \/Vyz + Vg2 — 2V, Vi cos( 8y — Bx) 1)

Denklem 2. ile dinamik voltaj diizenleyicinin gii¢ acist hesaplanmaktadir.

Vi siné
Vg cosd —Vy

— -1
Ocnj = tan

)

Dinamik voltaj diizenleyicinin gerilimi denklem 3. esitliginde goriildiigii lizere yiik
geriliminden kaynak geriliminin ¢ikarilmasiyla hesaplanmaktadir.
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|VDVD| = |VY| - |VK| (3)

Yiik akimina ait denklem ise denklem 4. ile verilmektedir. Yiikiin aktif giicii Py,
reaktif giicti ise Qv ile gosterilmektedir.

P tie

= @

Dinamik voltaj diizenleyiciye ait goriinlir giic ise gerilimle ylik akiminin ¢arpimiyla
bulunmaktadir. Bu esitlik denklem 5. ile gosterilmektedir.

Spvp = Vpvp Iy (5)

Dinamik voltaj diizenleyicinin ¢aligmasiyla ilgili olusturulan sistem asagida algoritma
1’de gosterilmektedir.

Adim 1. Baslangi¢ degiskenlerinin atanmasi

Adim 2. V¢ ¢ikis geriliminin dl¢lilmesi ve sinyal bilgisinin aktarilmast

Adim 3. Kaynak voltaj sinyalinin girisi

Adim 4. Vmax degerinin belirlenmesi

Adim 5. PLL kontrolorii ile frekansin hesaplanmasi

Adim 6. Tetikleme sinyalleri i¢in V referans geriliminin hesaplanmasi

Adim 7. Tetikleme sinyalleri tliretilmesi ile devrenin iletime ge¢mesi

Adim 8. Vy <€ olana kadar ¢alismanin siirdiiriilmesi

Bu dongii referans gerilim € degerinden daha kii¢iik oluncaya kadar devam ettirilirken
sistem ylike gerilim enjekte ederken zamanda herhangi bir gecikme yaganmamasi
hedeflenmektedir.

2.2. Deneysel ¢calisma

Bu caligmada olusturulan test diizenegi ile rayl sistemlerde kullanilan izole malzemenin
elektriksel 6zellikleri test edilmistir. Test diizenegi olusturulurken IEC 587 standardindan
yararlanilmistir. Elektrolitik iletkenligi 6l¢mek i¢cin damitilmis su kullanilmistir. Diizenek
icin 0.5 mm kalinliginda paslanmaz c¢elik elektrotlar kullanilmistir. Yiiksek gerilim elde
etmek icin 220 V / 10e3 V ¢evirme oranina sahip 1 kVA giiclinde transformator
kullanilmistir. Giris gerilimini sabitlemek i¢in 230 V ve 7.5 kVA giiciinde auto-

transformatdrden yararlanilmistir. Test sirasinda ortam sicakligi 25° C (4£2) olarak
secilmistir. Test diizenegine ait elektriksel sematik sekil 3. ile verilmektedir.
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Sekil 3. Deneysel ¢alisma
Test diizenegine ait devrenin ¢aligma prensibi asagida algoritma 2 ile gosterilmektedir.
Burada seri direng akimi sinmirlandirmak i¢in kullanilirken sigorta emniyet agisindan
devreyi kesmek igin yerlestirilmistir. Olglimler voltmeter ile alinirken yiiksek gerilim
transformatoriiniin seconder ucu topraklanmistir. Devre gii¢ kaynagindan sonra baglanan
kesicinin pozisyonuna gore aktif hale gelmektedir.
Adim 1. Kesicilerin on pozisyonuna getirilmesi
Adim 2. 230 V AC gerilimin ratio transformatore ulagmasi
Adim 3. Gii¢ transformatorii ile 10 kV yiiksek gerilimin elde edilmesi
Adim 4. Seri direng iizerinden akimin malzemeye ulagmasi
Adim 5. Malzeme lizerinde olusan elektriksel karakteristiklerin kayit edilmesi
Adim 6. Akimin sigorta lizerinden topraga ulagsmasi
Adim 7. Data setinin elde edilmesine kadar bu islemin devam ettirilmesi
Devre baglantis1 gerceklestirildikten sonra malzeme {izerinde ortaya ¢ikan kagak akimlar
kayit edilerek gerilim gegici olay1 durum analizi yapilmistir. Bu durumun sonucu raylh
sistem elektrifikasyon sisteminde esdeger direngle birlikte hesaplanarak ortaya g¢ikan

gerilim gegici olay1 voltaj diizenleyeci ile kontrol altina alinmistir. Bu durumda ortaya
cikan gerilim gegici olay sinyali sekil 4. ile gosterilmektedir.

«10*

1 2 3 4 5 6
Zaman (s)

Gerilim (V)
b & A b o v & o o

o

Sekil 4. Gerilim gegici olay1
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Bu durumda olusan gerilim gegici olayi li¢ farkli bolgede ortaya ¢ikmakta olup nominal
gerilimin {i¢ katina kadar salinim gostermektedir. Gerilim i¢in nominal deger baz
alinirken faz-toprak gerilimi baz alinmistir. Bu deger 34.5 kV faz-faz gerilimi i¢in 20 kV
civarinda olmaktadir. Bu durum 6 saniye i¢in kayit altina alinmustir.

3. Bulgular

Bu calisma ile dinamik voltaj diizenleyicinin rayli sistemler i¢in kullanilmasi durumu
incelenmistir. Benzetim i¢in DC beslemeli rayli sistemlere ait trafo merkezi
modellenmistir. Sekil 5.°de benzetim ic¢in kullanilan devreye ait modelleme
gosterilmektedir. Gerilim yiikselmesi, gerilim algalmasi ve  gerilim gegici olay1
durumlarina ait iyilestirme saglanarak sonuglar ortaya konulmustur.

a

b

1e-06 s. Gerilim Yiikselmesi

AT
z1 22 i_
~) Vac + = E Diger Yukler
T €1 o Hata
"‘
% e | ‘ .

Discrete ‘

Sekil 5. Dinamik gerilifn diizenleyici devre modeli

Benzetimde kaynak gerilimi i¢in cer merkezinde bulunan 34.5 kV orta gerilim sistemi
kullanilmistir. Trafo merkezinde gerceklesen elektriksel gerilim gecici olayi
incelenmistir. Sekil 6. ile enjekte edilen gerilimlerin iiretilmesinde kullanilan tetikleme
sinyallerinin tiretildigi boliim verilmektedir. Kontrol blogu ile sistem i¢in iiretilen control
sinyali devreye aktarilmaktadir. Paralel kapasitor ile sistemin gerilim ihtiyact
karsilanmaktadir.

Sekil 6. Kontrol sinyallerinin iiretilmesi

Dinamik voltaj diizenleyici ile fark gerilim hesaplamasinda kullanilan referans sinyaller
bu kisimda iiretilmektedir. Benzetim i¢in 6rnekleme sayis1 daha efektif sonug elde etmek
icin 4e5 secilmistir. Tablo 1.’de dinamik voltaj diizenleyici i¢in Onerilen dizayn
parametreleri verilmektedir. Trafo merkezi besleme bolgesinden iki adet demiryolu
aracinin gectigi durum incelenmistir.
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Tablo 1. Dinamik voltaj diizenleyici parametreleri

Parametre Deger
Kaynak Gerilimi Vi 34.5kV Vms Faz-Faz

Kaynak Frekansi 50 Hz

Kaynak Empedansi (Rk,Lk) 10e-5Q le-4H

Yik Giicii (Syix) 5 MVA, 250 kVAR
Tek Faz Hata Direnci (Rn) le-2 Q
Statkom Anahtarlama Frekansi 3 kHz
Gerilim Yiikselmesi Vp 3Vk
Baglant1 Transformatdrii Cevirme 1
Orani

Evirici Filtresi (Ls) le-7H

Sekil 7. ile kisa devre ve gerilim yiikselmesi gerilim gegici olayr durumlarinin yasandigi
esnada kaynak geriliminin davranisi, enjekte edilen gerilim ve diizeltilen gerilim
gosterilmektedir.  Sistemde Onemli seviyede ani gerilim dalgalanmalar1 olusurken
dinamik gerilim diizenleyici ile bu durum ortadan kaldirilmistir.

<10%

= 2 T Hatta Gergeklesen Gerilim J’\\ f\\ ’/\\ 1
< \ \ N Gegici Olaylarl [ \ N
£\ \/\/\ \ e a (0 o F »/ WAVAVAY
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Ornekleme Sayisi

Sekil 7. Kaynak gerilimi

Mavi sinyal ile gerilim gecici olay1 gerilimleri gosterilirken, kirmizi sinyalle enjekte
edilen gerilim ifade edilmistir. Yesil sinyalle ise yiikke gelen diizeltilmis gerilim
gosterilmistir. Sekilde goriildiigii tizere 1-2.1 araliginda kisa devreden kaynakli gerilim
¢okmesi yasanirken 3-3.5 araliginda ise gerilim yiikselmesi yasanmaktadir. Bu durumda
sisteme 1-2.1 araliginda 10 kV seviyelerinde gerilim enjekte edilirken 3-3.5 araliginda ise
25 kV-28 kV seviyelerinde gerilim aktarilmaktadir. Sekilde goriildiigi tizere dinamik
voltaj diizenleyici ile yiike iletilen gerilim temiz siniizoidal seklini getirilmigtir. 1-2.1
araliginda gerceklesen kisa devre durumuna ve 3-3.5 aralifinda gergeklesen gerilim
yiikselmesi durumuna ragmen yiik bu durumdan etkilenmemistir. Sekil 8. ile bu duruma
ait sinyallerin durumu daha fazla sayida drnekleme sayisi ile gosterilmektedir.
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Sekil 8. Diizeltilmis, diizeltici ve gerilim gecici durumlarina ait sinyaller

Tablo 2.’de dinamik gerilim diizenleyici ile saglanan basar1 durumlarina ait bilgiler 6zet
tablo ile verilmektedir.

Tablo 2. Dinamik voltaj diizenleyici parametreleri

P Kisa Devre | Gerilim Yiikselmesi Deneysel Gerilim

Ol¢iim Noktalar . .
Durumu Durumu Gecici Olay1

18 kV .
Kaynak Gerilimi |  (Dissiik S8RV (Yiksek | 5072 kv (Salimm)
. Gerilim)
Gerilim )
, e 28 kV . .
Yiik Gerilimi . 28 kV (Nominal) 28 kV (Nominal)

(Nominal)

. Katlasal % 55 %55 % 40- %61

lyilestirme Orani

Dinamik voltaj diizenleyici kullani1ldig1 durumda gergeklesen iyilesme hali bu tabloda net
bir sekilde goriilmektedir. Bu sekilde yiikiin gecici rejimlerin olusturdugu herhangi bir
olumsuz durumdan etkilenmesi engellenmistir. Tabloda goriildiigii lizere orta gerilim
sistemi kisa devre, gerilim yiikselmesi ve deneysel gerilim gecici olayr durumlarinda
olumsuz etkilense de yiike gelen gerilim nominal degerini korumay1 stirdiirmiistiir.

Elde edilen sonuglar iyilestirme oranlarinin ytliksek oldugunu ortaya koyarken yiike gelen
gerilimin nominal degerler igerisinde kaldigin1 gostermektedir. Bu ¢alismada kullanulan
PLL tabanli dinamik gerilim regiilatorti ile yiliksek basar1 elde edilerek gerilim gegici olay1
durumlar kontrol altina alinmistir. [1] nolu g¢alismada Onerilen yontemle gerilim
tyilestirmesinde % 35 oraninda basar1 elde edilmistir. [2] nolu ¢alisma ile kullanilan
Dstatkom ile kaynak akimina ait THD degeri % 7’ye diisiiriilerek reaktig giic
kompanzasyonu yapilmistir. [3] ile FACT tabanli statkom ile biiyiikk Slgekli giic
sistemlerinde yliksek performans elde edildigi belirtilmistir. [4]’de Nominal geriliminin
%40 ‘1ile % 60’1 oraninda gerceklesen gerilim ¢okmelerinde iyilestirme saglanmustir. [5]
ile yapilan galisma ile nominal gerilimin % 10’u kadar gerilim enjekte edilerek 0.1
mertebelerin hata elde edilmistir. [6] nolu ¢calismada % 5 tolerans ile gerilim diizeltmesi
yapilmistir. [7] ile yapilan calismada % 85 oraninda basar1 elde edilerek harmonik
probleminin alti ¢izilmistir. [8]’de {i¢ faz-toprak hata akimi ve cift faz-toprak hata
durumlarinda sistemin nominal besleme gerilimini elde etmesi saglanmistir. [9] nolu
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calismada DVR tasarimlarin kullanilan kontrol yontemleri i¢in minimum power enjekte
edilmesinin, enerji tasarffuna yonelik faydalarin 6nemi vurgulanmistir. [10] ile ANFIS
yontemi ile DVR tasariminda sebeke geriliminin % 20’si oraninda gerilim seviyesinde
iyilestirme saglanmigtir. [11]°de % 30 oraninda diisen gerilim DVR ile nominal
seviyesine ¢ikarilmigtir. [12] nolu ¢alismada 0.4 pu miktarindaki gerilim ¢okmesi
durumuyla ilgili iyilestirme ortaya konulmustur.

4. Sonug¢

Bu calismada DC beslemeli bir demiryolu trafo merkezinde olusacak gecici rejimlerin
dinamik voltaj diizenleyici ile ortadan kaldirilmasi arastirilmistir. Orta gerilimde olusan
kisa devre durumu ve gerilim yiikselmesi durumu incelenmistir. Sistem ve alt sistemler
modellenerek benzetim yapilmistir. Benzetim sonucunda yilike ait gerilimin dalga
isaretinin saf siniizoidal dalga isaretinde olmas1 saglanmistir. Benzetim sonuglariyla ilgili
kiyaslamali sonuclar ve iyilestirme durumu tabloda 6zet halinde verilmistir. Kisa devre
bolgesinde gerilim 18 kV seviyelerine kadar diiserken dinamik voltaj diizenleyicinin
devreye girdigi bolgede 28 kV nominal tek faz gerilimi elde edilmistir. Gerilim
yiikselmesinin oldugu durumda ise gerilim 58 kV’lara kadar ¢ikarken dinamik voltaj
diizenleyici ile bu deger nominal degerini almistir. Yiike ulasan gerilimin saf siniizoidal
seklinde oldugu ve gergeklesen iyilestirme durumu grafiklerden anlagilmaktadir. Bu
calisma ile deneysel olarak yapilan ¢alismalardan elde edilen datalar yardimiyla bir rayh
sistem trafo merkezinde gerceklesecek gerilim degisimlerinin yiik tarafina yansimadan
tyilestirilmesi saglanarak, DVR uygulamasi rayli sistemler alaninin en kritik
problemlerinden biri olan elektrifikasyon gerilim dengesizligi probleminin ¢éziimii i¢in
kullanilmistir. Bu c¢alismanin rayli sistemler alanina 6zgilin bir algoritma ile DVR
uygulamasi ve deneysel ¢alismalarin kullanilmasi yoniiyle ilgili ¢alismanin literatiire
etkin katkilar1 bulunmaktadir.

Ekipmanlarin arizaya ge¢gmemesi ve herhangi bir aksaklik yasanmamasi agisindan
gerilim diizenliligi ¢ok 6nemlidir. Sistemlerde gerilim al¢almalar1 veya yiikselmeleri
yiiziinden maddi ve manevi kayiplarin yaganabilmesi s6z konusudur. Rayl sistemlerde
kesintisiz isletme hali mevcut oldugu igin sistem siirekliligi agisindan bu konularin
ozellikle dikkate alinarak ¢o6ziime kavusturulmas: gerekmektedir. Dinamik voltaj
diizenleyici gerilim dalgalanmalar i¢in kullanilan en etkili gii¢ elektronigi ekipmanidir.
Gelisen teknoloji ile birlikte yeni kontrol tekniklerinin ortaya ¢ikmasiyla dinamik voltaj
diizenleyicinin performansinin arttirilmasi i¢in ¢caligmalar siirdiiriilmektedir.
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Abstract

Asteraceae, is a cosmopolitan family in terms of natural chemistry, flowering
morphology, and adaptation to habitat. Even if there are numerous taxonomic and new
molecular phylogenetic studies, the ancestors of the Asteraceae family are not well
defined. Study material under consideration, Carlina L., is a member of the tribe
Cardueae which belong to Cichorioideaea subfamily of the Asteraceae. The genus
Carlina is represented by C. lanata, C. vulgaris, C. tragacanthifolia, C. biebersteinii, C.
intermedia, C. oligocephala, C. involucrata subsp. libanotica, C. corymbosa, C.graeca
in The Flora of Turkey. In this study, molecular phylogenetic analysis of the genus
Carlina, which has a natural distribution in Turkey, has been made. The DNA isolation
was performed using phenol- chloroform- isoamylalcohol. ITS (Internal Transcribed
Region) of the nuclear ribosomal DNA (nrDNA) and the trnL-F (Transfer RNA coding)
region of the chloroplast DNA sequences were used as molecular markers. Carlina was
selected as ingroup taxon and Cardopatium, Atractylis and Carthamus were outgroup
taxa. Taxa belonging to the genus Carlina distributed in Turkey were analyzed
phylogenetically using Branch-and-Bound algorithm with maximum parsimony criterion.
Data set analysis using 952 best parsimony trees was made. One tree topology was the
most reliable and clads have strongly Bootstrap support.

Keywords: Asteraceae, Cardueae, ITS, trnL-F, Phylogenetic Analysis”
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Tiirkiye'deki Carlina L. (Asteraceae) cinsine ait
taksonlarin molekiiler filogenetik analizi

Ozet

Asteraceae, dogal kimyasi, c¢iceklenme morfolojisi ve habitata uyumu agisindan
kozmopolit bir familyadir. Cok sayida taksonomik ve yeni molekiiler filogenetik ¢calisma
olsa da, Asteraceae familyasimin atalari tam olarak tamimlanmamistir. Incelenen ¢alisma
materyali, Carlina L., Asteraceae'nin Cichorioideaea alt familyasina ait Cardueae
kabilesinin bir iiyesidir. Carlina cinsi, Tiirkiye Florasinda C. lanata, C. vulgaris, C.
tragacanthifolia, C. biebersteinii, C. intermedia, C. oligocephala, C. involucrata subsp.
libanotica, C. corymbosa, C.graeca ile temsil edilir. Bu ¢alismada, Tiirkiye'de dogal
vayuis gosteren Carlina cinsinin molekiiler filogenetik analizi yapilmistir. DNA
izolasyonu fenol-kloroform-izoamilalkol kullanilarak yapildi. Molekiiler markér olarak
niikleer ribozomal DNA'nin (nrDNA) ITS (Internal Transkripsiyonlu Bolge) ve kloroplast
DNA sekanslarimin trnL-F (Transfer RNA kodlama) bélgesi kullamld:. I¢ grup taksonu
olarak Carlina, dis grup taksonu olarak Cardopatium, Atractylis ve Carthamus
secilmistir. Tiirkiye'de yayilis gdésteren Carlina cinsine ait taksonlar, maksimum
parsimoni kriteri ile Branch-and-Bound algoritmas: kullamilarak filogenetik olarak
analiz edilmistir. 952 en iyi parsimoni agaci kullanilarak veri seti analizi yapiimistir. Bir
agag topolojisi en giivenirlikte ve dallar gii¢lii bir sekilde Bootstrap destegine sahiptir.

Anahtar Kelimeler: Asteraceae, Cardueae, ITS, trnL-F, Filogenetik Analiz

1.Introduction

The Asteraceae family is a cosmopolitan family with natural chemistry, flowering
morphology and habitat adaptation. Family contains 1130 genera, nearly 25,000 species
and has natural distribution in every region of the world [1].

The family is divided into three sub-families of Barnadesioideae, Cichorioideaea and
Asteroideae. The study material is Carlina L. species included in the Cardueae tribe of
the Cichorioideaea sub-family of the Asteraceae family [2].

The Cardueae tribe is a controversial group and it is divided into 4 subtribes in the
traditional classification (Echinopsidinae, Carlininae, Carduinae and Centaurenae) [2].
Carlina is included in the Carlininae subtribe. Most problems in the Cardueae tribe are
experienced with differentiation of the Echinopsidinae and Carlininae tribal boundaries
[2,3]. The genus Carlina is represented by the species in The Flora of Turkey and The
East Aegean Island as C. lanata, C. vulgaris, C. tragacanthifolia, C. biebersteinii, C.
intermedia, C. oligocephala, C. involucrata subsp. libanotica, C. corymbosa, C.graeca,
[4] (Figure 1).
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Figure 1. Distribution of Carlina L. taxon in Turkey [4].

Most Carlina species are used for medical purposes. They are used as diuretic,
diaphoretic, to increase stomach fluid flow in gastrointestinal disorders and even as
mouthwash for colds. In Bulgaria the roots are used for kidney irregularities, skin
infections, hemorhoids and nervous disorders. The sap from fresh roots is used as a de-
wormer. Roots encourage bile flow and were identified to assist in clearing liver steatosis.
Tea used regionally was observed to be good for toothache. Among the public, water
prepared from root extracts is known to be effective for washing wounds [5]. It is also
recognized as a potent mosquito larvicide [6].

Carlina roots contain 20% inulin, 1-2% volatile oils and flavonoids and these oils have
antifungal and antibacterial effects [5].

In spide of studies based on molecular phylogenetics of the Carlina species chosen as
study material [3,7-9] and some phylogenetic studies performed with morphologic data
[10,11], there is no molecular phylogenetic study for species found in Turkey. A study
was performed on the pollen morphologies of species found in Turkey [12]. Again, some
research used molecular data related to pollen morphology for the Asteraceae family
[13,14]. The association between C. vulgaris species and Salix repens taxon was
supported using seedlings of Salix taxon grown in humid soil, using water pools in
artificial areas on sandy hills and found that they may be suitable areas for C. vulgaris
mycorrhiza [15]. Research was performed on C. vulgaris taxa and population dynamics.
Again, apart from the study topic, there is research about the studied taxa (like flora and
biomass) in studies [16, 17].

The aim of this study is to research phylogenetic relationship of Carlina, a problematic
species in systematic terms distributed in the Mediterranean region, with close groups and
for taxa it contains. The results will contribute to morphologic differentiation of the
Carlina species within the Carlininae subtribe, compare molecular phylogeny with
traditional classifications within the sub-tribe, determine the boundaries between sub-
tribe taxa and analyze contradictions if present, and assess the status of the external group
of Cardopatium, Atractylis and Carthamus species in the Cardueae tribe.
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In this study, we will try to determine the differentiation limits of the Carlina species and
compare the adaptation of the species in Turkey with previous studies.

The study can also be considered as a data source to elucidate the place, distribution area
and status of this species in the Turkish flora.

2.Materials and methods

2.1.Plant material, DNA extraction, PCR and sequencing
The study material of Carlina L. samples was collected in the vegetation period of the
plants in the months from June-September from 2006-2010.

The collected samples were labeled, numbered and dried with herbarium techniques. Leaf
and flower portions of samples for use in molecular analyses were dried in silica gel.
Similarly, samples for the planned external groups of Atractylis cancellate, Cardopatium
corymbosum, Carthamus lanatus and Carthamus dentatus were monitored during the
flowering periods and samples were collected as herbarium material and in silica gel for
molecular analyses. Fresh plant samples were prepared as herbarium material with
standard herbarium material preparation methods. All samples were given to Balikesir
University Science-Literature Faculty Herbarium after the end of the study.

Firstly, domestic herbariums (Istanbul University Pharmacy Herbarium, Ankara
University Herbarium, Gazi University Herbarium, Hacettepe University Herbarium, Ege
University Herbarium, Ankara University Pharmacy Herbarium) were visited and
available samples were investigated. Additionally, herbariums in Vienna and Geneva
were visited. Samples collected in Turkey and neighboring countries in these herbariums
were investigated.

Analyses were performed with molecular methods on samples obtained as herbarium
material. With this aim, primarily buds, and if not present healthy and green leaves, were
used for genomic DNA isolation was performed with the phenol-chloroform-
isoamylalcohol method, as the ready-made kits prepared with this match did not give
good results [18]. Samples dried in sealed bags containing silica gel were used for
isolation. Molecular studies identified the internal transcribed spacer (ITS) and trnL-F
sequences (Table 1). ITS sequencing used the whole ITS region coding ribosomal RNA
belonging to the core genome (ITS1+5.8S rRNA coding DNA+ITS2).

With the aim of supporting these analyses, trnL-F primers were studied for chloroplast
DNA (cpDNA) sequence variations. These primers are frequently used to determine
interspecific relationships of angiosperms [19-21].

Table 1. Primers Used in PCR.

. . g Tm . .
Primer Nucleotide Sequence (5'- 3) Value Primer Designer
Forward ITS5A TCCTCCGCTTATTGATATGC 499 °C [22]
Reverse ITS4 CCTTATCATTTAGAGGAAGGAG 52.1°C [22]
Forward trnL-e GGTTCAAGTCCCTCTATCCC 51 [19]
Reverse trnF-f ATTTGAACTGGTGACACGAG 51 [19]
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For ITS primers, the stages of the PCR program thermocycler program used to proliferate
the target regions of the samples were PCR were 5 min 94 °C (denaturation), 30 s 94 °C,
30 s 53 °C (This binding temperature varied depending on the tm values of the primers
used.), 45 s 72 °C (repeated 40 times in 2", 3" and 4" steps), 10 min 72 °C and storage
at 4 °C after the procedure. For trnL-F primers, the stages of the PCR program
thermocycler program used to proliferate the target regions of the samples were PCR were
5 min 94 °C (denaturation), 45 s 94 °C, 45 s 51 °C (this binding temperature was changes
linked to the Tm values of the primers used), 2 min 72 °C (repeated 35 times in 2", 3"
and 4" steps), 10 min 72 °C and storage at 4 °C after the procedure.

PCR reactions and purification were performed in Balikesir University Basic Sciences
Research Center Laboratories (BUTAM), with services purchased for remaining
sequencing reactions and purification.

With the aim of ensuring the accuracy of these analysis results, the Sequencher program
was used to confirm the accuracy of visual DNA sequences.

The phylogenetic trees for the data of DNA sequences obtained in accordance with
parameters suitable for the commonly used Phylogenetic Analysis Using Parsimony
(PAUP) 4.0b10 phylogenetic analysis software were created [23-25].

3.Results

Phylogenetic analysis was performed, including basic principles, by bringing together
molecular systematic analyses of Carlina taxa with natural distribution in Turkey. The
trees created by the studies were interpreted by supporting the degree of relationship of
Carlina taxa with two primer sets.

Using matrices related to ITS and trnL-F, separate PAUP analyses were performed. For
the Branch- and —Bound research set, optimal criterion was parsimony (MP), addition
sequence was furthest, multrees choice was selected, initial ‘MaxTrees’ setting was 100.
If the maximum branch length was zero, branch collapse, criteria polytomies, and
topological constraints were not enforced and the tree was defined as rootless.

Bootstrap analyses presented the reliability of branches, supporting statistical analysis of
phylogenetic analysis with 1000 repeats.

Before PAUP analyses, the character-based method of parsimony criteria was used for
the heuristic search analysis and consensus trees were created. Heuristic analyses were
limited to maximum 10000 trees. To assess the branches, the tree-bisection-reconnection
(TBR) choice was chosen in the program. All character types were determined to be
unordered and equal weight. Strict consensus and bootstrap analyses were performed.
The distance-based methods of unweighted pair group method using arithmetic average
(UPGMA) and the neighbor joining (NJ) method were used.

Sequencing was performed for 15 taxa with ITS and trnL-F primers. PAUP analyses
created trees according to the heuristic search criteria performed with parsimony.
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Table 2. Situation summary of basic and aggregated datasets in Parsimony Analysis.

Datasets ITS+ trnL-F
Total characters 1337
Informative 351
Constant 728
Variable 258
Best number of trees 952
Most reliable number of trees 1
Rearragement 1709

Combined analysis using the ‘branch-and-bound’ algorithm from the MP criteria in
PAUP analysis was based on the 952 best parsimony trees. Of these, 1 provided the most
reliable tree topology (Table 2).

Combined parsimony analysis with ITS and trnL-F used a total of 1337 criteria. The
strict consensus tree determined with heuristic search may be better interpreted for
reliable differentiation of branches when discussed with bootstrap analysis. The C.
lanata, C. involucrata subsp. libanotica, C. biebersteinii, C. greaca, Carthamus lanatus,
Atractylis cancellata, Cardopatium corymbosum, and C. oligocephala subsp.
oligocephala species comprised a monophyletic group differentiated with 100% full
support from other Carlina species. Again, these species comprise with best supported
branches varying from 70-99% on the bootstrap tree. The species determined as external
group of Atractylis cancellata, Cardopatium corymbosum, Carthamus dentatus and
Carthamus lanatus, especially, were differentiated with best support on this tree.

C. corymbosa, Carlina 16509, C. subsp. libanotica, C. vulgaris, and C. intermedia
species were differentiated from other species with high reliability of 99%. These species
comprising a monophyletic group appeared to create a branch with good reliability
varying from 66-96%. These species have straw-color phyllaries, leaves on the stem are
ovate-lanceolate or linear-lanceolate with spider-web hairs, and close capitula sizes,
displaying morphologic similarities.

In addition to the maximum parsimony method, the distance-based methods of UPGMA
and NJ analyses were performed (Figure 3, Figure 4).

As C. traganthifolia species is a species only identified on islands, it could not be included
in the study. When the natural distribution areas in Turkey for the genus are examined,
it appears to spread in all regions. An attempt was made to determine the distribution
boundaries of the genus more clearly in the present day for localities of samples observed
in the visited herbariums in addition to the localities given in the flora of Turkey. The C.
oligocephala subsp. oligocephala taxa were understood to have broadest distribution.

For Carlina species, the rosette and stem leaves are important for differentiation of these
species. The lack of these features creates a problem for differentiation. The capitulum,
leaf features and hair status of the genus were reviewed. Incomplete identifications were
performed for identification of species. Tubulate flower and achene features were added
[26]. It was observed that most difficulties were experienced between the C. corymbosa,
C. graeca and C. vulgaris, C. biebersteinii species [20].
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As expected, differentiation from Carlina species was strongly supported for the external
group of Atractylis cancellata, Carthamus dentatus, Carthamus lanatus and Cardopatium
corymbosum species (Figure 2).

C. lanata, an annual pink-flowering species in the flora of Turkey, was differentiated
from Carlina species supported by molecular data. A sample collected from Kirklareli,
defined as Carlina 16509 with differences supported by molecular analyses, was
separated from Carlina species with 100% strong support on the combined tree topology
(Figure 2). More comprehensive studies should be performed in Kirklareli and
surroundings to determine the place for this sample within the genus.

When C. vulgaris, C. intermedia and C. biebersteinii are observed together, it appears
that C. vulgaris is the species with shortest rosette leaves and widest stem leaves. C.
intermedia appears to be the species with shortest capitulum among these species. C.
biebersteinii has different features from the other species with linear-lanceolate leaves.
These close similarities may have affected the overlap in the distribution areas.

When the morphologic features of C. corymbosa and C.graeca are first examined, they
appear very similar. Of these two species, C. corymbosa may be differentiated by less
divided stem leaves, clear and shorter peak thorn. Additionally, the linear-lanceolate stem
leaves of C. gaeca make differentiation easy. These close similarities were supported by
molecular analyses (Figure 2).

C. involucrata subsp. libanotica species displays close morphologic features to C.
corymbosa and C. graeca. It is differentiated by the size of the capitulum and the more
pronounced sharp thorns. This differentiation is supported by molecular data confirming
the monophyletic relationship of the species (Figure 2).
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Carlina corymbosa
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Carlina i di

Figure 2. Bootstrap Values on Branch-and-Bound 1 Tree Based on ITS and trnL-F Data
Processed Tree Topology.
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4. Discussion

In previous studies, Carlina and Atractylis were placed as a subtribe of Carlininae [2,7].
Cardopatium, placed in the Cardueae tribe, was placed as a subtribe of Carlininae [2].
These taxa are genera located in the Cardueae tribe in the flora of Turkey. Our study
supports these results, showing Carlina and Atractylis are very close species (Figure 2).
Atractylis appears to be a very close species to C. vulgaris, C. intermedia and C.
oligocephala species among Carlina species. The Cardopatium species was strongly
supported by differentiation as an external group close to Carlina species, supporting
other studies.

C. lanata, which is distinguished by being the only pink-flowered species in the flora of
Turkey, is strongly supported in its tree topology. Wahrmund placed this taxon in the
Mitina subgenus [27]. It is also included in the oligocephala subsp. oligocephala
Carlina: oligocephala subgenus, which is strongly supported and separated.

In the study, the Carlina taxa were divided into two clans. The taxa chosen as an outgroup
was strongly supported and separated from the Carlina taxon. This is in line with the
results found by Wahrmund (2010).

It was thought that the sample of C. 16509 could be described as a new species or a
variation because it differed in morphological observations and molecular analyzes.
More comprehensive studies should be performed in Kirklareli and surroundings to
determine the place for this sample within the genus. However, the new samples could
not be collected due to locality destruction. When the sampling is repeated, the location
of the taxa in Carlina will be clarified.

Contributions been made to clarifying the place, distribution area and status of these
genera in the flora of Turkey in comparison with the results obtained in this study. Itis
thought that the study will provide additional data to the close studies.

GenBank Submitter: MK238388 (Carlina vulgaris), MK238388 (Carlina oligocephala
subsp oligocephala), MK238390 (Carlina oligocephala subsp. pallescens), MK238391
(Carlina lanata), MK238392 (Carlina involucrata), MK238393 (Carlina intermedia),
MK238394 (Carlina biebersteinii), MK238395 (Carlina corymbosa), MK238396
(Carlina greaca)
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Abstract

Prevention through Design (PtD) and Design for Safety (DfS) are now being considered
in relation to occupational health and safety and building design. A recent collection of
studies suggests that certain decisions made by designers during the design process are
at the root of many risks. A study was undertaken to relate falls from height to the
conventional design process for reinforced concrete buildings. This was achieved by
dividing the building design process into stages. During the design phase, input was
gathered from architects and engineers working in the sector. Accident types were
identified based on studies of occupational accident investigation reports from the
Ministry of Labor. Of the 15 types of fall from height accidents studied, 12 were attributed
to design decisions. Of these, 6 different accident types were associated with 5 or more
design decisions, while 2 of these were associated with 3 or 4 design decisions. The
remaining 4 types were linked to only 1 design decision.

Keywords: Design Decisions, Design for Safety, Occupational Health and Safety,
Prevention through Design, Reinforced Concrete Structures.
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TOZER et al.

Betonarme yapilarda tasarim kararlar1 yiiksekten diismeyi nasil
etkiler?

Oz

Tasarim Yoluyla Onleme (PtD) ve Giivenlik icin Tasarim (DfS) artik is¢i saghg ve is
giivenligi ile bina tasarimini bir araya getiren kavramlar olarak degerlendirilmektedir.
Yakin zamanda yapilan bir dizi ¢alisma, tasarim siirecinde tasarimcilar tarafindan
verilen bazi kararlarin bir¢ok riskin temelini olusturdugunu gostermektedir. Bu
calismada betonarme binalarda yiiksekten diisme ile geleneksel tasarim siireci arasinda
iliski kurulmaya c¢alisilmaktadir. Bina tasarim siirecinin agamalara ayrilmasi ve
ardindan tasarim asamasinda, sektorde calisan mimar ve miihendislerden goriisleri
calismanin temellerini olusturmaktadir. Keza bu temele ek olarak kullanilan kaza tiirleri,
Calisma Bakanlhigi'min is kazasi inceleme raporlart temel alinarak belirlenmistir.
Incelenen 15 tiir yiiksekten diisme kazasindan 12'si tasarim kararlarina baglanmistir.
Bunlardan 6 farkh kaza tiirii 5 veya daha fazla tasarim karariyla iliskilendirilirken, 2
tanesi 3 veya 4 tasarim karariyla iligkilendirilmistir. Kalan 4 kaza tiirii ise sadece 1
tasarim kararwyla iliskilendirilmigtir.

Anahtar kelimeler: Tasarim Kararlari, Giivenlik Icin Tasarim, Is Saghgi ve Giivenligi,
Tasarim Yoluyla Onleme, Betonarme Yapilar.

1. Introduction

The construction industry poses a high risk of accidents within its work environments due
to the nature of the sector [1-5]. In numerous countries, the construction sector ranks
among the top industries in terms of fatalities, injuries, and financial losses [6-8].
Numerous studies have indicated that certain decisions made by designers during the
design process can be a source of multiple risks in the construction process [9, 10]. In
light of the occupational accidents that occur in the construction sector, it is possible to
attribute some of the hazardous environments and risks causing accidents to specific
design decisions made at the beginning of the process [11].

However, certain techniques including Prevention through Design (PtD) and Design for
Safety (DfS) have contributed towards the integration of design within the field of
Occupational Safety and Health (OSH) [12-18]. This has facilitated the elimination of
design-based risks and hazards. Nevertheless, the association between design decisions
and risk assessment should be established at the outset of the process to ensure that PtD
and OSH strategies are jointly contemplated.

This study aims to correlate design decisions with construction site risks and hazards.
Pilot building types examined were multi-story reinforced concrete buildings.
Construction techniques in Northern Cyprus and developing nations in the Middle East
were also evaluated to identify accident types. As a result of our assessment, this study
has focused on accidents involving falls from heights, which have been identified as one
of the most frequent types of accidents [19-24].
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2. Materials and methods
2.1.Data Acquisition

The literature review highlights that certain design decisions may increase the risk of
occupational accidents [25]. On the other hand, other studies suggest that incorporating
small-scale design changes into the design process can significantly reduce the number
of such accidents [26].

With the assistance of professional designer architects and engineers, the design process
has been divided into phases, taking into account these findings. An expert panel was
convened, comprising 12 architects and 8 civil engineers, with the mandate to divide the
design process into distinct phases. The experts participating in the study are all actively
working architects and engineers with 5-30 years of experience. They also have at least
one certificate related to occupational health and safety. A total of 20 studies were
eventually incorporated, drawing on the combined expertise of the panel participants. For
the composition of the panel, Turoff (1970) suggests a range of 10-50 participants, while
Adler and Ziglio (1996) recommend a smaller number of 10-15 experts for a
homogeneous group [27, 28]. It is generally acknowledged that a larger number of
members enhances the reliability of a composite judgement [29]. To ensure that panelists
possess the necessary level of expertise, they must exhibit high levels of objectivity and
rationality, have a strong track record in their field, commit to participating for the entire
program duration, and be willing to invest significant time and effort into their
involvement [14]. Moreover, the panel members' level of expertise is a vital
consideration. Expertise in building safety, construction, and design was deemed
necessary for this study. Furthermore, all panel members were educated on health and
safety practices in the construction industry and the restoration of industrial heritage.
Rule-based data creation requires inputting material data and corresponding work items
into the model. The variables being evaluated are the material type, which pertains to
whether the factory roof requires removal or replacement and is brittle in nature; the
material location that includes its position on the site and altitude; and the associated risks
and work item, namely the brittle material and the hazard of falling from a height with
the possibility of the roof light breaking. As a result of these efforts, the design process
was successfully structured into distinct phases.

The study identified the types of accidents that occur in multi-storey reinforced concrete
buildings in developing countries. A total of 793 occupational accidents in the
construction sector, which occurred between 1994 and 2014 in the northern part of
Cyprus, were analyzed in order to identify related accidents. The analysis followed a
logical flow of information with causal links between statements and the language used
was clear, objective and value neutral. Accident records were obtained from the
Occupational Accident Investigation Archive of the Ministry of Labour and Social
Security, which is responsible for occupational safety and health in the country.
Information from the studies by Tozer [11] and Tozer et al [26] was also used.

In the final stage of the study, the design phases that emerged from the expert panel's
practice were linked to accident types. The study examined the relationship between
design decisions and accident types and convened a panel of 10 OSH experts to analyze
the design process phases and their correlation with accident types from the outset. The
study examined the relationship between design decisions and accident types and
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convened a panel of 10 OSH experts to analyze the design process phases and their
correlation with accident types from the outset. The study aimed to determine whether
there was a causal relationship between the matched design phases and accident types.

2.2.Methodology

The process of dividing the design process into phases began with a review of the
literature. Expert opinions were sought to ensure correct division. The expert panel was
made up of 12 architects and 8 engineers. Prior to the panel, the invited experts were
asked to conduct a comprehensive literature review on the design process. The authors
also conducted a literature review. During the panel, each designer was asked to explain
their respective design process while the other participants listened and evaluated. The
results of the study are presented in the results section.

During the three-day panel session, which totaled eight hours, the designers were
instructed to work collaboratively, explore implications, and precisely define each phase
of the design process. Subsequently, records of occupational accidents in the building
industry were scrutinized to determine design decision-related incidents. First, 793
occupational accidents at the construction site were classified according to the
International Code of Disease, ICD-10 format. However, as the same classification had
already been conducted for these accidents in a previous study by Tozer et al. using a
similar method, we decided to utilize the findings of that study after reviewing it. The
results section presents the findings of the classification process, which identified the
most widespread accident types.

Within the scope of this study, 10 experts participated to an expert panel. The panel aimed
to determine whether each accident type could be associated with design decisions,
drawing on the OSH experts' experiences. Each accident type was examined for its
associated risks and the sources of these risks. Based on this assessment, the type of
accident that is associated with design decisions was identified as a source of design-
related accidents. The results of this analysis are presented in the results section. The steps
followed to complete the study are outlined in Figure 1.

Aligning
— height-related
Dividing the design . Investigation of accidents fall accidents
process into phases in the building industry with the
corresponding
design
d o decisions.
*Classification of 793
occupational accidents * Experts matching
Expert panel (total of 3 according to the accident types and
days of interviews, International Code of design phases.
consisting of eight hours Disease. « Determination of the
of work per day) « Determination of the three most important
most frequent type of design phases that
accidents (falls from consider to be related to
heights). accident type by
« Categorization of fall experts.

accidents according to
their sub-types.

Figure 1. Flowchart of the applied methodology.

263



BAUN Fen Bil. Enst. Dergisi, 26(1), 260-271, (2024)

3. Results

Firstly, the design process is divided into phases, as shown in Table 1, resulting from the
collaboration of 20 professional designers. The views of designers were gathered through
a three-day series of interviews, with each day consisting of eight hours of work.
Brainstorming was employed in the study. As a result, the process consists of four main
components, as shown in the left-hand column of the table, which were identified by the
panelists as Site Selection and Preliminary Survey, Determining Requirements, Plan and
Section Settlement, and Material Selection. Names are assigned on the basis of the issue
or decision that the designer is focused on making during that phase. The right-hand
column of Table 1 divides the four main sections into sub-sections in a detailed and
orderly manner.

Table 1. Phases of Design Process [26].

Main Sections of Design Process Sub-Sections of Design Process

Site Selection and Preliminary 1-Construction Site Selection

Survey 2-Survey of Physical & Geographic Conditions
3-Survey of Public Work (Zoning) Regulations

Determination of Requirements 4-Ground Floor Area and Total Area Definition

5-Definition of Number of Stories

6-Definition of Settlement in the Lot

Plan and Section Settlement 7-ldentification of Space Requirement

8-ldentification of Facades and Openings

9-ldentification of Level Dynamism

10-ldentification of other Details

Material Selection 11-Material Selection of Structural Elements

12-Wall Material Selection

13-Material Selection of Mechanical Systems

14-Material Selection of Electrical Systems

15-Floor Covering Material Selection

16-Material Selection for Siding

17-Material Selection for the Roof

Initially, 793 occupational accidents were classified according to the ICD codes. Then,
each code's accidents were separated into fatal and non-fatal incidents. According to
occupational accident records, the most frequent type of accident resulting in death,
injury, and loss of workdays was falls from heights, which occurred in both fatal and non-
fatal cases (Table 2). The research conducted by Tozer et al. [26] and Tozer [11] has been
utilized to determine the most frequent type of accidents, which is falls from heights.
Furthermore, Tozer et al. [26] and Tozer [11] further classified these falls into sub-groups.
The research conducted by Tozer et al. [26] and T6zer [11] has been utilized to determine
the most frequent type of accidents, which is falls from heights.

Table 2. Type of Construction accidents with ICD-10 Codes [11,26].

Causes of Accidents ICD-10 Fatal Non-Fatal Total

Codes No. % No. % No. %
Building & Construction Collapse W20 2 4.76 4 0.5 6 0.757
Cave-in W20 1 2.38 5 0.7 6 0.757
Contact with Chemical T52-T59 0 4 0.5 4 0.504
Substances
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Contact with heat or hot X10-X19 0 23 3.2 23 2.9

substances

Crashed, Jammed in or Between W23 3 7.15 84 11 87 10.97

Objects

Explosives W36-W40 0 6 0.9 6 0.757

Exposure to Electric W85, W86 10 23.8 9 13 19 2.396

Fall on Same Level W1, W3, 0 62 8.3 62 7.818
W10

Falling Objects W20 2 4.76 57 7.7 59 7.44

Falls W12, W13 21 50 278 37 299 37.7

Sharp Object Injury W25-W29 0 63 8.5 63  7.945

Striking against or struck by w22 0 8 1.1 8 1.009

objects

Struck by thrown, projected W20 0 86 11 86 10.84

object

Traffic Accident V00-V60 3 7.15 54 7.2 57 7.188

Unknown 0 8 1.1 8 1.009

Total 42 100 751 100 793 100

While T6zer and colleagues [26] and Tozer [11] have categorized fall accidents according
to their sub-types, Table 3 illustrates their classification into three main categories: fall
from Scaffold, fall from Structural Elements, and Other Type of Falls, based on their
respective workplace environments. Each sub-group is then internally detailed. The
respective types of falls are analyzed from the perspective of their fatal and non-fatal
outcomes.

Table 3. Detailed analysis of falls [11,26].

Type of Falls (W12, W13) Fatal Non- Total
Fatal

Falls from scaffolds

1- Scaffold giving in-breaking-falling 3 24 27
2- On the scaffold (stepping on air) 1 9 10
3- On the scaffold (while going up-down) 0 7 7
4- On the scaffold (setting up-dismantling) 0 5 5
5- On the scaffold (slipping, loss of balance etc.) 1 36 37
Sub. Total 5 81 86
Falls from structural elements
6- Falls from structural element (from threshold) 3 28 31
7- Falls from structural element (from the roof) 0 10 10
8- Falls from structural element (flight of stairs) 1 6 7
9- Falling through opening on the floor 2 7 9
10- Falls from structural element giving in 1 1 2
Sub. Total 7 52 59
Other type of falls
11- From the moulding system 2 18 20
12- Moving ladder 4 54 58
13- Into a canal, hole etc. 0 13 13
14- From a vehicle, machine 2 35 37
15- Going up on unsuitable object 1 14 15
Other 0 11 11
Sub. Total 9 145 154
Total 21 278 299

The objective of this study's final segment was to align height-related fall accidents with
the corresponding design decisions listed at each phase. Amongst the 15 identified types
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of fall accidents, 12 were linked to specific design choices based on the expertise of OSH
professionals, while for 3 accident types, no design phase association was found (Table
4. The outcomes obtained from the association activities, specifically the link between
design phases (and consequently, the design choices made in these phases) and different
types of accidents, are extensively presented in detail in Table 4 and Figure 2. Table 4
and Figure 1 present the stages of the design process and fall type accidents paired by the
experts. Table 4 shows how the experts associate design phases with types of accidents,
without frequency information. In Figure 2, the three most important design phases that
experts consider to be related to accident type are presented diagrammatically.

Table 4. Association of design phases (and hence the design decisions in the phases)
with the types of accidents.

Type of Accident (type of Fall)

Design Stages (Related
with Design Decisions) *

Scaffold giving in — breaking - falling

5,8,11,12, 16, 17

Stepping on air (on scaffold)

5,8,11,12, 16, 17

Going up — down (on scaffold) 5,12, 16,17
Setting up — dismantling (Scaffold) 5,8,11,12, 16,17
Slipping — loss of balance etc. (on scaffold) 5,8, 11,12, 16, 17
Fall from threshold 5,8,9, 11, 12, 17
Fall from the roof 10, 11, 17

Fall from the flight of stairs 10,

Fall through the opening on floor 10

Fall from the structural element (Giving-in) 11

Fall from the moulding system 11

Fall from moving ladder 13, 14, 16, 17

Into a canal, hole etc.

From a vehicle, machine

Going up on unsuitable object

* Number explanations are presented in table 1.

ey

=] Construction Site Selection J0)
w
= [Burv ey of Physical & Geographic Conditons|(0)
]

and

E |Sunr ey of PublicWork (Zoning) Regulafions’ |(0)

Site Selection

Ground floor Area & Total Area Definton (0)]

Definition of nUMber of stories  (6) =

Determination
o
Requirements  Prel|

efinfion of setdement in the parcel (0)

[ Identification of space requirement  (0)]
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| Identfication of level dynamism (n
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| Identification of other details (3) =

Plan and Section

| Matenal selection for Structural Elements(9)=3
[ Wall M aterials Selection [GRg

| Material selection for Mechanical Sys. (1)

| M aterial selection for Eleckrical Systems (1)
| Floor Covenng Matenal Selection  (0) |

M aterial Selection

| Material selection for Siding (6)
| M aterial selection for the Roof (8)

»| (6) Scaffold giving in - breaking - falling |

//_>](6)  Stepping on air on scaffold |

/s (6) Going up - down (on Scaffold) |

S = {6) Setting up - dismantling {Scaffold) |

3) Fall from the roof |

7
¥ Z =) Fall from treshold |

(1) Fall from the flight of siairs |

(1) Fall down through the opening on floor |

((1)Fall from a structral element{giving-in) |

——14) Fall from moving ladder |

(1) Fallfrom the moulding sy stem.

|[OJ Fallinto a chanal, hole etc.

|
|
[(0) Fallfrom a vehicle, machine etc. |
|

|(0) Fall dawn from an unsuitable object

Figure 2. Diagram showing the association of design phases (and hence the design
decisions in these phases) with the types of accidents.
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When experts were asked to match 15 accident types with the design criteria, they were
requested to select the top 5 choices. The choices were numbered 1 through 5
respectively, and the experts wrote down the ones they deemed most crucial as number
1. Therefore, opinions were gathered from specialists, with a few preferring to associate
four design criteria. Through analyzing Table 5, it has been predicted which design
decisions concerning falls from height are of greater or lesser importance. It has been
observed that design criteria numbered 5 (Definition of Number of Stories) and 8
(Identification of Facades and Openings) are prominent, while design criteria numbered
11 (Material Selection of Structural Elements) and 17 (Material Selection for the Roof)
are frequently influential. The distribution of other design criteria in order of importance
is presented in Table 6.

Table 5. Association of matrix of accident type and design criteria according to expert

opinions
Z;’ﬁf of EI* E2 E3 E4 E5 E6 E7 E8 E9 EI0
1 5(1) 8(2) 12(5) 16 (4) 17(2) 11(2)
2 11(3) 5(1) 17(2) 16(4) 8(1) 12 (4)
3 5 (1) 12 (3) 16 (3) 17(2)
4 5(1) 8(1) 11(4) 12(5) 16(3) 17(1)
5 8(2) 11(3) 12(3) 16 (4) 17(2) 5 (1)
6 9 (5) 11(2) 5(2) 8(1) 17(3) 12 (4)
7 17 (4) 11(2) 10 (4)
8 10 (5)
9 10 (4)
10 11 (3)
11 11(1)
12 13 (4) 17 (3) 16 (3) 14 (3)
13
14
15

*The type of accident to which the numbering corresponds is available in table 3.
**E (Expert).

Tablo 6. Distribution of design criteria in order of importance (1 to 5)
Sub-Sections of Design Process 1 2 3 4 5
5-Definition of Number of Stories XXXXX | X
8-ldentification of Facades and Openings XXX XX
9-ldentification of Level Dynamism X
10-ldentification of other Details XX X
11-Material Selection of Structural
Elements
12-Wall Material Selection XX XX XX
13-Material Selection of Mechanical
Systems
14-Material Selection of Electrical
Systems
16-Material Selection for Siding XXX XXX
17-Material Selection for the Roof X XXXX XX X

X XXX XXX X
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4. Discussion

The following information was presented in the results section. When examining the
types of falls classified under the category "Type of fall', six different design decisions
were associated with falls on scaffolding. These types of falls included 'Scaffolding
giving way - breaking - falling’, 'Stepping on air (on scaffolding)’, 'Going up - going down
(on scaffolding)’, 'Setting up - dismantling (scaffolding)', 'Slipping - loss of balance etc.
(on scaffolding)'. Abbreviations of technical terms are explained the first time they are
used. The accident type 'Fall from height', in particular the subtype 'Fall from sill', was
found to be associated with five different design decisions. On the other hand, the accident
type "fall from a moving ladder" was associated with three different design decisions, and
"fall from a staircase"”, "fall through an opening in the floor", "fall from a structural
element” and "fall from a moulding™ were each associated with one design decision.
Finally, accidents such as ‘falling into channels, holes, etc.', ‘falling from a vehicle' and
‘falling from an unsuitable object' were not associated with any design decision.

However, accidents involving falls from heights were associated with the design phases
listed. Out of fifteen different types of falls, twelve (80%) were associated with at least
one design decision, while the other three (20%) had no connection to any design
decisions.

Analysis of the findings shows that the decisions made during the "Material selection for
structural elements"” phase of the design process were linked to nine different types of
accidents. Additionally, the decisions made during the "Material selection for the roof"
phase of the design process were linked to eight different types of accidents. In contrast,
the decisions made during the "Definition of number of storeys”, "ldentification of
facades and openings”, "Wall material selection"”, and "Material selection for siding"
design phases were linked to 6 distinct types of accidents. This is opposed to the decisions
made during the "Identification of other details" phase, which were associated with only
3 accident types. The decisions made during the 'ldentification of floor level dynamism’,
'‘Material Selection for mechanical systems' and 'Material Selection for electrical systems'
stages of the design process were exclusively linked to a single type of accident. Where
the decisions made during the phases of "Construction Site Selection,” "Survey of
Physical & Geographic Conditions," "Survey of Public Work (Zoning) Regulations,"
"Ground Floor Area and Total Area Definition," "Definition of Settlement in the Lot,"
"Identification of Space Requirement,” and "Floor Covering Material Selection” did not
result in any accidents.

Therefore, when the design process is divided into 17 phases, out of the total of 17 design
phases (referring to design decisions made in these phases), 10 (58.82%) were linked to
at least one type of accident, while 7 (41.18%) were not associated with any design
decisions (thus with any design decision). After evaluating the relative significance of the
different design criteria, it is clear that the two most important design criteria are number
8 (identification of facades and openings) and number 5 (definition of number of storeys).
Furthermore, design criteria number 11 (choosing the materials for structural elements)
and number 17 (choosing the materials for the roof) are often important.
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5. Conclusions

Due to the high rate of injuries and fatalities in the construction industry, it is imperative
that all stakeholders, including owners, designers, contractors, subcontractors and
suppliers, work together to reduce these figures. It is also important to recognize that
preventive measures aimed at reducing injuries have an impact not only on workers but
also on other stakeholders. The list of basic objectives for a construction project, which
currently includes low cost, high quality and fast delivery, should be extended to include
a reduced accident rate. Without exception, designers recognize that their decisions have
an impact on the cost, quality and schedule of the project.

This article poses an elementary question to designers: shouldn't they also acknowledge
that their design choices have an impact on the intrinsic hazard to the workers undertaking
the project? A sustainable building project must not harm the environment during its
construction and must be socially acceptable to avoid harm or injustice to any group.
General contractors and subcontractors carrying out their work have practical reasons as
well as moral obligations to support DfS. Reducing the possibility of construction
accidents, which can cause delays in project completion, is beneficial to all owners. In
particular, members of design-build teams should benefit financially from reduced
construction accidents. In addition, lower workers' compensation insurance rates and
increased project productivity are results of such measures. The aim of this study is to
improve cooperation between structural engineers, site engineers and architects in order
to minimize the impact of construction accidents.

In future studies, it is aimed to determine the importance levels of the decisions made
using design decisions and the relationship levels of the design stages matched with fall
from height accidents.

References

[1] Akboga, O., Baradan, S., Investigating the Characteristics of Fatal Construction

Injuries in Izmir, Turkey using Descriptive Statistics. Journal of
Multidisciplinary Engineering Science and Technology. 2(9), 2475-2483,
(2015).

[2] Akboga Kale, O., Characteristic analysis and prevention strategy of trench
collapse accidents in the U.S., 1995-2020. Revista de la Construcciéon. Journal
of Construction, 20(3), 617-628, (2021).

[3] Yilmaz G. K., Basaga H. B., Assessment of occupational accidents in construction
sector: A case study in Turkey, Journal of Construction Engineering,
Management & Innovation. 1(2), 95-107, (2018).

[4] Akboga Kale, O., Eskisar, T., Journal of Multidisciplinary Engineering Science
and Technology. Industrial Health. 54, 394-406, (2018).

[5] Tozer K. D., Giircanli, G. E., and Yarkiner Z., Analysis of workday losses due to
falls from scaffoldings in the construction industry, Journal of Construction
Engineering, Management & Innovation. 5(1):15-27., (2022)

[6] Zeng, S.X., Vivian, W.Y., Tam, C.M., Towards occupational health and safety
systems in the construction industry of China. Safety Science, 46, 1155-1168,
(2008).

269



[7]

[8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]
[22]

[23]

BAUN Fen Bil. Enst. Dergisi, 26(1), 260-271, (2024)

Fass, S., Yousef, R., Liginlal, D., Vyas, P., Understanding causes of fall and
struck-by incidents: What differentiates construction safety in the Arabian Gulf
region?, Applied Ergonomics, 58, 515-526., (2017).

Spangenberg, S., Baarts, C., Dyreborg, J., Jensen, L., Kines, P., Mikkelsen, K.L.
Factors contributing to the differences in work related injury rates between Danish
and Swedish construction workers. Safety Science 41, 517-530., (2003).
Gambatese, J. A., Research Issues in Prevention through Design. Journal of
Safety Research, Special Issue on Prevention through Design. Elsevier and the
National Safety Council, 39(2), 153-156, (2008).

Gambatese, J. A., Hinze, J. & Haas, C., Tool to design for construction worker
safety. Journal of Architectural Engineering. 3(1), 32-41, (1197).

Tozer K. D., Using B.I.M. in Design Stage of Construction Projects to Minimise
Health and Safety Risks: Proposing a Model for Application of B.1.M. in P.t.D.
(PhD. Thesis). Department of Civil Engineering. Eastern Mediterranean
University.(2018).

Gambatese, J. A., Liability in designing for construction worker safety. J. of
Arch. Eng. ASCE. 4 (3), 107-112, (1998).

Gambatese, J. A., An Overview of Design-for-Safety Tools and Technologies.
Proceedings of the Designing for Safety and Health in Construction Research
and Practice Symposium. Eugene, OR: University of Oregon Press, 109 — 117,
(2004).

Gambatese, J. A. Behm, M. & Rajendran, S., Design’s role in construction
accident causality and prevention: Perspectives from an expert panel. Safety
Science. 46 (4), 675-691, (2008).

Gambatese, J. A., Behm, M. & Hinze, J., Engineering Mandates Stipulated in
OSHA Regulations. Proceedings of the 2003 Construction Research Congress,
sponsored by ASCE, Honolulu, HI. (2003).

Gambatese, J. A., Hinze, J. & Behm, M., Viability of designing for construction
worker safety. Journal of Construction Engineering and Management, ASCE.
131 (9), 1029- 1036, (2005).

Goldswain G, Smallwood J., Mitigating construction health, safety, and
ergonomic risks: perceptions of architectural design professionals. TG59 People
in Construction Conference Proceedings, 12-14 July 2009, Port Elizabeth,
South Africa., (2009).

Mhando Y. B., Factors of inefficient use of personal protective equipment: A
survey of construction workers at Arusha urban in Tanzania. Journal of
Construction Engineering, Management & Innovation. 4(1), 001-011, (2021)
Chi, C.F., Chang, T.C., Ting, H.I. Accident patterns and prevention measures for
fatal occupational falls in the construction industry. Applied Ergonomics, 36 (4);
391-400, (2005).

Kemmlert, K., Lundholm, L. Slips, trips and falls in different work groups—with
reference to age and from a preventive perspective. Applied Ergonomics, 32(2),
149- 153, (2001).

Ore, T., Stout, N. Traumatic occupational fatalities in the US and Australian
construction industries. Am J Ind Med 30, 202-206, (1996).

Hinze, J., Pedersen, C., Fredley, J. Identifying root causes of construction injuries.
Journal of Construction Engineering and Management, 124(1), 67-71, (1998).
Jackson, S.A., Loomis, D. Fatal Occupational Injuries in the North Carolina
Construction Industry, 1978-1994. Applied Occup Environ Hyg 17, 27-33,
(2002).

270



[24]

[25]

[26]

[27]

[28]

[29]

TOZER et al.

Fabrega, V., Stakey, S. Fatal Occupational Injuries among Hispanic Construction
Workers of Texas, 1997 to 1999. Human and Ecological Risk Assessment, 7,
1869- 1883, (2001).

Gambatese, J. A. & Rajendran, S., Sustainable Construction Safety and Health
Rating System - A Feasibility Study. Proceedings of the 2007 ASCE
Construction Research Congress, ASCE. Grand Bahama Island, Bahamas,
(2007).

Tozer K. D., Celik, T. and Gurcanli G. E., Classification of Construction
Accidents in Northern Cyprus, Teknik Dergi, 2018 8295-8316, Paper 500.
(2018).

Turoff, M., The design of a policy Delphi. Technological forecasting and social
change, 2(2), 149-171, (1970).

Adler, M., & Ziglio, E., Gazing into the oracle: The Delphi method and its
application to social policy and public health. Jessica Kingsley Publishers.
(1996).

Murphy, M. K., Black, N. A., Lamping, D. L., McKee, C. M., Sanderson, C. F.,
Askham, J., & Marteau, T., Consensus development methods, and their use in
clinical guideline development. Health Technology Assessment (Winchester,
England), 2(3), i-88. (1998).

271



Arastirma Makalesi BAUN Fen Bil. Enst. Dergisi, 26(1), 272-278, (2024)
DOI:10.25092/baunfbed. 1332488 J. BAUN Inst. Sci. Technol., 26(1), 272-278, (2024)

Bases of fixed point subalgebras on nilpotent
Leibniz algebras

Zeynep OZKURT*"

Cukurova University, Arts and Science Faculty, Department of Mathematics, Adana, Turkey

Gelis Tarihi (Received Date): 25.07.2023
Kabul Tarihi (Accepted Date): 31.12.2023

Abstract

Let K be a field of characteristic zero, X = {x; x,,...,x,} and R, = {ry ,...,1,} be
two sets of variables, F be the free left nitpotent Leibniz algebra generated by X, and
K[R,, ] be the commutative polynomial algebra generated by R,,, over the base field K.
The fixed point subalgebra of an automorphism ¢ is the subalgebra of F consisting of
elements that are invariant under the automorphism. In this work, we consider specific
automorphisms of F and determine the fixed point subalgebras of these automorphisms.
Then, we find bases of these fixed point subalgebras. In addition, we get generators of
these subalgebras as a free K[R,,, | -module.

Keywords: Nilpotent Leibniz algebras, fixed point, automorphism.

Nilpotent Leibniz cebirlerinde sabit nokta altcebirlerinin bazlar

Oz

K karakteristigi 0 olan bir cisim, X = {x; X3, ...,xXp} V& Ry ={ry,...,"n} iki
degiskenler kiimesi, F, K cismi tizerinde X tarafindan iiretilen bir serbest sol nilpotent
Leibniz cebiri ve K[R,,], K cismi tizerinde R,, tarafindan iiretilen komutatif
polinomlar cebiri olsunlar. F nin bir ¢ otomorfizminin sabit nokta altcebiri, F nin bu
otomorfizm altinda invaryant kalan elemanlarini iceren altcebiridir. Bu ¢alismada F nin
bazi ozel otomorfizmleri ele alinarak bu otomorfizmlerin sabit nokta altcebirleri
belirlenmistir. Sonra, bu sabit nokta altcebirlerinin baz kiimeleri elde edilmistir. Daha
sonra bu altcebirlerin serbest K[R,,, |-modiilii olarak iirete¢leri verilmistir.

Anahtar kelimeler: Nilpotent Leibniz cebirleri, sabit nokta, otomorfizm
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1. Introduction

The problem of determining the fixed points of endomorphisms on free Leibniz algebras
is a significant topic in the theory of Leibniz algebras. Leibniz algebras were first
introduced by Bloh [1], in 1965, and later rediscovered by Loday and Pirashvili in 1993
[2, 3]. These algebras provide a non-antisymmetric generalization of Lie algebras, and
their applications are given in various papers. Mikhalev and Umirbaev worked on
subalgebras of free Leibniz algebras [4]. Drensky and Cattaneo in their work from 1993,
described the free nilpotent Leibniz algebras of class 2 [5]. Additionally, Abanina and
Mishchenko investigated the variety of left nilpotent Leibniz algebras of class 3 defined
by the polynomial identity [x1,[x2,[x3,x4]]]=0 [6]. On the relatively free Leibniz algebras,
for more details see the works [7-11]. In [12], Drensky and Papistas obtained a generating
set of the automorphism group of free nilpotent Leibniz algebras and they show that the
fixed points subalgebra is not finitely generated. The earlier work on fixed points in free
algebras has been obtained by Formanek [13]. Bryant and Drensky have made notable
contributions to understanding the fixed point subalgebras of finite groups acting on free
Lie algebras in [14, 15], respectively. They established that under certain assumptions,
the fixed point subalgebra of a free Lie algebra of finite rank n( withn = 2) is not
finitely generated. In [16], Bryant and Papistas extended these results, expanding our
understanding of fixed points in free Lie algebras. In [17], Ekici and Parlak S6nmez
applied the problem to fixed points subalgebras for a single endomorphism of free
metabelian Lie algebras. The fixed point subalgebra of a single endomorphism ¢ consists
of elements that remain unchanged under ¢, i.e., ¢(x) = x for all x in the subalgebra.

Let F be a free left nilpotent Leibniz algebra generated by a finite set {x; x,,...,x,}and
K[R;, ], be the polynomial algebra generated by a set R,,, = {ry ,...,1;,} over the field
K of characteristic zero. In this work, we focus on fixed point subalgebras of a single
automorphism of the free left nilpotent Leibniz algebra F. First, we determine the fixed
point subalgebras under certain automorphisms of F. Then, we find the bases of these
fixed point subalgebras. At the end, we give the free generating sets of these subalgebras
as a K[R,, ]-module.

2. Preliminaries

A Leibniz algebra Lover a field K is a non-associative algebra equipped with a bracket
operation [, ]: L X L — L that satisfies the Leibniz identity

[x, [ny]] = [[x’}’]'z] - [[x, Z]'y]

for all elements x, y, z in L. If we further impose the condition [x,x] = 0 forall x €
L the Leibniz identity becomes equivalent to the Jacobi identity, which is a fundamental
property of Lie algebras y; (L) = [L, L] is the derived subalgebra of L. Denote by Ann(L)
the ideal of L generated by elements {[a,a]:a € L}. The factor algebra L;;, =
L/Ann(L) then becomes a Lie algebra. In particular, it is known that r, = 0 if and only
if abelongs to Ann(L) (see [3]). The Leibniz identity enables us to express any
commutator as a linear combination of left-normed commutators. We introduce the
notation

[x1, x2] = x17,
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[[xl, ...,xn_l],xn] = [X1, eoor X1, Xn] = [X1, X2]1374 .. 1y

where r; represents the adjoint operator adx; acting from the right by commutator
multiplication. By utilizing these notations, we can simplify the representation of
commutators and express them in terms of left-normed commutators. This reduction
allows us to study the properties and relationships within the Leibniz algebra more
effectively.

Let F, be the free Leibniz algebra of rank m over a field K of characteristic O freely
generated by the set {x; x,,...,x,}, where m > 2. Loday and Pirashvili described the
structure and properties of free Leibniz algebras in 1993 [3]. Let N be a variety of Leibniz
algebras defined by the identity of left nilpotency [x,[y,z]] = 0. The left nilpotency
polynomial identity is equivalent to [x,y,z] = [x,z,y]. We consider the relatively free
Leibniz algebra in the variety N, denoting this algebra as F,,(N). E,(N) isa free left

nilpotent Leibniz algebra of class two with finite rank m. Clearly F,,(N) = yf’; x where
2U'm

Y2(Fy) = [F, [F, F]]- The elements of the free Leibniz algebra F, and their
corresponding images in F,(N) are represented using the same letters. The Leibniz
identity together with the left nilpotent identity implies that

[xl-l,xl-z ...,xik] = [xil,xia(z) ""xia(k)]

where o is a permutation of 2, ..., k. Hence the commutative polynomial algebra
K[R, 1 =K][r,..,1,] acts on F,(N) asaright module by the rule

ax; = [a, x;],

where a € E,(N). Denote by Q,,, the augmentation ideal of K[R,,, ] that consists of all
polynomials without constant term. In [5], Drensky and Piacentini Cattaneo described
the structure of FE,(N) and they give a basis of F,,(N),

fi, [xip X ] 1< <m 1<, << i <mk=23.}

In [12], Drensky and Papistas obtained a generating set of the automorphism group of
E,(N). Then, they showed that the fixed points subalgebra

E,(N)S ={veE,(N):glv) =v forallg €5}

is not finitely generated, where S is an arbitrary nontrivial finite subgroup of the
automorphism group of  F,(N). Certain findings concerning fixed points of a finite
group of automorphisms can be applied to the context of fixed points for individual
endomorphisms. The fixed point subalgebra of an endomorphism ¢ as the set of elements
in  F,(N) that remain unchanged under the action of ¢ which is defined by

Fixp = {v € E,(N): p(v) = v}

Anelement v of E,(N) iscalleda fixed pointof ¢ if ¢(v) =v. The trivial fixed
point is always present, represented by the element 0 in  F,,(N). This is because for
any endomorphism ¢, we have ¢(0) = 0. In the present article, we obtain the basis of
non-trivial fixed point subalgebras of some automorphisms of F,,(N) for finite rank.

274



OZKURT Z.

3. Results and discussion

In this section, we determine the basis of the fixed point subalgebras for specific
endomorphisms of FE, (N). We apply the condition ¢(v) = v to each element v of
E,(N) and get some equations. By solving these equations, we determine the
coefficients or representations of the basis elements that remain fixed under the
endomorphisms.

Theorem 3.1. Let ¢ be an endomorphism of F,(N) defined by

X1 X +u
xi—>xi,i¢1

@ :
where 0 # u € y;(E,(N)). Then, the subalgebra Fix¢ has a basis
{xil, [xl-l, ...,xl-k] 12<i;<Sm,1<i, < <ip<mk=23,..}
as a K-space.

Proof. Let v € Fix¢. Then

v=Ytax + Xt x wi(Ry),

where a; € Kand w;(R,,,) belongs to the augmentation ideal Q,,, of K[R,, |,
i=1,..,m. Then

m m
P) = D axi+ aru+ D xiwi(Ryn) +uwy (Ryn)

i=1 i=1

=v+ u(a1 + wl(Rm))

Hence a; = w,(R,,,) = 0, which completes the proof.
Corollary 3.2. The subalgebra Fix¢ is the free right K[R,, ]-module of rank m — 1
with the generators x,, ..., X,,.
Proof. By Theorem 3.1, the subalgebra Fix¢ has a basis
i, %1, T2 < =m1<i; < S < mk=23,..}
Hence, Fix¢ isgenerated by {x; : 2 < i; < mj} as a free right K[R,, ]-module.
In the following corollary, we give fixed point subalgebra of a non-tame automorphism
as an application of Theorem 3.1 for rank two. This automorphism is an element of free

generating set of automorphism group of F,(N)  that was defined by Drensky and
Papistas [12].
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Corollary 3.3. Let ¢ be an automorphism of F,(N) defined by

L X 2 xg + [xq,x7]
T Xy O Xy

Then, the subalgebra Fix¢ has a basis
{x2 [xz,xl-1 ...,xik] 1< << i <2}
as a K-space.
Theorem 3.4. Let = be an inner automorphism of  F,(N) defined by
Tox; o x+uxli=1,..,m
where 0 # u € y,(F,(N)). Then the subalgebra Fixt has a basis
{[xi %] — [xj,xl-]: 1<i<jsml<i<ip<-<ip<m}
Proof. Let v € Fixt. Then

m m
v = z a; x; + zxi w;(R;,)

i=1 i=1

where a; € K and w;(R,,) belongs to the augmentation ideal Q,, of K[R,, |,
i=12,..,m. Then

m
t(v) =v+ uz ri(a; + wi(Ry)).
i=1
Hence a; = @, = - = a,,, = 0 and X [%, ;w;(R,,) = 0. The polynomial w;(R,,)

cannot depend on r; only. Hence every monomial in 1%, r;w;(R,,) depends on at
least two variables. The vector space of m-tuples (r,w;(Ry.), o) Wi (R;)) such
that moriwi(Ry) =0 is spanned by m-tuples of
monomials (B1v(Rp.), -, BmV(Ry)) Where Y}, B; =0 and B; =0 if r, does
not participate in v(R,,,). Such m-tuples are linear combinations of

(0, ...,0, rier(Rm), o,..,0, —rjriw(Rm), 0,..,0)

when  v(R,,) = rir;w(R,,) for some monomial w(R,,). Every such m-tuple
corresponds to the element of the derived subalgebra y; (F,, (N)) is

([xi, %] = [, X Dw (Ry).
Then, these elements span Fixt. Fori <j < k, we obtain

(xjr xi] = %0, x5 D1 = ([ i ] = [ i D1y — (x5, %3] — [%5, X D7k
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Therefore, we omit the generators

([xj, x1] = [ 5 DW (R,

where w(R,,,) consists of the elementsr; for i < j < k. Hence the basis of Fixt is
{[xi %] — [xj,xl-]: 1<i<jsml1<i<iy < <Zip<m}

Corollary 3.5. The subalgebra Fixt is the free right K[R,, ]-module with the
generators

{[xl-,xj] — [xj,xi]: 1<i<j< m},
Proof. By Theorem 3.4, the subalgebra Fixt has a basis
{([xi,xj] — [xj,xi])ril Tl Si<jsSml<is<ip< S < m}.

Hence, Fixt is generated by  {[x; x;] =[x, x]: 1 <i<j<m } as a free right
K[R,, ]-module.
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Abstract:

The phenolic compounds in jujube (Ziziphus jujuba Mill) leaf were extracted using
ultrasound assisted extraction (UAE) for potential of antioxidant food additive in this
study. The extraction factors such as methanol concentration, temperature and time were
optimized using response surface methodology (RSM) to maximize of the total phenolic
content (TPC), 2,2 -diphenyl-1-picrylhydrazyl (DPPH) scavenging activity and phenolic
profile in jujube leaf extracts (JE). The best possible range for methanol concentration
(25-50%), duration of ultrasound (20-40 min), ultrasonic temperature (40—-60 °C) were
obtained using the Box-Behnken design (BBD). The optimum extraction parameters were
obtained with 25% methanol concentration, 20 min duration of ultrasound and 49.89 °C
ultrasonic temperature. Ellagic, caffeic, rosmarinic acid, and rutin were determined as
major phenolics in JE under optimal extraction parameters. The results revealed that
UAE is an effective pretreatment for extracting bioactive ingredients from JE as potential
functional food additive. Furthermore, RSM is an effective method for optimizing the UAE
factors.

Keywords: Ultrasound assisted extraction, response surface methodology, zizyphus
zizyphus, antioxidant capacity, phenolic compounds.
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Yanit yiizey yontemi kullanilarak Ziziphus jujube Mill
yapraklarindan fenolik bilesenlerin ultrason destekli
ekstraksiyonunun optimizasyonu

Ozet

Bu ¢alismada potansiyel gida katkisi olabilecek hiinnap (Ziziphus jujuba Mill) yapragi
fenolik bilesenleri ultrason destekli olarak ekstrakte edilmistir. Hiinnap yapragi
ekstraktlarinda (JE) toplam fenolik madde miktar: (TPC), 2,2 -diphenyl-1-picrylhydrazyl
(DPPH) giderme aktivitesi ve fenolik profil maksimize edilmek tizere, yanit yiizey yontemi
(YYY) kullanilarak metanol konsantrasyonu, sicaklik ve siire gibi ekstraksiyon faktorleri
optimize edilmistir. Metanol konsantrasyonu (% 25-50), ultrason stiresi (20-40 dakika)
ve sicaklik (40—-60 °C) i¢in muhtemel en iyi aralik Box-Behnken deneme deseni (BBD)
kullanilarak saptanmistir. Optimum ekstraksiyon parametreleri %25 metanol, 20 dakika
ve 49.89 °C olarak belirlenmistir. Optimum ekstraksiyon parametreleri ile elde edilen
hiinnap yaprag ekstraktinda ellajik, kafeik, rosmarinik asitler ve rutin ana fenolik
bilesikler olarak belirlenmistir. Bulgular, potansiyel gida katkisi olarak hiinnap
vapraklarina ait bioaktif bilesenlerin ekstraksiyonunda ultrason destekli ekstraksiyonun
etkili bir yontem oldugunu gostermistir. Bununla birlikte yanit yiizey yontemi utrason
destekli ekstraksiyon faktorlerinin optimizasyonu i¢in etkili bir yontem olarak
belirlenmistir.

Keywords: Ultrason destekli ekstraksiyon, yanit yiizey yontemi, zizyphus zizyphus,
antioksidan kapasite, fenolik bilesenler.

1. Introduction

Zizyphus species (Rhamanceae) are widely used in Asian countries, especially Taiwan
and China, as a medicine for the treatment of allergies, constipation, urinary problems,
depression, chronic bronchitis, insomnia and liver diseases [1]. It is known for health-
promoting effects such as anti-inflammatory [2], antimicrobial [3], antiproliferative, and
apoptotic effects. 135-170 species of Zizypus are reported [4]. In addition to the cultivated
ones, there are many Ziziphus species reported from Turkey that show great diversity in
terms of plant and fruit characteristics. Z. sativa Gaertn., Z. vulgaris L., Z. soporifera
(Lour) Stokes, Z. tomentosa Poir., Z. trinervia Roth, Z. orthacantha DC., Z. rotundata
DC., Z. poirretti G. don, Z. mairei (H. Lev.) Browicz and Lauener, Z. zizyphus (L.) Meikle,
and Z. lotus (L.) Lam are among the species grown in Anatolia [5]. Ziziphus jujuba Mill
(synonyms Rhamnus zizyphus L. and Rhamnus jujuba L.) is the most cultivated jujube
species whose fruit is called "hiinnap" [6]. Fruits are widely consumed for its potential
high nutritional value. Studies on the nutritional content of fruit have reported that they
have besides high protein (14.13%), K (0.12%), Ca (10.21%), P (0.12%), Mg (0.07%), N
(2.26%) [7] and high vitamin C content [8] in dry weight (DW). Benammar et al. [9],
reported that the fruit pulp of jujube have a higher vitamin A and C which responsible for
human cell T-prolifiration than the other parts of plant. Fruit pulp has also been reported
as a rich source of phenolic compounds [10] responsible for the antioxidant properties to
prevent permanency of some diseases. Many antioxidant compounds in the group of
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phenolic acids and flavonoids act as protective against tissue damage and inflammation
caused by reactive oxygen species in plant, human and food tissues. Mostly, it is
associated with reactive oxygen damage, resulting in a decrease of nutritional value with
the formation of free radicals. The oxidative stress causes many diseases including
inflammation, cataract, cancer, arteriosclerosis, autoimmune, Parkinson and
neurodegenerative syndromes in human. Further, oxidative variations cause changes of
color, aroma, texture and flavor in foods. The antioxidants inhibit oxidative damage
mechanism and for scavenging free radicals like peroxide, hydroperoxide of lipid
hydroxyl. It is a well-known that flavonoids and phenolic acids play an active role in
preventing quality losses in foods due to the effect of light and oxygen [10].

Plant parts except for fruit such as leaves, seeds and roots are known as high antioxidant
sources [11]. In vivo studies have been reported that plant leaves and roots demonstrated
anti-spasmodic, anti-inflammatory and analgesic activity in rats and rodents [12,13].
Besides the health benefits, these plant parts are added as antioxidant food additives to
increase the shelf life instead of synthetic antioxidants for adverse effects. Plant leaves
can be used directly or as an extract for food additive. In case of use as an extract, its
effectiveness varies depending on the extraction method and conditions. Solvent
extraction is the most common extraction method [14]. The efficiency of the method
depends on the extraction parameters such as solvent concentration, solvent type,
temperature, stirring speed (rpm). The method requires high temperature and long
processing time [15]. High temperatures applied to achieve high extraction efficiency
may damage some phenolic compounds and excessive use of solvents increases the
amount of waste which harmful for the environment. Green energy extraction methods
are preferred over conventional methods as they provide better recovery of bioactive
compounds in plant tissues without loss and with high antioxidant activities. For
example, ultrasound-assisted extraction (UAE) is an ecofriendly method offering a high
recovery of bioactive compounds [16, 17]. The effect occurs with the collapse of bubbles
growing gradually with the pressure created by ultrasound waves moving on a solid phase
wall in the liquid phase. A high extraction efficiency can be obtained, especially for
phenolic compounds with antioxidant properties [18] and lossless recovery by preventing
the chemical degradation of bioactive compounds. The extraction yield is affected by
several factors, including solvent, sample size, pH, temperature, pressure, particle size,
and UAE time [19]. The antioxidant effect of extracted compounds from several plant
tissues has been determined by assessing the total phenolic content (TPC), DPPH
scavenging activity, and total flavonoid content [20-22].

Many of the experiments on the genus Zizyphus jujube demonstrates the biological
potential of its bioactive components, mainly polyphenols, proteins and polysaccharides,
for all possible pharmaceutical and nutraceutical applications. The variety of these
studies focuses on the presence of bioactive components in jujube fruit and seeds. No
data has reported the effect of ultrasound on phenolic compounds extracted from Ziziphus
jujuba Mill leaves (JLs) and evaluation of its antioxidant properties. Here, we studied the
linear and quadratic effects of different UAE parameters such as time, temperature, and
solvent concentration on the phenolic and antioxidant compounds of Z. jujube extracts
obtained under optimized UAE conditions using response surface methodology (RSM).
Furthermore, in the future projection, general aim is to evaluate the possibilities of use
with its high antioxidant effect in the food and pharmaceutical industry with its possible
nutraceutical and nutritional effects. The general objective for the future projection is to
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develop its use as a new functional and nutritional food and pharmaceutical industry
additive in terms of high nutritional value.

2. Materials and methods

2.1.Plant materials

Hand-picked Z. zizyphus leaves from the tree in Balikesir, Turkey were washed and dried
on a clean filter paper in the shade and at room temperature for approximately 24 h. The
dried leaves were powdered using a Waring blender (Clarkson 8011S, USA). All
chemicals were obtained from Sigma-Aldrich (St. Louis, MO, USA).

2.2.Process design

Optimum UAE conditions were designed for combinations of variables by RSM, using
Box—Behnken design. The maximum antioxidant activity and TPC values in Jujube leave
extracts were determined using the Minitab® statistical software (Pennsylvania, USA).
Independent variables were temperature (X1: 40, 50, and 60 °C), time (X2: 20, 30, and 40
min), and methanol concentration (Xs: 25, 37.5, and 50%). Dependent variables were
TPC and the scavenging activity of DPPH in the process (Table 1). The values of
triplicate result responses were placed into the model (Eq. 1).

Y= B0 + BIX1 + B2X2 + B3X3 + B11X1X1 + P22X2X2 + B33X3X3 +
B12X1X2 + B13X1X3 + B23X2X3 1)

The constant is Bo, whereas TPC and DPPH from JE are expressed as Y. B1, B2, and Bz are
symbolized in the equation as linear regression coefficients, and P11, 22, and B33 are used
as quadratic coefficients; P12 and P23 are used as interaction coefficients. Xi refers to
temperature, Xz refers to time, and X3 refers to methanol concentration.

The interaction between dependent and independent variables is shown using the
polynomial equation and three-dimensional (3D) graphics. The optimized conditions of
UAE were calculated as regression coefficients (f) of linear, interaction, and quadratic
using analysis of variance (ANOVA) for TPC and antioxidant activity. The regression
coefficient (R?) was used (95%, p < 0.05) to estimate the suitability of responses of the
polynomial equation using RSM. The validity of the model was determined by comparing
it with predicted values.

2.3.Ultrasound-assisted extraction of phenolic compounds from jujube leaves

The phenolic compounds of jujube (Z. zizyphus) leaves were extracted using a 3.3 L
ultrasonic bath (Daihan Scientific, Korea) at 40 kHz and 172 W. The independent
variables are temperature, time and solvent concentration (Table 1). 0.5 g of dried
powdered leaves were used for the trials that met the conditions specified in the trial
fractions modeled according to Table 1, and the extraction solution was obtained by
completing it with 50 ml extraction solution. Afterward, ultrasonic extraction was
applied. Process factors (temperature, time) were observed using the control panel. After
the application, mixture was cooled to room temperature and filtered. The TPC and
antioxidant properties of JE were analyzed.
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2.4.Phenolic composition of JE

The profile of phenolic compounds was analyzed at optimized conditions by HPLC [23].
The flow rate of mobil phase (A: 3% of formic acid, B: Methanol) was set at 0.8 ml/min
and was monitored using Diode-Array Detector (DAD, SPD-M20A) at 260 nm. A
Zorbax C18 column (250*4.6 mm, 5 micron) was used for separation by isocratic elution
at 25°C. The results of trials were expressed as means £SD (standard deviation).

2.5.Total phenolic content

A modified Folin—Ciocalteu method (Mohamed Ahmed et al. 2020) was used to
spectrophotometrically (T80+ UV—Visible; PG Instruments, UK) determine the TPC of
JE [24]. 900 pL of distilled water was added into the100 uL of JE. After 5 mL of Folin-
Ciocalteu reagent (0.2 N) was added, the blend was kept during three minutes. 4 mL of
Na2CO3 solution (% 20; w/v) was added on to the blend and kept in the dark at room
temperature for 90 minutes. The results were expressed as milligrams of gallic acid
equivalents per gram (g GAE/g DW). Absorbance was measured at 765 nm against blank
and different gallic acid concentration as a substrat. The results expressed as miligrams
of gallic acid equivalents per gram (g GAE/g DW).

2.6.DPPH

The total antioxidant capacity (TAC) of JE was assessed using the modified DPPH
method [25]. The scavenging activity of DPPH (% inhibition) was calculated by
measuring the change in the absorbance of the DPPH solution at 517 nm. The calibration
curve (R2 =0.9972) was plotted using different amounts of Trolox (10—100 umol/L) (Eq.
2).

Inhibition (%) = 222

Ac

x100 2)

A = absorbance of the control
As = absorbance of the sample

3. Results and discussion

The Box—Behnken design was used to determine the interaction of factors and optimize
UAE conditions (temperature, time, and solvent concentration). The uncoded values of
independent variables are indicated in Table 1. The TPC in JE ranged from 2486.44 to
4438.52 mg GAE/g DW, and the percentage inhibition of DPPH ranged from 09.76 to
50.50 % as dependent variables affected by extraction parameters. The temperature was
highly effective on the TPC value. The maximum DPPH inhibition was determined at
the highest temperature and methanol concentration. Different studies indicated that the
methanol concentration and temperature were effective UAE factors on TPC and
antioxidant activity for oil palm (Elaeis guineensis Jacg.) leaf [26] and Cassia auriculata
leaves [27].
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Table 1. Optimization of extraction parameters using the Box—Behnken experimental
design used in TPC (mg GAE g* DW) and DPPH (% inhibition) of JE using UAE

Run Xi X2 X3 TPC DPPH

1 60.00 40.00 37.50 2782.21 +0.24 36.02 +£0.02
2 40.00 40.00 37.50 3048.40 +£0.32 9.76 +0.01
3 50.00 30.00 37.50 2959.67 +0.00 27.27 +0.22
4 60.00 30.00 25.00 2880.80 +0.89 43.09 +0.10
5 50.00 40.00 25.00 4290.64 +0.87 13.46 +£0.09
6 40.00 30.00 50.00 2486.44 +0.02 35.69 +0.32
7 60.00 20.00 37.50 2821.65 +0.18 50.50 +0.46
8 50.00 30.00 37.50 3156.85 £0.22 35.01 +0.25
9 50.00 30.00 37.50 3285.02 +0.24 10.43 +0.14
10 50.00 30.00 37.50 2703.34 +0.45 19.19 £0.02
11 50.00 20.00 25.00 4438.52 +0.52 12.79 +0.01
12 50,00 30.00 37.50 2723.06 +£0.28 24.24 +0.00
13 50.00 20.00 50.00 3137.13+0.16 25.58 +0.18
14 40.00 20.00 37.50 2555.45 +0.36 23.56 +0.44
15 40.00 30.00 25.00 2831.50 £0.06 11.44 +0.12
16 50.00 40.00 50.00 4044.16 +£0.42 41.07 +0.08
17 60.00 30.00 50.00 3827.27 +0.18 50.16 +0.12

X1: temperature (°C); X2: time (min); X3: methanol concentration (%, v/v)

The interaction between dependent and independent variables was modeled using the
quadratic polynomial equation (Eqg. 1). The regression coefficients calculated from the
model for TPC and DPPH were control respectively. The overall variability of the
response was determined to be more than 80.7% (Eq. 1).

3.1.Effect of UAE factors on TPC

Several known effective variables such as solvent type [28], concentration [29], time,
temperature [30], sample-to-solvent ratio [31], diameter, and shape of the extraction
vessel [32] affected the extraction of bioactive compounds using UAE. Unlike other
extraction methods, UAE increases the extraction performance by destroying the cell
walls with the formation of acoustic cavitation and accelerates the mass transfer from the
solid matrix [33]. The highest TPC content of Jujube leave extracts was recorded as
4438.52 £0.52 in the 11th trial (X1: 50 °C, X2:20 min, and X3: 25%) in the UAE
conditions, where 15 different factor combinations were applied (p < 0.05). The lowest
TPC value of 2486.44 £0.02 was recorded while X1: 40 °C, X2:30 min, and X3: 50%.

The 3D surface plots were generated for maximizing the TPC of Jujube leave extracts
under optimum UAE conditions. Quadratic effect of temperature was significant (Table
2). The predictive equation is shown below that was calculated using regression
coefficients of factors for TPC (Table 2).
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Table 2. Modeled regression coefficients for dependent variables of JE using UAE

TPC DPPH
Coefficient  Standard Coefficient Standard
estimate error estimate error

Intercept

B0 Linear -2.882 0.79 11.6993 204.06
B1 1.35 236.82 -6.216 6.06
B2 -0.42 180.28 0.666 4.61
B3 -1.012 144.22 0.556 3.69
Interaction

B12 -1.332 2.10 -0.002 0.05
B13 2.582 1.68 -0.0342 0.04
B23 211 1.68 0.03 0.04
Quadratic

B11 -6.52% 2.19 0.088 0.05
B22 3.20 2.19 -0.031 0.05
B33 3.35 1.40 0.013 0.03
R? 0.99 0.81

F value (model) 2.83 2.27

F value (Lack of fit) 10.31 0.56
3 < 0.05.

The estimated maximum level of temperature for TPC was 59 °C using the model (Figure

1a). Although quadratic effect of methanol concentration for TPC was insignificant,
linear effect and interaction of temperature and methanol concentration were significant
(Table 2). Depending on temperature and time, 25% of methanol concentration gave the
best extraction environment for TPC (Figure 1a,1b,1c). The linear and quadratic effects
of UAE time were insignificant. The TPC started to decrease after increasing slowly until
38.86 min. The interaction of UAE temperature and time was highly effective (p < 0.05).
The increase in TPC was observed depending on the increase in UAE temperature,
whereas the UAE time was constant. In addition, TPC did not change at a constant UAE
temperature despite the increase in UAE time. Similar results were obtained by Mohamed
et al. for Argel leaf extracts [24]. In contrast, the TP content increased depending on the
methanol concentration (Figure 1c). It was reported that the TP content of the methanol
(80%) extracts from jujubes ranged from 275.6 to 541.8 mg GAE/100 g FW under
unoptimized extraction parameters (by an ultrasonic bath for 20 min) [34].
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Figure 1. Response surface plot of TPC (mg GAE/g DW) of JE as a function of
temperature, time and methanol concentration.
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3.2.Effect of UAE factors on DPPH scavenging activity

The radical scavenging activity of DPPH from extracts is shown in Table 1. The highest
DPPH radical scavenging activity (% inhibition) was recorded (50.16%) in the 15th trial
at 60 °C (X1), 20 min (X2), and a 37.5% (X3) under the UAE conditions, where 15
different factor combinations were applied. The lowest % inhibition was determined in
the second trial (9.76%) at 40 °C of temperature, 40 min of time, and 37.5% of methanol.
The DPPH radical scavenging activity of extracts was influenced significantly (p < 0.05)
by the interaction between X3 and X: according to the data of the multiple regression.
Methanol-water mixture is classified as the most suitable extraction solvent due to its
high dielectric constant/polarity [35]. In addition, it reduces phenolic degradation by
inhibiting the activity of polyphenol oxidases [36].

(%)

Jujube DPPH

Jujube DPPH (%)
Jujube DPPH (%)
n
=1

UAE Temperature (°C) Methanol Concentration Sonication Time (min) Methanol Concentration

(@) (b) (©

Figure 2.Response surface plot of DPPH radical scavenging activity (%) of JE as a
function of temperature, time and methanol concentration

Each of the extraction factors were increased to inhibition of DPPH quadratically
(p<0.05) (Table 2). However, linearity of each factors were found effective on DPPH
significantly (p<0.05). 3D plots have showed that the interaction relationship between
independent variables and DPPH data. The increase in temperature and time caused an
increase of DPPH (Figure 2a). However, the combined effect of temperature and
methanol concentration was more effective on DPPH (Figure 2b). Although sonication
time with methanol concentration increased DPPH inhibition, it was clearly seen that the
main effect depends on the methanol concentration (Figure 2c). Previous studies have
reported that a high extraction temperature increased the substance solubility, mass
transfer, and solvent diffusion [37]. The increase in methanol concentration elevated the
radical scavenging of DPPH (Figure 2c).

3.3.0ptimization of the extraction parameters

The response variables of TPC and radical scavenging activity of DPPH under optimum
conditions are given in Table 3. The maximum value was 4208.16 mg GAE/g DW for
TPC at 49.89 °C, 20 min, and 50% of methanol concentration under predicted conditions
and 52.51% for the maximum DPPH inhibition at 60 °C, 33.33 min of time, and 50% of
methanol concentration under predicted UAE conditions.
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Table 3. Optimum conditions and validation of predicted and experimental values
obtained under the same conditions

Optimum Extraction

parameters Maximum values

Response variable X1 X2 X3 Predicted Experimental

Individual responses

TPC (mg GAE/g DW)  49.89 20.00 25.00  4208.16 3423.05
DPPH (% inhibition) 60.00 33.33 50.00 52.51 51.51

Combined responses

TPC (mg GAE/g DW)  58.98 20.00 25.00 3670.36 3482.20

DPPH (% inhibition) 41.67 34.14

The combined experimental and predicted results for each response of TPC and radical
scavenging of DPPH from extracts under optimum extraction parameters were compared.
The experimental data for DPPH (34.14% inhibition) were lower than the predicted value
(41.67% inhibition), whereas the predicted result (3670.36 mg GAE/g DW) obtained
using the RSM model was close to the experimental result (3482.20 mg GAE/g DW) for
TPC of JE. The value of total desirability as 0.95 was recorded in experiments at 58.98
°C and 25% methanol concentration for 20 min. The designed model fitted well for
extracting phenolics from JE under optimum UAE conditions and predicted optimum
extraction parameters. High TPC (6098.14 mg GAE/100 g DM) and antioxidant activity
(4010.63 mg ascorbic acid equivalent/100 g DM) under optimal conditions (64.20%
methanol, 73.60% ultrasound intensity, and 13.27 min) have been reported for jujube
leaves [38]. On the other hand UAE has been reported as an effective method for
extracting phenolic compounds from Moringa oleifera L. leaves. But that effect has no
significantly related the ratio of liquid to solid and ultrasonic time. In the same study it
has been reported that the optimal conditions for maximization of the TPC/TFC and
antioxidant activities were 37% water content, 144 W ultrasonic power, and 40 °C
temperature [39].

3.4.Phenolic compounds in Jujube leave extracts

The phenolic compounds obtained under optimum conditions from Jujube leave extracts
using UAE were listed in Table 4. Phenolic acids (24307.9 mg/kg Jujube leave extracts
DW) predominated among the 13 different phenolic compounds reported. Ellagic acid
(13127.200 mg/kg Jujube leave extracts DW) and caffeic acid (7761.7 mg/kg Jujube leave
extracts DW) were phenolics with the highest detectable amount, followed by rutin (3285
mg/kg Jujube leave extracts DW) and rosmarinic acid (467.6 mg/kg Jujube leave extracts
DW). Other phenolics were detected in low amounts.
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Figure 3.Heatmap (a) and cluster analysis (b) of phenolic compounds (mg/kg DW) in
methanolic extracts of Zyzypus jujube leaf obtained under optimum extraction
parameters for DPPH, TPC and combined response DPPH with TPC.

Table 4. Phenolic compounds of JE under optimized UAE conditions

Phenolic Jujube leaf extract
compound Retention time (min) Amount (mg kgt DW)
Catechin 15.2 133.1
Caffeic acid 22.7 7761.7
Cinnamic acid 71.1 6.800
Ferulic acid 30.1 85.600
Vanillic acid 19.2 8.200
Ellagic acid 47.7 13127.200
p-Coumaric acid 26.1 ND
Gallic acid 6.8 24.400
Rosmarinic acid 61.9 467.600
Protocatechuic 10.7 ND
acid 21.3 126.800
Epicatechin 45.7 3285.000
Rutin 15.7 9.000
Syringic acid

Hydroxybenzoic acid, syringic acid, vanillic acid, and caffeic acid constitute the major
polyphenolic antioxidant profile in Argel [24], mulberry Salvia officinalis L., Rosmarinus
officinalis L., Olea europaea L., and Punica granatum L., Ruta graveolens L., Mentha
piperita L., and Petroselinum crispum [40], and blackberry leaves [41]. Contrary to
several conventional methods [42], UAE was used safely for effective recovery of
phenolic compounds with less solvent and time requirement, as reported in previous
studies [43]. The altered cell wall permeability by the cavitation effect of ultrasound
accelerates the transition from the solid matrix to the liquid matrix [44].
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4. Conclusion

In the present study, phenolic compounds were extracted from jujube leaves using
ultrasound and their antioxidant properties were investigated. Extraction parameters such
as temperature, time, and methanol concentration were optimized using RSM. UAE
temperature and methanol concentration played a significant role in the extraction of
jujube phenolics under optimized extraction parameters. Significant similarities were
found between the experimental and predicted values of DPPH and TPC. Significant
amounts of rutin, ellagic acid, rosmarinic acid, and caffeic acid were found in JE. These
results demonstrated that JE can be added to foods as a good source of antioxidants
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Oz

Kanser, hiicrelerin kontrolsiiz olarak cogalmasi sonucu olusan ve kardiyovaskiiler
hastaliklardan sonra diinyada 6liim orani en yiiksek hastaliktir. Mide kanseri, diinyada
en yaygin goriilen kanser tiirlerinden biri olmakla birlikte GLOBOCAN 2020 yaklasik
800000 oliime neden olmus ve yaklasik 1,1 milyon yeni mide kanseri vakasi tespit
edilmistir. Tedavisinde cerrahi, kemoterapi, ila¢ tedavisi gibi ydntemler siklikla
kullanilsa da etkili sonuclar vermemektedir. Bu nedenle mide kanseri olusmadan once
bagisiklik olusturularak hastaligin baglamasini engellenmeli veya elde edilen bagisikiik
sayesinde daha hizli bir sekilde tedavilerden yanit alinmasini saglanmalidir. Asilamanin
kansere karsit bagisiklik sistemini harekette gecirdigine dair literatiirde yer alan
calismalar, kanser asilarinda umut verici sonuglar ortaya koymaktadir. Bu ¢alismada,
mide kanserine yonelik gelistirilen asi formiilasyonlarinin immiinostimiilan etkileri, J774
murin makrofaj, THP-1 insan makrofaj ve L929 fibroblast hiicrelerinde arastiriimis ve
sitotoksisiteleri belirlenmistir. AGS mide kanseri hiicre hattindan dondurma-¢ozdiirme
yontemi ile elde edilen antijenler Freund’s ve Incomlete Freund’s adjuvanlart ile
kombine edilmistir. Calisma sonug¢larina gére, gelistirilen asi formiilasyonlarinin toksik
etkilerinin  diisiik oldugu ve en yiiksek immiinostimiilan etkinligin 40 ug/ml
konsantrasyonda oldugu tespit edilmistir. Kullanilan ii¢ hiicre hattinda maksimum
protein konsantrasyonunda hiicre canliliklart %75 ‘den yiiksek oldugu belirlenmistir.
Elde edilen sonuglarin mide kanserine yonelik asi formiilasyonlarimin gelistirmesine
yvardimci olacagr ve kanser immiinoterapisi ¢alisan arastirmacilar i¢in bu verilerin
degerlendirilebilecegi séylenebilir.

Anahtar kelimeler: Mide kanseri, asi, dondurma-¢ozdiirme yontemi, Freund’s adjuvan.
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Investigation of immunostimulant and cytotoxic effects of
vaccine formulation developed against gastric cancer

Abstract

Cancer is the disease that results from the uncontrolled proliferation of cells and has the
highest mortality rate in the world after cardiovascular diseases. Although gastric cancer
is one of the most common cancer types in the world, GLOBOCAN 2020 caused
approximately 800,000 deaths and approximately 1.1 million new gastric cancer cases
were detected. Although methods such as surgery, chemotherapy and drug therapy are
frequently used in the treatment, they do not give effective results. For this reason, before
gastric cancer occurs, the onset of the disease should be prevented by creating immunity
or a faster response from the treatments should be provided thanks to the immunity
obtained. Studies in the literature showing that vaccination activates the immune system
against cancer reveal promising results in cancer vaccines. In this study, the
immunostimulatory effects of vaccine formulations developed for gastric cancer were
investigated in J774 murine macrophage, THP-1 human macrophage and L929 fibroblast
cells and their cytotoxicity was determined. Antigens obtained by freeze-thaw method
from AGS gastric cancer cell line were combined with Freund's and Incomlete Freund's
adjuvants. According to the results of the study, it was determined that the toxic effects of
the developed vaccine formulations were low and the highest immunostimulatory activity
was at a concentration of 40 ug/ml. It was determined that cell viability was higher than
75% at the maximum protein concentration in the three cell lines used. It can be said that
the results obtained will help the development of vaccine formulations for gastric cancer
and that these data can be evaluated for researchers working on cancer immunotherapy.

Keywords: Gastric cancer, vaccine, freeze-thaw method, Freund's adjuvant.

1. Giris

Kanser, hiicrelerin kontrolsiiz olarak ¢ogalmasi sonucu olusan ve kardiyovaskiiler
hastaliklardan sonra diinyada 6liim orani en yliksek hastaliktir. Kanserin bir¢ok tiirii
olmakla birlikte en fazla 6liime neden olan tiirleri akciger, meme, prostat, mide ve
kolorektal kanserlerdir [1].

Mide kanseri, diinyada en yaygin goriilen kanser tiirlerinden biri olmakla birlikte kansere
bagli oliimlerde dordiincii sirada yer almaktadir. GLOBOCAN 2020 tahminlerine gore
mide kanseri, tiim kanser 6liimlerinin %7,7'sini olusturarak yaklagik 800000 6liime neden
olmustur. 2020'de tiim kanser vakalarinin %5,6'sin1 olusturarak yaklasik 1,1 milyon yeni
mide kanseri vakasi teshis edilmistir [2]. Mide kanseri, ¢evresel faktorlere dayanmakla
birlikte %1-3 gibi bir oranda kalitsal olarak ortaya ¢ikmaktadir. Mide kanseri olusumunda
en 6nemli faktorlerin basinda ise Helikobakter pilori (H. Pilori) enfeksiyonu gelmektedir.
Bunun disinda metabolik yolaklarda ortaya ¢ikan mutasyonlar, tiimor baskilayici genlerin
ve onkogenlerin ekspresyon seviyelerinde olusan degisimler mide kanseri olusumunda
etkilidir [3].

Mide kanseri ¢ok kapsamli bir hastaliktir. Bu da kanser tanisinin ge¢ konulmasina ve
tedaviye ge¢ baslanmasina neden olmaktadir. Bu nedenle, diger kanser tiirlerinde oldugu

294



BAUN Fen Bil. Enst. Dergisi, 26(1), 293-304, (2024)

gibi mide kanserinde de erken tani, tedavi i¢in oldukca Onemlidir. Ancak kanserin
semptomsuz ilerlemesi teshisi zorlagtirmaktadir. Erken evrede tani oldukga zor iken ileri
evrede agri, kitle ve kanama gibi semptomlar ortaya ¢ikmaktadir [4].

Glinimiizde erken evre mide kanserine kars1 tedavide cerrahi rezeksiyon
uygulanmaktadir. Ileri evre mide kanserlerinde ise kemoterapi kullanilmaktadir. Ancak
hastalarin kemoterapotik ilaglara kars1 gosterdigi direng, tedavinin olumsuz seyretmesine
neden olmaktadir [5]. Bu nedenle mide kanseri olusmadan once bagisiklik olusturularak
hastaligin baglamasini engellenmeli veya elde edilen bagisiklik sayesinde daha hizli bir
sekilde tedavilerden yanit alinmasini saglanmalidir. Kanser asilar ile ilgili yapilan
calismalarda kanser hiicresi antijenleri as1 kaynagi olarak bir¢ok calismada
kullanilmaktadir. Hiicre kaynagindan antijen eldesinde genellikle dondurma-¢ozdiirme
ve sonikasyon gibi yontemler kullanilmaktadir [6]. Hazirlanan antijenlerle adjuvan
kombinasyonlar1 as1 ¢alismalarinda kullanilmaktadir. Bu sayede hazirlanan antijenlerin
etkinlikleri adjuvanlar ile artirilmakta ve antijene karsi daha yiiksek bir immiin yanit elde
edilmesi saglanmaktadir [7].

Bu calismada ilk kez, AGS insan mide kanseri hiicre hattindan dondurma-¢6zdiirme
yontemi ile elde edilen antijenlerin tek bagina ve farkli adjuvan (Freund’s ve Incomplete
Freund’s) kombinasyonu ile olusturulan as1 formiilasyonlarinin J774 murin, THP-1 insan
makrofaj ve L1929 fare fibroblast hiicre hatlarinda immiinostimiilan aktivitesi ve
sitotoksisitesi incelenmistir.

2. Deneysel calismalar

2.1. Hiicre kiiltiiriin yapilmast

Yapilan deneysel caligmalarda farelerden elde edilen fibroblast hiicre hatt1 (L929) ve fare
makrofaj hiicre hatt1 (J774) ve insanlardan elde edilen makrofaj hiicre hatti (THP-1)
kullanildi. Hiicrelerin kiiltiirii 75cm?’lik (Polistiren yiizey, NEST) flasklarda yapilda.
Deneysel ¢alismada stok medyumlar kullanildi. Stoklar %1°lik penisilin- streptomisin ve
%1’lik L-glutamin ile hazirlandi. Hiicrelerin ¢ogalmasi i¢in L929 fibroblast hiicre hattinin
kiltiirii %10 FBS iceren DMEM besiyerinde, J774 fare makrofaj hiicre hattinin kiiltiirii
ve THP-1 insan makrofaj hiicre hattinin kiiltiirii %10 FBS i¢ceren RPMI-1640 besiyerinde
gerceklestirildi. Deneysel ¢alismada pasaj sayilar1 10. ile 15. Arasinda olan hiicre hatlar1
kullanildi. Hiicre hatlarinin kiiltiirti 37°C, %95 nem ve %5 CO- inkiibasyon sartlarinda
yapildi. L929 hiicre hatt1 enzimatik yol ile J774 ve THP-1 hiicre hatt1 ise fiziksel yol ile
toplanarak 25°C, 1000 rpm’de 5 dk siireyle santrifiij ve thoma laminda hiicre sayimlari
gerceklestirildi. Kuyu basina 1x10° hiicre/mL olacak 96 kuyulu platelere ekim yapildi. 24
saat inkiibasyonda tutuldu [8].

2.2. Antijenlerin hazirlanmasi

AGS kiiltirt  kiltiriinin - ¢ogalmas1 %10 FBS igeren RPMI-1640 besiyerinde
gergeklestirildi. Cogaltilan AGS kiiltiirii topland1 ve 1 ml PBS ile yikanarak -20°C’ye
kaldirildi. Coziiniir AGS antijenlerinin hazirlanmasi i¢in dondurma-¢dzdiirme metodu
uygulandi. Dondurma-¢6zdiirme metodunda, -20°C’den ¢ikarilan hiicreler 37°C’de su
banyosu igerisinde ¢6ziindii. Coziinen hiicreler sivi azot kabina konularak 15 dk siireyle
hiicrelerin donmas1 beklendi. Donan hiicreler 15 dk siire ile 37°C’deki su banyosuna
bekletilerek ¢oziinmesi saglandi. PBS icerisinde siispanse hale getirilen hiicrelerde bu
islem 5 kere tekrar edildi ve sonra 10.000 rpm’de 3 dk santrifiij edildi ve siipernatant
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alindi. Lizattaki protein miktarinin tayini, UV spektrometresinde Warburg-Christian
yontemi kullanilarak 280 ve 260 nm dalga boyunda gergeklestirildi [9,10].

2.3. Nitrik oksit analizin yapilmasi

Dondurma-¢6zdiirme yontemi ile hazirlanan antijenlerin farkli konsantrasyonlarinin tek
basina ve adjuvanlar ile kombinasyonlarinin makrofaj ve fibroblast hiicre kiiltiir
sistemlerinde immiinostimiilan etkinliginin tayin edilmesi i¢in hiicrelerin iirettikleri nitrik
oksit (NO) miktar1 Griess metoduyla belirlendi [11]. 24 saat %5 CO? igeren 37°C’deki
etivde makrofaj ve fibroblast hiicrelerinin inkiibasyonunun ardindan cesitli
konsantrasyonlarda hazirlanan antijen (25 pg/ml, 40 pg/ml, 80 pg/ml, 100 pg/ml, 150
pg/ml, 200 pg/ml) ve adjuvan (Freund’s adjuvant ve Incomplete Freund’s adjuvant)
kombinasyonlar1 (10 pg/ml ve 40 pg/ml) eklendi.

48 saat inkiibasyonun ardindan siipernatantlar toplanarak Griess reaktifi ile reaksiyona
sokuldu. Griess reaktifi 100 ml distile suya 2,5 ml fosforik asit, 0,1 g N-(1- Naphthyl)
Ethylenediamine ve 1 g Sulfanilamide eklenerek hazirlandi. NO 6l¢limii yapilacak kiiltiir
ortamindan 50 ul alinarak 96 kuyulu plaklara eklendi. Orneklerin iizerine 50 pl Griess
reaktifi eklendi ve oda sicakliginda 10 dk. inkiibasyona birakildi. 540 nm’de ELISA
Readerda absorbanslar 6l¢iildii [12].

2.4. MTT analizinin yapilmasi

Hiicre canlilig1 analizi inkiibasyon sartlar1 37°C’de %95 nem ve %5 CO? ortam olacak
sekilde inkiibator ayarlanarak 48 saat inkiibe edilen hiicrelere MTT uygulandi. 3-(4,5-
dimetiltiazol-2-yl)-2,5-Difeniltatrazilyum bromid igeren MTT ile hiicre canlilik oranlari
degerlendirildi. Well plate tizerindeki her bir kuyucuga 10 pl MTT soliisyonu ilave edildi.
Well platelerdeki hiicreler karanlik ortamda, 37°C’de 3 saat inkiibe edildi. inkiibasyon
sonrast MTT soliisyonu igeren sivilar aspire edilerek ortamdan uzaklastirildi. Her kuyuya
100 pl dimetilsiilfoksit (DMSO) eklendi. Plateler 30 dk karanlik ortamda bekletildi. Daha
sonra 570 nm dalga boyunda 6l¢iim alinarak canlilik analizi gerceklestirildi [13,14]. Her
deney grubu ii¢ kez tekrarlanarak ortalamasi alindi. Canlilik analizi verileri denklem 1
kullanilarak hesaplandi. Veri grafikleri olusturuldu.

Hitere Canlitig: (9%) = (T1ek absorbans )+ 100
Bt L7 = ‘Kontrol absorbansi Q)

2.5. Istatistiksel analizin yapilmast

Calismada elde edilen veriler IBM SPSS 25.0 (IBM Corporation, Armonk, NY, ABD)
paket programinda analiz edilmistir. Gruplar aras1 karsilastirmalar tek yonlii varyans
analizi Tek Yonli ANOVA testi ile yapilmistir. Sonuglar ortalamatstandart sapma
(Ortalama+SD) olarak verildi ve istatistiksel anlamlilik p<0,05 olarak kabul edildi.

3. Sonuclar ve tartisma

Yapilan calismada ~ AGS hiicrelerinden dondurma-¢ozdiirme metodu kullanilarak
antijen  hazirlanmistir. Hazirlanan antijenlerin  tek basmma ve adjuvanlarla
kombinasyonlarinin asi1 ¢alismalarinda kullanilabilirliginin belirlenmesi i¢in J774 ve
THP-1 makrofaj ve L929 fibroblast hiicre kiiltiirii sisteminde immiinostimiilan etkinligine
ve sitotoksik etkilerine bakilmistir.
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Sekillerde gosterilen hiicrelerin canlilik yiizdeleri, pozitif kontrol grubunun degeri %100
olarak kabul edildiginde, diger gruplarda basit oran hesab ile elde edilen % degeridir ve
canlt hiicre oranini belirtmektedir. MTT testi sonuglarina gore hiicre canlilig1 48. saatin
sonundaki biitiin gruplar arasinda % hiicre canliligi {izerinden degerlendirmeler
yapilmustir.
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Sekil 1. Antijen ve adjuvan (10 pg/ml) kombinasyonlarinin L929 fibroblast hatti
iizerinde immiinostimiilan etkinligi ve sitotoksisite analizi.

AGS mide kanseri hiicre hattindan dondurma-¢ézdiirme yontemi ile hazirlanan
antijenlerin ve adjuvan (10 pg/ml) kombinasyonlarinin L929 fibroblast hiicre kiiltiirii
sisteminde immiinostimiilan etkinligi ve sitotoksisite analizi Sekil 1’de gosterilmistir.
Yapilan c¢alismada AGS hiicre hattindan elde edilen antijenlerin, en ylksek
immiinostimiilan etkinligi 40 pg/ml konsantrasyonda gostermistir. AGS hiicre hattindan
elde edilen antijenlerin 40 pg/ml konsantrasyonda fibroblastlarla muamelesinden elde
edilen en yiliksek immiinostimiilan etkinlik 6,783 nmol/ml’dir. Sitotoksisite analizinde ise
%95,23 canlilik tespit edilmistir. Yapilan ¢alismada 10 pg/ml Freund’s ve Incomplete
Freund’s adjuvanlarinin antijenler ile kombinasyonlarinin fibroblast hiicre kiiltiirii
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sisteminde immiinostimiilan etkinligi de incelenmistir. 40 pg/ml antijen-10 pg/ml
Freund’s adjuvan kombinasyonunun fibroblastlarla muamelesinden elde edilen en yiiksek
immiinostimiilan etkinlik 8,721 nmol/ml’dir. Sitotoksisite analizinde ise %85,02 canlilik
tespit edilmistir. 40 pg/ml antijen-10 pg/ml Incomplete Freund’s adjuvan
kombinasyonunun fibroblastlarla muamelesinden elde edilen en yiiksek immiinostimiilan
etkinlik 8,333 nmol/ml’dir. Sitotoksisite analizinde ise %87,85 canlilik tespit edilmistir.
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Sekil 2. Antijen ve adjuvan (40 pg/ml) kombinasyonlarinin L929 fibroblast hatti
iizerinde immiinostimiilan etkinligi ve sitotoksisite analizi.

AGS mide kanseri hiicre hattindan dondurma-¢ézdiirme yontemi ile hazirlanan
antijenlerin ve adjuvan (40 pg/ml) kombinasyonunun L929 fibroblast hiicre kiiltiirii
sisteminde immiinostimiilan etkinligi ve sitotoksisite analizi Sekil 2°de gosterilmistir.
Yapilan calismada 40 pg/ml Freund’s ve Incomplete Freund’s adjuvanlarinin antijenler
ile kombinasyonlarinin fibroblast hiicre kiiltlirii sisteminde immiinostimiilan etkinligi
incelenmistir. 40 pg/ml antijen-40 pg/ml Freund’s adjuvan kombinasyonunun
fibroblastlarla muamelesinden elde edilen en yiiksek immiinostimiilan etkinlik 9,69
nmol/ml’dir. Sitotoksisite analizinde ise %81,49 canlilik tespit edilmistir. 40 pg/ml
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antijen-40 pg/ml Incomplete Freund’s adjuvan kombinasyonunun fibroblastlarla
muamelesinden elde edilen en yiiksek immiinostimiilan etkinlik 9,225 nmol/ml’dir.
Sitotoksisite analizinde ise %85,76 canlilik tespit edilmistir.
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Sekil 3. Antijen ve adjuvan (10 pg/ml) kombinasyonlarinin J774 makrofaj hattt
iizerinde immiinostimiilan etkinligi ve sitotoksisite analizi.

AGS mide kanseri hiicre hattindan dondurma-¢ézdiirme yontemi ile hazirlanan
antijenlerin ve adjuvan (10 pg/ml) kombinasyonunun J774 makrofaj hiicre kiiltiirii
sisteminde immiinostimiilan etkinligi ve sitotoksisite analizi Sekil 3’te gosterilmistir.
Yapilan c¢alismada AGS hiicre hattindan elde edilen antijenlerin, en yiiksek
immiinostimiilan etkinligi 40 pg/ml konsantrasyonda gostermistir. AGS hiicre hattindan
elde edilen antijenlerin 40 pg/ml konsantrasyonda makrofajlarla muamelesinden elde
edilen en yliksek immiinostimiilan etkinlik 6,86 nmol/ml’dir. Sitotoksisite analizinde ise
%95,16 canlilik tespit edilmistir. Yapilan ¢alismada 10 pg/ml Freund’s ve Incomplete
Freund’s adjuvanlarmin antijenler ile kombinasyonlarmin makrofaj hiicre kiiltiirii
sisteminde immiinostimiilan etkinligi de incelenmistir. 40 pg/ml antijen-10 pg/ml
Freund’s adjuvan kombinasyonunun makrofajlarla muamelesinden elde edilen en yiiksek
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immiinostimiilan etkinlik 8,682 nmol/ml’dir. Sitotoksisite analizinde ise %84,8 canlilik
tespit edilmistir. 40 pg/ml antijen-10 pg/ml Incomplete Freund’s adjuvan
kombinasyonunun makrofajlarla muamelesinden elde edilen en yiliksek immiinostimiilan
etkinlik 8,411 nmol/ml’dir. Sitotoksisite analizinde ise %87,25 canlilik tespit edilmistir.
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Sekil 4. Antijen ve adjuvan (40 pg/ml) kombinasyonlarinin J774 makrofaj hatti
iizerinde immiinostimiilan etkinligi ve sitotoksisite analizi.

AGS mide kanseri hiicre hattindan dondurma-¢ézdiirme yoOntemi ile hazirlanan
antijenlerin ve adjuvan (40 pg/ml) kombinasyonunun J774 makrofaj hiicre kiiltiirii
sisteminde immiinostimiilan etkinligi ve sitotoksisite analizi Sekil 4’te goOsterilmistir.
Yapilan calismada 40 pg/ml Freund’s ve Incomplete Freund’s adjuvanlarinin antijenler
ile kombinasyonlarinin makrofaj hiicre kiiltlirii sisteminde immiinostimiilan etkinligi
incelenmistir. 40 pg/ml antijen-40 pg/ml Freund’s adjuvan kombinasyonunun
makrofajlarla muamelesinden elde edilen en yiiksek immiinostimiilan etkinlik 9,38
nmol/ml’dir. Sitotoksisite analizinde ise %83,46 canlilik tespit edilmistir. 40 pg/ml
antijen-40 pg/ml Incomplete Freund’s adjuvan kombinasyonunun makrofajlarla
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muamelesinden elde edilen en yiiksek immiinostimiilan etkinlik 9,031 nmol/ml’dir.

Sitotoksisite analizinde ise %85,96 canlilik tespit edilmistir.
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Sekil 5. Antijen ve adjuvan (10 pg/ml) kombinasyonlarinin THP-1 makrofaj hatti
izerinde immiinostimiilan etkinligi ve sitotoksisite analizi.

AGS mide kanseri hiicre hattindan dondurma-¢ézdiirme yontemi ile hazirlanan
antijenlerin ve adjuvan (10 pg/ml) kombinasyonunun THP-1 makrofaj hiicre kiiltiirii
sisteminde immiinostimiilan etkinligi ve sitotoksisite analizi Sekil 5’te gosterilmistir.
Yapilan calismada AGS hiicre hattindan elde edilen antijenlerin, en yiiksek
immiinostimiilan etkinligi 40 pg/ml konsantrasyonda gdstermistir. AGS hiicre hattindan
elde edilen antijenlerin 40 pg/ml konsantrasyonda makrofajlarla muamelesinden elde
edilen en yiiksek immiinostimiilan etkinlik 6,977 nmol/ml’dir. Sitotoksisite analizinde ise
%91,16 canlilik tespit edilmistir. Yapilan ¢alismada 10 pg/ml Freund’s ve Incomplete
Freund’s adjuvanlarinin antijenler ile kombinasyonlarinin THP-1 makrofaj hiicre kiiltiirii
sisteminde immiinostimiilan etkinligi de incelenmistir. 40 pg/ml antijen-10 pg/ml
Freund’s adjuvan kombinasyonunun makrofajlarla muamelesinden elde edilen en yiiksek
immiinostimiilan etkinlik 8,605 nmol/ml’dir. Sitotoksisite analizinde ise %84,73 canlilik
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tespit edilmistir. 40 pg/ml antijen-10 pg/ml Incomplete Freund’s adjuvan
kombinasyonunun makrofajlarla muamelesinden elde edilen en yiliksek immiinostimiilan
etkinlik 8,333 nmol/ml’dir. Sitotoksisite analizinde ise %85,16 canlilik tespit edilmistir.
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Sekil 6. Antijen ve adjuvan (40 pg/ml) kombinasyonlarinin THP-1 makrofaj hatt1
iizerinde immiinostimiilan etkinligi ve sitotoksisite analizi.

AGS mide kanseri hiicre hattindan dondurma-¢ézdiirme yontemi ile hazirlanan
antijenlerin ve adjuvan (40 pg/ml) kombinasyonunun THP-1 makfofaj hiicre kiiltiirii
sisteminde immiinostimiilan etkinligi ve sitotoksisite analizi Sekil 6’de gosterilmistir.
Yapilan ¢alismada 40 pg/ml Freund’s ve Incomplete Freund’s adjuvanlarinin antijenler
ile kombinasyonlarinin THP-1 makrofaj hiicre kiiltiirii sisteminde immiinostimiilan
etkinligi incelenmistir. 40 pg/ml antijen-40 pg/ml  Freund’s adjuvam ile
kombinasyonunun makrofajlarla muamelesinden elde edilen en yiiksek immiinostimiilan
etkinlik 9,341 nmol/ml’dir. Sitotoksisite analizinde ise %83,01 canlilik tespit edilmistir.
40 pg/ml antijen-40 pg/ml Incomplete Freund’s adjuvan kombinasyonunun makrofajlarla
muamelesinden elde edilen en yiiksek immiinostimiilan etkinlik 8,837 nmol/ml’dir.
Sitotoksisite analizinde ise %85,12 canlilik tespit edilmistir.
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Kanser, hiicrelerin kontrolsiiz ¢ogalmasi sonucu olusan bir hastaliktir. Kanser tek bir
organa etki edebildigi gibi metastaz yaparak farkli organlara da yayilabilir. Farkli kanser
tiirleri olmakla birlikte mide kanseri, diinyada en sik goriilen kanserlerden biridir. Mide
kanseri, mide duvarinda veya 6zofagusdaki mutasyonlar sonucu ile olusabilmektedir.
Mide kanseri tedavisinde cerrahi tedavi, kemoterapi, radyoterapi, gen terapisi,
immiinoterapi ve hedeflendirilmis terapiler gibi tedavi yontemleri kullanilmaktadir. Bu
tedavi yontemleri tek basina efektif bir sonu¢ vermedigi i¢in destekleyici tedaviler
kullanilmaktadir [15].

Kanser tedavilerinde etkili ila¢ formiilasyonlar1 olsa da hastaligin eradikasyonu asilama
yoluyla gerceklestirilebilir. Asilar, hastalik kontrolii i¢in uzun vadeli ¢ozlimler
sunmaktadir. Bu ¢alismada AGS mide kanseri hiicre hattindan elde edilen ¢6ziiniir mide
kanseri antijenleri, giivenli ve ucuz olma avantaji sundugundan dolay1 as1 aday1 olarak
secilmistir. Ayrica etkili bir as1 gelistirmek i¢in mide kanserine karsi uzun siireli
bagisiklik olusturabilecek uygun bir adjuvan se¢imi gerekmektedir. Uygun adjuvan, mide
kanserine kars1 giiclii bir bagisiklik tepkisi olusturmasiyla immiinojeniteyi de
arttiracaktir. Bu nedenle, adjuvanlar, uzun siireli koruyucu bagisiklik tepkisi veren hem
dogal hem de adaptif bagisiklik tepkilerini uyarabildigi ve yonlendirebildigi igin antijen
formiilasyonlarinin olusturulmasinda 6nemlidir.

Bu c¢alismada Freund’s adjuvani gesitleri, mide kanserinin dondurma-¢ézdiirme yontemi
ile elde edilmis antijenleri ile mide kanserine kars1 as1 formiilasyonlarini gelistirmek i¢in
formiilize edilmistir. As1 formiilasyonlarinin J774 ve THP-1 makrofaj ve L929 fibroblast
hiicrelerinde immiinostiimiilan aktiviteleri degerlendirilmistir. Gergeklestirilen in vitro
calismalarda nitrik oksit deneyleri ve canlilik analizleri gerceklestirilmistir. Elde edilen
sonuclarda kontrol grubuna gore dondurma-¢ozdiirme antijeninin tek basina
immiinostimiilan etkinliginin az da olsa yiiksek oldugu belirlenmistir. Antijen-adjuvan
formiilasyonlarinin ise kontrol gruplarina gore immiinostimiilan etkinligini 1,5 kat
arttirdig1 belirlenmistir. Adjuvan gruplar1 arasinda ise Freund’s adjuvaninin Incomplete
Freund’s adjuvanina gore immiinostimiilan etkinliginin daha yiiksek oldugu
belirlenmistir. Bu bilgiler 1s181nda en 1iyi as1 aday1 olma potansiyeli olan formiilasyonun
40 pg/ml antijen-10 pg/ml Freund’s adjuvani kombinasyonu oldugu belirlenmistir. Bu
tir antijen-adjuvan kombinasyonlari, koruyucu bagisikligi indiikleme yetenekleri ile
etkili ve ucuz oldugundan ileriye doniik bir mide kanserine kars1 as1 adayi olarak ortaya
cikabilir.
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Abstract

This study was designed to determine the antioxidant and enzyme inhibitory activities of
methanol extracts of different parts (aerial and bulb) of Ornithogalum nutans as well as
to investigate the total phenolic and flavonoid amounts. While the total phenolic content
of the extracts varied between 1.43+0.01/3.05+0.04 mg GAE/g of extract equivalent, the
total flavonoid amount varied between 0.33+0.01/1.79+0.02 mg QE/g. Antioxidant
activities were determined by DPPH, ABTS, [3-Carotene/Linoleic acid, CUPRAC, and
FRAP methods. The antioxidant activity studies determined that the aerial methanol
extract exhibited a higher activity than the bulb. Acetylcholinesterase and tyrosinase
enzyme inhibitory activities of the extracts were determined, and the extracts showed
lower activity than galantamine (89.41%0.05 %) and kojic acid (89.41%0.05 %) used as
standard. The results reveal the potential of O. nutans extracts to be used in
pharmacological studies in the pharmaceutical and food industries.
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Ornithogalum nutans L. Metanol ekstraktlarinin antioksidan,
enzim inhibitor Etkileri, total sekonder metabolit miktar tayininin
arastirilmasi

Oz

Bu ¢alisma Ornithogalum nutans tiriiniin farkly kissmlarinin (vertistii ve yeraltt) metanol
ekstraktlarinin antioksidan ve enzim inhibitor aktivitelerinin belirlenmesinin yani sira
total fenolik ve flavonoid miktarlarimin arastiriimast igin tasarlanmistir. Ekstraktlarin
total fenolik miktar: 71.43+0.01/3.05+0.04 mg GAE/g ekstrakt esdegeri arasinda
degisirken, total flavonoid miktari ise 0.33£0.01/1.79+0.02 mg QF/g arasinda
degismektedir. Antioksidan aktiviteleri DPPH, ABTS, f3-Karoten/Linoleik asit, CUPRAC
ve FRAP yontemleri ile belirlemistir. Yapilan antioksidan aktivite ¢calismalarinda yeriistii
metanol ekstraktinin, yeraltina gére daha yiiksek bir aktivite sergiledigi tespit edilmistir.
Ekstraktlarin asetilkolinesteraz ve tirozinaz enzim inhibitor aktiviteleri belirlenmistir ve
ekstraktlarin standart olarak kullamilan galantamin (89.41+0.05 %) ve kojik asite
(89.41+£0.05 %) gore daha diisiik bir aktivite sergilemiglerdir. Sonuglar, O. nutans
ekstraktlarinin farmakolojik ¢alismalarda ilag¢ ve gida endiistrilerinde kullanilabilme
potansiyellerini ortaya koymaktadur.

Anahtar kelimeler: Ornithogalum nutans, antioksidan, asetilkolinesteraz, tirozinaz,
sekonder metabolit

1. Introduction

Turkey, which hosts plant species with different anatomical and morphological
characteristics, is a floristic country with high plant biodiversity. The reason why the
plant biodiversity is so high is due to the differences in altitude, climate, and habitat
diversity, as well as the intersection of three phytogeographic regions. It is known that
there are more than 12.000 plant taxa in Turkey, which hosts more than 3000 endemic
species [1-3]. With the use of natural medicinal products that are used in traditional
medicine and have a rich biodiversity, new therapeutic targets have been provided for
many diseases in the scientific world [4]. The fact that plants are used by traditional
healers for various medicinal purposes, while various species cause poisoning to farm
animals, indicates that more scientific research is needed on the chemical composition of
the compounds isolated from these plants, the dosage to be used, the toxicity and possible
biological activities [5]. Secondary metabolites are organic compounds produced by
microorganisms or plants that are not directly involved in the growth, development, and
reproduction of the organism. Secondary metabolites with bioactive properties are used
especially in the fields of medicine and pharmacy. Production of secondary metabolites
depends on meteorological conditions, geographical location, and growing conditions,
and many plants can only grow and mature in certain seasons [6-7]. These metabolites
have different biological activities such as anti-inflammatory, antioxidant, antihelminthic,
larvacidal, anticancer, antimicrobial, anti-mutagenic, wound healing, and anti-tumor [8].
Oxidative stress, by definition, is the disorganization of the redox balance with an increase
in the level of ROS in the cell. Redox homeostasis must be balanced, as excessive
oxidation and reduction of cells can have harmful consequences. For this purpose,
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compounds that provide antioxidant activity in plants are abundant. Although antioxidant
activity is undoubtedly found in all plants, it may differ from species to species.
Antioxidants are molecules that can eliminate free radical reactions, prevent cell damage,
and delay oxidation at a lower concentration than the oxidized substrate. The most
common antioxidants investigated in plants are ascorbate, glutathione, phenols,
tocopherols, and carotenoids [9]. Geophyte is a plant species that is resistant to adverse
climatic and environmental conditions since it has bulb organs such as onions, tubers, and
rhizomes in the plant structure [10]. Ornithogalum L. (Liliaceae) genus belongs to the
Asparagaceae family and is a geophyte plant that generally grows near South Africa and
the Mediterranean and includes more than 140 species around the world. The
Asparagaceae family, whose general distribution is in South America, Europe, Africa,
and Asia, is a bulbous plant community consisting of approximately 41-70 genera and
770-1000 species. The most well-known genus in Asparagaceae is Ornithogalum, a
subspecies of Ornithogaleae with 280 species, which is also widely distributed in Anatolia
and Asia. There are 42 species of this genus in Turkey, and according to research, 17 of
them are defined as endemic to Turkey [11-12]. While Ornithogalum L. is used as a
medicinal plant in traditional medicine, it can also be used for commercial purposes in
the ornamental plant or cut flower sector with its interesting white color [13]. In a study,
the toxicity (brine shrimp lethality test) and anthelmintic (Tubifex tubifex) activities of the
aerial and bulb methanol extracts of Ornithogalum nutans L. were investigated. O. nutans
showed high anthelmintic activity in aerial parts. In addition, they found the lowest
toxicity against Artemia salina in the aerial extract [14]. In this study, antioxidant (DPPH,
ABTS, B-carotene CUPRAC, and FRAP) and enzyme inhibitory activity
(Acetylcholinesterase, and Tyrosinase), as well as total substance amount (Phenolic, and
Flavonoid) of O. nutans aerial and bulb methanol extracts were determined.

2. Material and methods

2.1. Chemicals

DPPH, ABTS, Trolox, BHA, Sodium carbonate, TPTZ, Sodium acetate, Neocuproine,
Folin-Ciocalteu, gallic acid, Ammonium acetate, and quercetin were obtained from
Sigma-Aldrich (USA).

2.2. Plant material and extract preparation

Ornithogalum nutans species were collected from Babadag district of Denizli in 2021
and were diagnosed by Prof. Dr. Olcay DUSEN (HERBARIUM NO: 2010000003688).
The collected plant samples were dried and cut into small pieces with a blender. Then, 20
g of samples were weighed into Erlenmeyer bottles and 100 mL of methanol was added.
Afterwards, the Erlenmeyer bottle was kept in a shaking incubator at 50 © C for 6 hours,
and after this procedure, it was filtered into a balloon jug with the help of blotting paper.
Then the solvent was added again and left for another 6 hours. After the filtration process
was completed, the filtered samples were taken to the rotary evaporator (Heindolph
LABOROTA 4011) to remove the solvent. In order to remove the water in the samples,
they were kept in a lyophilizer (Thermo Savant) at -54 °C for 8 hours. After the
lyophilization process, the samples were scraped from Petri dishes with the help of a
spatula and transferred to glass bottles. The samples were stored at -20 °C until they were
used during the experiment [15].
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2.3. Determination of antioxidant activity

2.3.1 DPPH free radical scavenging activity

Extract solutions of different concentrations (0.2 mg/mL, 0.4 mg/mL, 0.8 mg/mL, 1.0
mg/mL) were added to 4 mL of DPPH (2,2-Diphenyl-1-Picryl hydrazil) (0,004%)
solutions and incubated for 30 minutes at room temperature. After incubation, absorbance
measurement was taken at 517 nm. Calculated 1Cso (half the maximum inhibitory
concentration) values of each extract were determined [15].

2.3.2 ABTS free radical scavenging activity

Extract solutions of different concentrations were added to 4.5 mL ABTS (2,2’-Azino-
bis(3-ethylbenzothiazoline-6-sulfonic acid) solution and incubated for 30 minutes at
room temperature. After incubation, the absorbance at 734 nm was measured and the ICso
value was calculated [16].

2.3.3 Determination of total antioxidant Activity by ff-carotene/linoleic acid method
24 mL of B-carotene/linoleic acid solution was added to 1 mL of the extract solution and
the initial absorbance at 470 nm was measured. It was then incubated at 50 °C for two
hours. After incubation, the absorbance was measured at 470 nm and the total antioxidant
activity (%AA) was calculated using the formula below [17].

% AA =[1- (Aso-Ako) /(As120-Ak120)]x 100
Aso is the absorbance of the sample at minute 0, Ao is the absorbance of the control at
minute 0, Asi20is the absorbance of the sample at minute 120, and Ak12o is the absorbance
of the control at minute 120.

2.3.4 CUPRAC (copper ion reducing power) method

After adding 0.5 mL of the extract solution (1 mg/mL) dissolved in its solvent, onto 3 mL
of CUPRAC solution (1 mL CuCly, 1 mL Neocuproine, 1 mL ammonium acetate), it was
left to incubate at room temperature for 30 minutes. It was measured at 450 nm after
incubation. For the trolox equivalent (mg TE/g extract) results, the formula y=0.078-
0.0029 (R?=0.992) was used [18].

2.3.5 FRAP (Fe*? ion reducing power) assay

The extract solution was added to 2 mL of FRAP reagent solution (3.6 pH, 0.3 M acetate
buffer, 10 mM TPTZ, and 20 mM FeCl3) and incubated for 30 minutes at room
temperature. After incubation, absorbance was measured at 595 nm. For the trolox
equivalent (mg TE/g extract) results, the formula y=0.336-0.038 (R?=0,9986) was used
[19].

2.4. Determination of enzyme inhibitory activity
2.4.1 Acetylcholinesterase
It is based on the formation of a yellow-colored chromophore TNB (5-thio-2-nitrobenzoic
acid) from the reaction of thiocholine with acetylcholinesterase hydrolysis of
acetylthiocholine with DTNB (5,5-dithio-bis-2-nitrobenzoic acid). The resulting TNB is
directly proportional to the AChE activity at 405 nm. 125 uL of DTNB reagent (0.3 mM)
and 25 pL of anticholine esterase (0.026 U/mL) enzyme solution were mixed onto 50 pL.
(1 mg/mL) extract solution and incubated at 25 °C for 15 minutes. To initiate the reaction,
25 pL of acetylthiocholine iodide (ATCI) substrate (1.5 mM) was added and incubated
at 25 °C for 10 minutes. After incubation, the absorbance value at 405 nm was measured
and the % inhibition (AA) was calculated using the following formula [20].

% AA = [(Ac—As) /A«] x 100
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Ax is the absorbance value of the control and As is the absorbance value of the extract.

2.4.2 Tyrosinase
Tyrosinase inhibitor activity will be carried out using L-DOPA as a substrate. 40 uL of
extract solution was taken from 120 uL of phosphate buffer (20 mM pH: 6.8 phosphate
buffer) and 20 puL of tyrosinase enzyme (480 U/mL) solution, mixed and incubated at 25
°C for 15 minutes. After incubation, 20 pL of L-DOPA (2.5 mM) was added and
incubated at 25 °C for another 10 minutes. After incubation, absorbance values were
measured at 492 nm and % inhibition (AA) values were calculated using the following
formula [21].

% AA = [(Ax—As) /Ak] x 100
A is the absorbance value of the control and As is the absorbance value of the extract.

2.5. Quantification analysis of extracts

2.5.1 Determination of total phenolic content

1 mL of FCR (Folin- ciaocelteu Reagent) and 46 mL of distilled water were added to the
extract solution and kept at room temperature for 3 minutes. Afterward, 3 mL of Na2CO3
solution was added and incubated at room temperature for two hours. After incubation,
its absorbance was measured at 760 nm. For the gallic acid equivalent (mg GAE/g extract)
results, the formula y=0.0033-0.0002 (R?=0.9826) was used [22].

2.5.2 Determination of total flavonoid content

After adding 0.2 mL of sodium acetate, 1 mL of aluminum chloride, and 5.6 mL of
distilled water to the extract solution, it was incubated at room temperature for 30
minutes. After incubation, its absorbance was measured at 415 nm. For the quercetin
equivalent (mg QE/g extract) results, the formula y=0,0737+0,0369 (R?=0,997) was used
[23].

2.6. Statistical analysis

All assays were performed in 3 replicates. The mean + standard error was analyzed with
Microsoft Excel. In studies conducted to determine free radical scavenging activity, the
ICso value was calculated using the Minitab 16 statistical program.

3. Results and discussion

Due to the search for new resources in the pharmaceutical industry, modern science is
investigating all possible origins. The potential antioxidant activities of natural products
have been a source of interest for researchers due to their use as additives and
preservatives in food, medicine, and cosmetics [24]. Antioxidant activities of aerial and
bulb methanol extracts obtained from O. nutans species were determined using DPPH,
ABTS, B-carotene/linoleic acid, CUPRAC, and FRAP methods (Table 1). DPPH and
ABTS free radical scavenging activities were determined by calculating ICso values. A
low ICso value indicates high radical scavenging activity. Both methods showed higher
activity than the standard BHA extracts. The aerial part extract (1.82+0.126/0.32+0.007
mg/mL, I1Cso, respectively) showed higher scavenging activity in both methods than the
bulb extract. In terms of % inhibition values of the extracts, it is lower than standard BHA
(94.98+0.70 %). However, it was determined that the aerial extract (50.00+1.24 %)
exhibited a higher % inhibition than the bulb extract (36.67+2.30 %). CUPRAC of the
extract were calculated as trolox equivalent. The aerial extract (4.59+0.03/0.78+0.04 mg
TE/q, respectively) was determined to have a higher reducing power capacity.
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Table 1. Antioxidant activity of bulb and aerial methanol extract of O. nutans

DPPH ABTS _ B-c_arote_ne/ FRAP CUPRAC
Solvent/Assay (ICso, mg/mL)  (ICso, mg/mL) linoleic acid (%) (mg TE/g) (mg TE/Q)

Bulb 2.11+0.004 0.83+0.007 36.67+£2.30 0.38+0.01 1.10+£0.02
Aerial 1.82+0.126 0.32+0.007 50.00+1.24 0.78+0.04 4.59+0.03
BHA 0.01+0.02 0.019+0.001 94.98+0.70 - -

In a study, DPPH and ABTS free radical scavenging activities of O. lanceolatum
ethanolic (80%) extract were investigated. They determined that the aerial extract
(12.53+0.03/11.08+0.01 mg/mL, ICsp, respectively) exhibited higher antioxidant activity
than the bulb extract [25]. Aydin (2020) determined that the total antioxidant capacity of
the extract obtained from the root and flower parts of O. umbelletum was the highest at
105.50+£0.025 ug AAE/mL [26]. Renda et al. (2018) [27] determined in their study that
the extract obtained from the aerial parts of O. orthophyllum exhibited higher free radical
scavenging activity than other extracts. In a study, O. sintenisii revealed that the free
radical scavenging activities of aerial and bulb methanol extracts were 368 + 15 pg/mL,
ICs0 and 669 + 25 pug/mL, ICso, respectively [28]. Zengin et al. (2015) [29] investigated
the antioxidant activities of the extracts obtained from different parts of O. narbonense
with three different solvents in their study. They revealed that the bulb ethyl acetate
extract exhibited the highest antioxidant activity for most studies. In a study, the
antioxidant activities of O. sigmoideum hexane, ethanol, and water extracts were
determined by CUPRAC and ABTS experiments. The highest free radical scavenging
activity was observed in the water extract (106.01 £ 0.42 pg/mL, ICsp). They determined
that the highest activity in terms of copper-reducing power capacity was in the ethanol
extract (190.03 £ 0.04 pg/mL, Aoso) [30]. In a study, the antioxidant activity (3-carotene,
DPPH) of O. alpigenum aerial and bulb methanol, ethanol, acetone, and benzene extracts
was investigated. Methanol extracts (88.12 + 0.9 %) exhibited high activity [31]. Taskin
etal., (2021) [32] investigated the antioxidant activity (DPPH, ABTS, FRAP, CUPRAC)
of O. orthophyllum extracts obtained with different solvents in their study. The aerial
methanol extract has high antioxidant activity. Our study is supported by other studies in
the literature.

Table 2. Acetylcholinesterase enzyme inhibitory activity of the extracts

Plant/Standart

25 pg/mL 50 pg/mL 100 pg/mL 200 pg/mL
Bulb 11.25+0.10 20.31+0.18 34.73+£0.32 48.67+0.70
Aerial - - 12.55+0.25 21.45+0.17
Galantamine 73.09+0.05 79.08+0.47 84.76+0.08 89.41+0.05
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Acetylcholinesterase and tyrosinase enzyme inhibitory activities of the extracts were
determined (Table 2 and Table 3). In enzyme inhibitor studies, the % inhibition value
increases depending on the increase in concentration. Aerial and bulb extracts showed
lower % inhibition compared to galantamine (89.41+0.05 %) and kojic acid
(73.93+0.10%) used in the studies. The bulb extract (48.67+0.70 %) showed higher
acetylcholinesterase enzyme inhibition activity than the aerial extract (21.45+0.17 %). At
low concentrations of tyrosinase enzyme inhibition activity, both extracts didn’t exhibit
an inhibitory activity. The aerial extract (25.54+0.40 %) exhibited a higher tyrosinase
enzyme inhibitory activity than the bulb (21.47+0.31 %) extract.

Table 3. Tyrosinase enzyme inhibitory activity of the extracts
Plant/Standart

25 pg/mL 50 pg/mL 100 pg/mL 200 pg/mL
Bulb - - 12.66+0.20 21.47+0.31
Aerial - - 14.80+0.27 25.54+0.40
Kojic acid 45.52+0.14 54.81+0.17 61.73+0.05 73.93+0.10

In a study, the tyrosinase enzyme inhibitory activity of O. narbonense extracts was
determined. Bulb ethyl acetate extract (33.88 mg KAEs/g extract) showed the highest
activity, followed by root (21.46 mg KAEs/g extract) and seed ethyl acetate (15.78 mg
KAEs/g extract) extract [29]. Kurt et al., (2018) [30] investigated the acetylcholinesterase
(AChE) and butyrylcholinesterase (BChE) enzyme inhibitory activities of O. sigmoideum
extracts prepared with three different solvents (hexane, ethanol, water). In the studies,
ethanol (154.01 £ 0.93 pg/mL, ICso) and hexane (40.85 + 0.68 pg/mL, ICso) extract
showed the highest activity, respectively. In a study, urease, and acetylcholinesterase
enzyme inhibitory activities of O. orthophyllum extracts obtained with three different
solvents were determined. Petroleum ether (0.038+0.019 mg/mL, ICsp) extract showed
the highest urease inhibitory activity. The methanol extract (0.019+0.008 mg/mL, ICsp)
showed the highest AChE inhibitory activity [32].

Total phenolic and flavonoid amounts of the methanol extracts of O. nutans species
obtained from bulb and aerial were determined (Table 4).

Table 4. Total phenolic and flavonoid amount of bulb and aerial methanol extract of O.
nutans species

Plant/Assay Total Phenolic (mg GAE/gQ) Total Flavonoid (mg QE/qg)
Bulb 1,43+0,01 0,33+0,01
Aerial 3,05+0,04 1,79+0,02

The amounts of phenolic substances were found as gallic acid equivalents. The total
flavonoid amount was determined as quercetin equivalent. While the total phenolic
content of the extracts ranged between 1.43+0.01/3.05£0.04 mg GAE/g extract
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equivalent, the total flavonoid amount varied between 0.33+0.01/1.794+0.02 mg QE/g. In
a study, the total phenolic and flavonoid content of O. lanceolatum ethanolic (80 %)
extract obtained from bulb and aerial was investigated. They found that the aerial extract
contained higher phenolics (835+79 mg GAE/100 g) and flavonoids (88691 mg QE/100
g) [25]. In a study, they determined the total phenolic and flavonoid amounts of the
methanol extract (80%) obtained from the shoot of O. narbonense as 173.26 +13.5 ug/mL
gallic acid and 22.13+0.9 pg/mL quercetin equivalent, respectively [33]. In their study,
they determined that the total phenolic content of the extract obtained from the root and
flower parts of O. umbelletum was 19.26+0.001 pg GAE/mL, and 18.96+0.001 pg
GAE/mL, respectively [26]. Renda et al. (2018) [27] determined the total phenolic content
of three different Ornithogalum L. species in a study they conducted. They revealed that
the aerial extract of O. orthophyllum (11.0 mg GAE/g extract) had the highest phenolic
content. In a study, the total phenolic content of ethyl acetate, methanol, and water
extracts obtained from stems, bulbs, and seeds was determined. It was determined that
the highest content was in the bulb ethyl acetate extract (21.05 mg GAEs/g extract) [29].
The aerial extract has a higher amount of substance than the bulb extract. There is a
positive correlation between phenolic compounds and antioxidant activity [34-35].
Phenolic compounds can quench radicals because they contain one or more hydroxyl
groups in their structure. However, the amount of phenolic does not directly affect
antioxidant activity. Flavonoids are secondary metabolites that can show different
antioxidant properties depending on the location of the hydroxyl groups in their structures
[36-37]. Different properties of the material, such as chemical or physical, whose
antioxidant activity is determined, may also have an effect. Within the scope of the study,
there is a positive correlation between the total phenolic content of bulb and aerial extracts
and their antioxidant activities.

4. Conclusion

The antioxidant and enzyme inhibitory activities of the aerial and bulb methanol extracts
of O. nutans, as well as the total phenolic and flavonoid amounts were evaluated. There
is a correlation between the total phenolic and flavonoid amounts and the higher
antioxidant activity of the aerial extract than the bulb extract. O. nutans revealed that
surface and underground methanol extracts are species that can be evaluated in future
pharmacological studies due to their antioxidant and enzyme inhibitory activities. This
study will contribute to the literature for the next detailed molecular biological studies.
This study will contribute to future literature studies.
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Abstract

This study aims to provide a comprehensive checklist of marine harpacticoid copepod
species found in Turkish coastal waters. The study encompasses a detailed list comprising
247 species/subspecies, 34 families, and 113 genera. Families with the highest number
of species are Miraciidae (43 species), Ameiridae (37 species), Laophontidae (31
species), Ectinosomatidae (23 species), and Paramesochridae (12 species). The
remaining families contain fewer than 10 species each. The distribution of species and
genera highlights the Aegean Sea as the most diverse, hosting 195 species/subspecies. It
is followed by the Sea of Marmara (107 species), the Mediterranean (43 species), and the
Black Sea (30 species). Notably, five species including Canuella perplexa, Ectinosoma
melaniceps, Eoschizopera (Praeoschizopera) gligici, Euterpina acutifrons, and
Microsetella rosea are recorded across all four seas of Tiirkiye. In conclusion, this study
presents a resource that could contribute to faunistic and ecological studies aiming to
comprehend marine harpacticoid diversity along Turkish coasts.

Keywords: Taxonomy, biodiversity, copepoda, meiofauna

Tiirkiye kiy1 sular1 denizel harpaktikoidlerinin kapsamli kontrol
listesi ve dagilim analizi

Oz

Bu ¢alisma, Tiirkiye kit sularinda bulunan denizel harpaktikoid kopepod tiirlerinin
kapsamli bir kontrol listesini saglamayr amaglamaktadr. Calisma, 247 tiir/alt tiir, 34
familya ve 113 cinsten olusan ayrintiuli bir liste icermektedir. En fazla tiir iceren
familyalar Miraciidae (43 tiir), Ameiridae (37 tiir), Laophontidae (31 tiir),
Ectinosomatidae (23 tiir) ve Paramesochridae'dir (12 tiir). Kalan familyalarin her biri
10'dan az tiir icerir. Tiirlerin ve cinslerin dagilimi, 195 tiir/alt tiir barindiran Ege
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Denizi'nin en ¢esitli oldugunu gostermektedir. Bunu Marmara Denizi (107 tiir), Akdeniz
(43 tiir) ve Karadeniz (30 tiir) izlemektedir. Tiirkiye'nin dort denizinde Canuella perplexa,
Ectinosoma melaniceps, Eoschizopera (Praeoschizopera) gligici, Euterpina acutifrons
ve Microsetella rosea olmak iizere bes tiir kayda degerdir. Sonu¢ olarak bu ¢alisma,
Tiirkiye kyilarindaki denizel harpaktikoid cesitliligini anlamaya yénelik faunistik ve
ekolojik ¢alismalara katki saglayabilecek bir kaynak sunmaktadir.

Anahtar kelimeler: Taksonomi, biyogesitlilik, kopepoda, mayofauna

1. Introduction

Faunal checklists play a role in facilitating taxonomic studies by offering up to date data.
These data include the latest and most precise scientific nomenclature for organisms
within the targeted taxonomic group. Additionally, they encompass a comprehensive
evaluation of the undertaken research thus far. Moreover, these checklists often
encompass tools for identification, such as identification keys [1], accompanied by a
variety of photographs [2] and illustrations [3] designed to simplify the identification
process. These resources are further enriched with novel findings [4] and taxonomic
revisions [5].

The main purpose of most checklists is to compile an inventory of species belonging to
the focal organism group within a specific geographic region [6-10]. This attempt fosters
a deeper comprehension of ecological dynamics [11] and extends support to the
foundational framework essential for conservation biology research. Therefore,
establishing comprehensive faunal checklists assumes paramount importance in
strategizing species conservation initiatives at local and regional scales [12].

Copepods are a group of micro-crustaceans that live abundant in aquatic ecosystems,
encompassing free-living, parasitic, and symbiotic forms in association with various
organisms.  Among the free-living copepods, the order Harpacticoida assumes
prominence in marine benthic habitats, showcasing a remarkable array of body
adaptations modified for diverse environmental conditions [13]. Notably, Wells [5]
provided an identification key detailing around 4400 harpacticoid species, encompassing
671 genera within 58 families. Subsequently, Ahyong et al., [14] observed a significant
growth in taxonomic richness, reporting approximately 6000 harpacticoid species
distributed across 645 genera within 59 families in their investigation conducted five
years later.

Faunistic studies of marine harpacticoids along the coasts of Tiirkiye have primarily
focused on specific regions e. g., [6-10, 15]. The primary aim of these studies is to
elucidate the diversity of harpacticoids inhabiting these areas. These investigations yield
valuable materials that contribute not only to identifying new records along the Turkish
coastlines [8, 10] but also to the description of novel species [16, 17]. In addition to
faunistic studies, taxonomic revisions have been undertaken concerning marine
harpacticoids in Tirkiye [18, 19], encompassing redescriptions of previously
characterized species [20, 21]. Also, ecological investigations along the Turkish coasts
have furnished insights into the ecological attributes of harpacticoid copepods [22, 23].
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Apart from these diverse studies, a singular checklist study has embraced the marine
harpacticoids of Tiirkiye [24]. This comprehensive effort documented a total of 146
harpacticoid species/subspecies distributed along the Turkish coasts. Subsequent to 2014,
a plethora of new articles has surfaced, contributing over a hundred novel records to the
Turkish faunal compilation. Furthermore, taxonomic revisions have prompted updates to
the systematic classification of species documented in earlier studies. Consequently, an
updated checklist of Turkish marine harpacticoids emerges as a relevant effort aimed at
enhancing our understanding of the local biodiversity.

2. Materials and methods

2.1 Data collection

Data compilation encompassed a comprehensive review of 52 previously published
articles centred on marine harpacticoids in Tiirkiye. These articles were meticulously
obtained and categorized based on their primary focus. Fourteen of these studies
contributed to faunistic insights [6-10, 15, 25-32], while thirteen studies were dedicated
to the description of novel species from Turkish waters [16-18, 33-42]. Four studies were
dedicated to revisions [19, 43-45], two for redescriptions [20, 21] and two explored
ecological dimensions [22, 23].

In Table 1, species are accurately arranged in alphabetical order within the taxonomic
hierarchy. Corresponding seas where these species were identified are documented in the
adjacent column. The final column provides the relevant reference for each species.
Notably, this checklist exclusively features species-level records from the pertinent
literature, thereby omitting genus-level entries.

2.2 Data analysis

Tiirkiye's coasts are surrounded by four distinct seas: the Black Sea, the Sea of Marmara,
the Aegean Sea, and the Mediterranean Sea. To acquire knowledge about the distribution
patterns of marine harpacticoids in Tiirkiye, illustrative pie, and column charts, depicting
the species count within these seas, have been incorporated.

3. Results

The checklist comprises 247 marine harpacticoid copepod species/subspecies,
encompassing 34 families and 113 genera (Table 1). In terms of genera, the family
Miraciidae was found to be the most diverse group (20 genera), followed by Ameiridae
(14 genera), Laophontidae (10 genera), Ectinosomatidae (9 genera), Leptastacidae (7
genera), Paramesochridae (6 genera), Parastenheliidae (4 genera), Arenopontiidae,
Canthocamptidae, Dactylopusiidae, Peltidiidae, Tetragonicipitidae, Thalestridae, and
Tisbidae (3 genera each). Moreover, Cletodidae and Idyanthidae encompass 2 genera
each, while the remaining families are represented by only 1 genus.

In terms of species diversity (Fig. 1), the family Miraciidae maintains its distinction as
the most diverse family, housing 43 species/subspecies. Following this, Ameiridae
presents 37 species/subspecies, Laophontidae accounts for 31 species/subspecies, and
Ectinosomatidae records 23 species. The remaining families contain fewer than 10
species/subspecies each. Among genera, Ameira exhibits the highest diversity with 9
species/subspecies, succeeded by Harpacticus (8 species), Laophonte and Nitokra (7
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species each), Heterolaophonte, Sarsamphiascus, and Phyllopodopsyllus (6 species
each). The remaining genera encompass 4 or fewer species/subspecies.

Table 1. Checklist of marine harpacticoid copepods of Tiirkiye: key references; AS:
Aegean Sea; SM: Sea of Marmara; BS: Black Sea; MS: Mediterranean Sea.

Group/Species Locality References
HARPACTICOIDA (Order) - -
AMEIRIDAE Boeck, 1865 - -
Ameira aff. spinipes Nicholls, 1939 AS [23]

Ameira atlantica mediterranea Kunz, 1975 AS, SM [9, 10]

Ameira atlantica Noodt, 1958 AS [7,8]

Ameira divagans Nicholls, 1939 SM [9]

Ameira longipes Boeck, 1865 AS, SM [6]

Ameira minuta Boeck, 1865 AS [10]

Ameira parvula (Claus, 1866) AS, SM, BS [6-10, 15, 22, 23]
Ameira reducta Petkovski, 1954 AS, SM [9]

Ameira tenuicornis Scott T., 1902 AS [8, 32]
Ameiropsis reducta Apostolov, 1973 AS [7,10]
Filexilia attenuata (Thompson I.C., 1893) AS [6, 10]
Filexilia brevipes (Kunz, 1954) AS [9, 10, 23]
Filexilia intermedia (Galhano, 1970) MS [9]

Filexilia marinovi Conroy-Dalton & Huys, 1997 AS, SM [8-10, 23]
Interleptomesochra attenuata (Scott A., 1896) AS [6]
Leptomesochra eulitoralis Noodt, 1952 AS [10, 23]
Leptomesochra infima Monard, 1928 AS [32]

Nitokra affinis Gurney, 1927 AS, SM [7,9,10]
Nitokra cari Petkovski, 1954 AS, SM [9, 23]

Nitokra hibernica (Brady, 1880) MS [46]

Nitokra pontica Jakubisiak, 1938 AS [10]

Nitokra sewelli Gurney, 1927 AS [9]

Nitokra spinipes Boeck, 1865 AS, SM [6, 10, 15]
Nitokra typica Boeck, 1865 AS, SM [8-10, 23]
Parevansula elegans (Marinov, 1974) AS [7]
Parevansula mediterranea Guille & Soyer, 1966 AS [10]
Proameira psammophila Wells, 1963 AS [23]
Pseudameira breviseta Klie, 1950 AS [9, 32]
Pseudoameiropsis suphankaraytugi Sénmez, 2019 MS [41]
Pseudoleptomesochrella halophila (Noodt, 1952) AS, SM, BS [9, 10, 20, 23]
Pseudoleptomesochrella marina (Chappuis & Rouch, AS [32]
Iizslllgcamptus eridani Ceccherelli, 1988 AS, SM [8-10, 32]
Psyllocamptus minutus Sars G.O., 1911 SM [6, 10, 15]
Psyllocamptus propinquus (Scott T., 1895) AS [8]
Psyllocamptus tahuesensis Gémez, 2002 AS [8]

Sarsameira parva (Boeck, 1873) BS [47]
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Sicameira leptoderma Klie, 1950
ANCORABOLIDAE Sars G.O., 1909
Bicorniphontodes bicornis (Scott A., 1896)
ARENOPONTIIDAE Martinez Arbizu & Moura, 1994
Arenopontia nesaie Cottarelli, 1975

Arenopontia subterranea Kunz, 1937

Neoleptastacus acanthus Chappuis, 1954
Psammoleptastacus barani Sak, Huys & Karaytug, 2008
CANTHOCAMPTIDAE Brady, 1880

Mesochra aestuarii Gurney, 1921

Mesochra pygmaea (Claus, 1863)

Nannomesochra arupinensis (Brian, 1925)

Nannomesochra erythraiensis Alper, Karaytug & Sak,
2023

Nannomesochra gebekumensis Alper, Karaytug & Sak,
2023

Nannomesochra giziri Alper, Karaytug & Sak, 2023

Taurocletodes tumenae Karaytug & Huys, 2004
CANUELLIDAE Lang, 1944

Canuella furcigera Sars G.O., 1903

Canuella perplexa Scott T. & Scott A., 1893
CLETODIDAE Scott T., 1904

Cletodes longicaudatus (Boeck, 1872)

Cletodes spinulipes Por, 1967

Enhydrosoma propinquum (Brady, 1880)
Enhydrosoma serdarsaki Sénmez, Yildiz & Karaytug, 2019
CLETOPSYLLIDAE Huys & Willems, 1989
Isocletopsyllus tertius (Por, 1964)
CYLINDROPSYLLIDAE Sars G.O., 1909
Stenocaris gracilis Sars G.O., 1909

Stenocaris minor (Scott T., 1893)
DACTYLOPUSIIDAE Lang, 1936

Dactylopusia micronyx Sars G.O., 1905
Dactylopusia tishoides (Claus, 1863)

Diarthrodes aegidaeus (Brian, 1927)

Diarthrodes brevipes Wells & Rao, 1987
Diarthrodes ponticus (Krichagin, 1877)
Diarthrodes pygmaeus (Scott T. & Scott A., 1895)
Paradactylopodia brevicornis (Claus, 1866)
DARCYTHOMPSONIIDAE Lang, 1936
Leptocaris biscayensis (Noodt, 1955)

Leptocaris emekdasi Koroglu, Kuru & Karaytug, 2015
Leptocaris igneus Cottarelli & Baldari, 1982
Leptocaris insularis (Noodt, 1958)
ECTINOSOMATIDAE Sars G.O., 1903
Arenosetella germanica Kunz, 1937
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AS

SM
AS, SM
AS, SM

AS

AS, SM, BS

BS
AS, SM
AS, SM

AS

AS

MS
AS, BS
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AS, SM, BS, MS
AS
AS
SM
BS

AS
AS
AS
AS
AS, SM
AS
AS
AS
SM
AS, SM

AS, SM, MS
AS, MS
AS, MS

AS

AS, SM, MS

[23]

[18]

[8-10, 19, 23]
[7, 15]

[7-9, 32]
[8-10, 19]

[48, 49]
[8-10, 15]
[7, 15]
[49]

[45]

[49]
[10, 18, 23]

[31, 50]
[6, 31, 46, 51]

[23]
[7]

[18]
[42]

[31]

[23]
[23]

[6]

[7,8, 15, 27]
[8]

[7]

[7,8]

[15]

8, 15, 27]
[8-10, 23, 32, 35]
[35]

[35]

[10]

[6,7,9, 10, 23, 29]



Arenosetella lanceorostrata Sénmez, Sak & Karaytug,
2016
Arenosetella tenuissima (Klie, 1929)

Bradyellopsis subniger Brian, 1925
Ectinosoma dentatum Steuer, 1940
Ectinosoma melaniceps Boeck, 1865
Ectinosoma normani Scott T. & Scott A., 1896
Ectinosoma reductum Bozic, 1955
Ectinosoma soyeri Apostolov, 1975
Glabrotelson bodini (Apostolov, 1974)
Glabrotelson bozici (Soyer, 1974)
Glabrotelson leptoderma (Klie, 1929)
Glabrotelson psammae (Noodt, 1955)
Halectinosoma herdmani (Scott T. & Scott A., 1896)
Microsetella norvegica (Boeck, 1865)

Microsetella rosea (Dana, 1847)
Noodetiella enertha Lindgren, 1975
Noodtiella intermedia Wells, 1967
Noodtiella wellsi Apostolov, 1974
Pseudobradya beduina Monard, 1935
Pseudobradya pelobates Jakobi, 1954
Pseudobradya robusta Sars G.O., 1910
Sigmatidium kunzi Mielke, 1979
HARPACTICIDAE Dana, 1846
Harpacticus aff. obscurus T. Scott, 1895
Harpacticus aff. tenellus G. O. Sars, 1920
Harpacticus compsonyx Monard, 1926
Harpacticus flexus Brady & Robertson, 1873
Harpacticus gracilis Claus, 1863
Harpacticus littoralis Sars G.0O., 1910
Harpacticus pacificus Lang, 1965
Harpacticus pulex Humes, 1964
IDYANTHIDAE Lang, 1948

Idyella tenuis (Brady, 1910)

Tachidiella minuta Sars G.O., 1909
LAOPHONTIDAE Scott T., 1904
Afrolaophonte pori Masry, 1970
Asellopsis hispida Brady & Robertson, 1873
Asellopsis intermedia (Scott T., 1895)
Asellopsis sarmatica Jakubisiak, 1938
Echinolaophonte armiger (Gurney, 1927)
Echinolaophonte hystrix (Brian, 1928)
Esola longicauda Edwards, 1891
Heterolaophonte brevipes Roe, 1958
Heterolaophonte curvata (Douwe, 1929)

AS, SM, MS

AS
SM
SM
AS, SM, BS, MS
SM
AS, SM, MS
AS, SM, MS
AS, MS
AS, MS
AS
AS, SM
AS, BS, MS
AS, SM, MS

AS, SM, BS, MS
AS
SM
SM
SM
AS
AS
AS
AS
AS

AS, SM
SM
AS, SM
AS, SM
AS
AS

AS
BS

AS
SM
SM
BS
AS
AS
SM
SM
AS, BS
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[8-10, 29]
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[7,8, 10, 29]
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[23]

[6]

[10, 22, 29]

[7-10, 23, 29, 31, 50, 52, 53,
54]
[9, 29, 52, 54-57]

[9]
[9]
[9]
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[8]
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[8]
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[7-10, 23, 32]
[15]
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[28]

[32]

[8]
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Heterolaophonte stroemii (Baird, 1837)
Heterolaophonte stroemii paraminuta Noodt, 1955
Heterolaophonte stroemii stroemii (Baird, 1934)
Heterolaophonte uncinata (Czerniavski, 1868)
Klieonychocamptus kliei (Monard, 1935)
Klieonychocamptus kliei adriaticus (Petkovski, 1954)
Klieonychocamptus kliei confluens Noodt, 1958
Klieonychocamptus ponticus (Serban & Plesa, 1957)
Laophonte cornuta Philippi, 1840

Laophonte elongata barbata Lang, 1934

Laophonte inornata A. Scott, 1902

Laophonte lignosa Hicks, 1988

Laophonte plana Fiers, 1986

Laophonte setosa Boeck, 1865

Laophonte triarticulata Monard, 1928

Lipomelum adriaticum (Petkovski, 1955)
Paralaophonte (Loureirophonte) cesareae (Por, 1964)

Paralaophonte (Paralaophonte) asellopsiformis Lang,
1965
Paralaophonte (Paralaophonte) brevirostris (Claus, 1863)

Paralaophonte (Paralaophonte) quaterspinata (Brian,
1917)
Pseudechinolaophonte minuta (Cottarelli & Forniz, 1991)

Pseudechinolaophonte mordoganensis (Kuru, Sénmez &
Karaytug, 2019)
LATIREMIDAE Bozi¢, 1969

Delamarella obscura Huys, Karaytug & Cottarelli, 2005
LEPTASTACIDAE Lang, 1948

Ciplakastacus mersinensis Sak, Karaytug & Huys, 2008
Leptastacus laticaudatus Nicholls, 1935

Leptastacus uncinatus Cottarelli & Venanzetti, 1989
Minervella baccettii Cottarelli & Venanzetti, 1989
Paraleptastacus holsaticus Kunz, 1937
Paraleptastacus kliei (Gagern, 1923)

Psammastacus confluens Nicholls, 1935

Schizothrix pontica (Griga, 1963)

Stereoxiphos operculatus (Masry, 1970)
LEPTOPONTIIDAE Lang, 1948

Psammopsyllus ertunci Karaytug & Sak, 2005
Psammopsyllus operculatus Nicholls, 1945
LONGIPEDIIDAE Boeck, 1865

Longipedia coronata Claus, 1863

Longipedia helgolandica Klie, 1949

Longipedia minor Scott T. & Scott A., 1893
Longipedia scotti Sars G.O., 1903

Longipedia weberi Scott A., 1909
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[7,8,10]
[15]

[6]

[7,9, 28, 31]
6, 10, 23, 32]
[7,9,28,32]
[9]
[8-10, 23, 28]
8,27, 31, 32]
[10]

6,9, 15]
[8,9]

8, 31]

[9, 15, 28]
[28]

[8-10, 32]

[7]

[10]
[6-10, 15, 27, 32]
[7,8,27,31]

[23]
[40]

[6-10, 23, 33]

[9,43]
[29]
(23]
[9, 23]
[10]
(6,71
(0]
(23]
(0]

[16, 25]
[15]

[10]
[31]
[31]
[31]
[6, 15]



LOURINIIDAE Monard, 1927

Lourinia armata (Claus, 1866)

Lourinia gocmeni Karaytug, Sak, Alper & Sonmez, 2021
Lourinia wellsi Karaytug, Sak, Alper & Sénmez, 2021
METIDAE Boeck, 1873

Metis ignea Philippi, 1843

MIRACIIDAE Dana, 1846

Amonardia perturbata Lang, 1965

Amonardia phyllopus (Sars G.O., 1906)
Amphiascoides brevifurca (Czerniavsky, 1868)
Amphiascoides subdebilis (Willey, 1935)
Amphiascopsis cinctus (Claus, 1866)

Amphiascus thalestroides Sars G.O., 1911
Bulbamphiascus imus (Brady, 1872)

Delavalia normani Scott T., 1905

Delavalia oblonga (Lang, 1965)

Diosaccus tenuicornis (Claus, 1863)

Diosaccus varicolor pentasetosus (Noodt, 1955)
Eoschizopera (Praeoschizopera) gligici (Petkovski, 1957)
Haloschizopera marmarae Noodt, 1955

Macrosetella gracilis (Dana, 1846)

Metamphiascopsis hirsutus bermudae (Willey, 1930)
Oculosetella gracilis (Dana, 1849)

Paramphiascella bulbifer Guille & Soyer, 1966
Paramphiascella mediterranea Lang, 1948
Paramphiascella robinsonii (Scott A., 1902)
Paramphiascella vararensis (Scott T., 1903)
Psammotopa vulgaris Pennak, 1942
Pseudamphiascopsis attenuatus (Sars G.O., 1906)
Pseudamphiascopsis attenuatus orientalis Noodt, 1955
Robertgurneya oligochaeta (Noodt, 1955)
Robertgurneya remanei (Klie, 1950)

Robertgurneya rostrata (Gurney, 1927)
Robertgurneya similis bulbamphiascoides Noodt, 1955
Robertgurneya smithi (Hamond, 1973)

Robertsonia knoxi (Thompson 1.C. & Scott A., 1903)
Robertsonia monardi (Klie, 1937)

Robertsonia normani (Brady, 1910)

Sarsamphiascus angustipes (Gurney, 1927)
Sarsamphiascus kawamurai (Ueda & Nagai, 2005)
Sarsamphiascus minutus (Claus, 1863)
Sarsamphiascus parvus (Sars G.O, 1906)
Sarsamphiascus tenuiremis (Brady & Robertson, 1876)

Sarsamphiascus varians (Norman & Scott T., 1905)
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[44]
[7, 44]
[8, 31, 44]

[6,9]

[6,7, 23]
8, 30]

[9, 10, 15, 30]

[15]
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8, 31]

[6, 10, 30]
[15]

[7,30]

8, 30]

[15]

[6,8, 9, 23, 30]

[15, 30, 31]
[7, 56, 58]
[8, 30]
[50]

[31]

[7]

[30]

[13]

[8-10, 30]
[7.9]

[15, 23]
[15, 22]
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[13]

[13]

[8, 10, 30]
[10, 15, 30]
[13]
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[8, 10, 15, 23, 30, 32]

[8, 30]
[6-10, 15, 30]
[15]

[31]

[15]
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Schizopera brusinae Petkovski, 1954
Schizopera karanovici Sénmez, Sak & Karaytug, 2015
Schizopera minuta Noodt, 1955

Schizopera pontica Chappuis & Serban, 1953
Schizopera pratensis Noodt, 1958
Typhlamphiascus confusus (Scott T., 1902)
NORMANELLIDAE Lang, 1944
Normanella reducta Noodt, 1955
ORTHOPSYLLIDAE Huys, 1990
Orthopsyllus linearis (Claus, 1866)
Orthopsyllus linearis bulbosus Noodt, 1955
Orthopsyllus sarsi Klie, 1941
PARAMESOCHRIDAE Lang, 1944
Apodopsyllus arenicolus (Chappuis, 1954)
Apodopsyllus perplexus (Wells, 1963)
Diarthrodella ergeneae Sonmez, Karaytug & Sak, 2015
Diarthrodella orbiculata Klie, 1949
Diarthrodella secunda Kunz, 1954
Emertonia constricta (Nicholls, 1935)
Emertonia constricta orotavae (Noodt, 1958)
Emertonia holsatica (Klie, 1929)

Emertonia masryi (Bodin, 1979)
Leptopsyllus punctatus Mielke, 1984
Paramesochra helgolandica Kunz, 1936

Wellsopsyllus (Scottopsyllus) robertsoni (Scott, T. & Scott
A., 1895)
PARASTENHELIIDAE Lang, 1936

Karaytugia aydini (Kuru & Karaytug, 2015)
Parastenhelia hornelli Thompson I.C. & Scott A., 1903
Parastenhelia spinosa (Fischer, 1860)
Penicillicaris pectinimana (Car, 1884)

Thalestrella ornatissima Monard, 1935
PELTIDIIDAE Claus, 1860

Alteutha depressa (Baird, 1837)

Clytemnestra scutellata Dana, 1847

Goniopsyllus rostratus Brady, 1883
PORCELLIDIIDAE Boeck, 1865

Porcellidium fimbriatum Claus, 1863
PSEUDOTACHIDIIDAE Lang, 1936
Dactylopodella flava (Claus, 1866)
RHIZOTRICHIDAE Por, 1986

Tryphoema gallipoliensis Alper, Sak & Metin, 2018
TACHIDIIDAE Sars G.O., 1909

Euterpina acutifrons (Dana, 1847)

TEGASTIDAE Sars G.O., 1904
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Tegastes satyrus (Claus, 1860) AS [7]
TETRAGONICIPITIDAE Lang, 1944 - -
Odaginiceps korykosensis Karaytug, Sak & Alper, 2010 MS [34]
Phyllopodopsyllus berrieri Monard, 1936 SM [9]
Phyllopodopsyllus bradyi (Scott T., 1892) AS [8]
Phyllopodopsyllus briani Petkovski, 1955 AS, SM [6,9, 10, 32]
Phyllopodopsyllus gracilipes Wells & Rao, 1987 AS [8]
Phyllopodopsyllus pauli Crisafi, 1960 AS [6]
Phyllopodopsyllus thiebaudi Petkovski, 1955 AS, SM [6,9, 32]
Pteropsyllus plebeius furcatus Kunz, 1938 AS [9]
THALESTRIDAE Sars G.O., 1905 - -
Eudactylopus latipes (Scott T., 1893) SM [15]
Eudactylopus robustus (Claus, 1863) AS [8, 31]
Eudactylopus spectabilis (Brian, 1923) AS [7, 8]
Parathalestris harpactoides (Claus, 1863) SM [15]
Phyllothalestris mysis (Claus, 1863) AS [27, 31]
TISBIDAE Stebbing, 1910 - -
Paraidya occulta Humes & Ho, 1969 AS [7]
Scutellidium arthuri Poppe, 1884 AS [6]
Scutellidium ligusticum (Brian, 1920) AS, SM [8, 9]
Scutellidium longicaudum (Philippi, 1840) AS, SM [7,9, 23]
Scutellidium longicaudum acheloides It6 Tat, 1976 AS [8]

Tisbe angusta (Sars G.O., 1905) AS [7]

Tisbe furcata (Baird, 1837) AS, SM [6, 8, 15]
Tisbe perplexa Volkmann, 1979 AS [7]

It is also possible to examine the harpacticoid copepod species in the checklist in terms
of the seas in which they are distributed (Fig. 2). Among these, the Aegean Sea possesses
the highest species diversity, hosting 194 species/subspecies (96 genera in 30 families).
The Sea of Marmara's coasts are documented to have 107 species/subspecies (65 genera
in 26 families), while the Mediterranean coasts record 43 species/subspecies (33 genera
in 9 families).

On the other hand, the Black Sea coasts feature 30 species/subspecies (26 genera in 12
families). Intriguingly, only 5 species (Canuella perplexa, Ectinosoma melaniceps,
Eoschizopera (Praeoschizopera) gligici, Euterpina acutifrons, Microsetella rosea) are
encountered along the coasts of all four seas, making up a mere 2.02% of the total
recorded species. Moreover, 25 species (equivalent to 10.12% of the reported species)
are found along coasts of three seas, whereas 65 species (constituting 26.31%) are
distributed across two seas, and 152 species (accounting for 61.53%) are exclusively
documented from the coasts of a single sea.
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Figure 1. Distribution of marine harpacticoid copepod species across families in
Tiirkiye.

= Aegean Sea = Sea of Marmara Blacksea Mediterranean Sea

Figure 2. Species number of marine harpacticoid copepods of Turkish coasts.

4. Discussion

4.1 Faunal studies in Turkish coasts

The history of harpacticoid copepod research in Turkish seas traces back to Noodt's initial
report in 1955. Subsequently, a total of 51 research articles have been published up to
the present day. Despite the initiation of marine harpacticoid studies in Tiirkiye as early
as 1955, the quantity remained limited, with a mere eight studies published until the turn
of the millennium. However, the 21st century witnessed a marked acceleration in studies
concerning marine harpacticoids along the Tiirkiye coast. These endeavours expanded
beyond faunistic studies to encompass descriptions of new species, redescriptions, and
taxonomic revisions, contributing to a comprehensive understanding of the local fauna.
Moreover, a checklist encompassing Turkish marine harpacticoids was published [24].
However, the subsequent publication of 23 additional articles led to a significant increase
in the reported marine harpacticoid species along the Turkish coast from 146 to 247
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species. The infusion of more than a hundred new records, coupled with advancements
in the classification of harpacticoid copepods found along Turkish coasts, underscores the
necessity for an updated checklist for marine harpacticoid copepods in Tiirkiye.

4.2 Faunal distribution in Turkish coasts

Considering the number of marine harpacticoid copepods in Tiirkiye, the records unveil
a total of 247 species/subspecies across 34 families and 113 genera (Table 1). Notably,
the families Miraciidae, Ameiridae, Laophontidae, Ectinosomatidae, and
Paramesochridae exhibit a notable presence, each encompassing over 10 species. The
cumulative count of species within these families stands at 146, constituting 59.1% of the
total species reported along Turkish coasts. These families collectively embody a
substantial portion of the marine harpacticoid diversity in Tirkiye, eclipsing more than
half of the recorded species. In contrast, 10 out of the remaining 29 families are each
represented by a single species (Fig. 1).

In the context of harpacticoid diversity across various seas in Tlirkiye, the Aegean Sea
stands out, featuring a recorded total of 195 species/subspecies. This is followed by the
Sea of Marmara with 107 species/subspecies, the Mediterranean with 43
species/subspecies, and the Black Sea with 30 species/subspecies. The high number of
harpacticoid records along the Aegean Sea's coasts is perhaps attributable to the
coastline’s length and the heightened frequency of field studies conducted there.
Interestingly, several species have been documented from multiple seas in Tiirkiye.
Notably, Canuella perplexa, Ectinosoma melaniceps, Eoschizopera (Praeoschizopera)
gligici, Euterpina acutifrons, and Microsetella rosea have been reported from all Turkish
seas. Furthermore, 25 harpacticoid species have been identified from three seas,
potentially indicating a broad distribution for these species. Conversely, the remaining
species are primarily restricted to only one or two sea regions. However, it's important
to note that the limited number of faunistic studies and samples available can hinder
definitive conclusions. In summation, the exploration of marine harpacticoid diversity
along Turkish coasts has yielded this comprehensive checklist. This resource is ready to
enhance future faunistic and ecological studies. The true marine harpacticoid copepod
diversity in Tirkiye will likely become clearer through the combined efforts of various
researchers focusing on diverse study areas.
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Oz

Farkli hayvanlarin dokularinda biriken pek ¢ok kirletici faktor canlida genotoksik etki
gostermektedir. Bu etkinin degerlendirilmesinde kullanilan genotoksisite testleri; kirlilik
ajanlarimin hayvanlarda DNA hasarina neden olup olmadiginin belirlenmesine olanak
saglar. Bu faktorlerin etkilerini belirleyebilmek icin farkli hayvan dokularinda pek ¢ok
test sistemi gelistirilmig ve genotoksisite testleri biiyiik onem kazanmistir. Bu ¢alismada,
genotoksik hasarin belirlenmesinde ¢ok yaygin olarak kullanilan iki test yontemi olan
Mikroniikleus ve Comet Assay testleri karsilagtirilmis, avantaj ve dezavantajlari

belirlenerek farkli  hayvan tiirlerinde yapian ¢alismalarin  degerlendirilmesi
amaclanmistir.

Anahtar Kelimeler: Genotoksisite, genotoksik test yontemleri, mikroniikleus testi, comet
assay

Examples of the applications of Micronucleus (MN) and Comet
Assay tests in different animal species.

Abstract

Many pollutants accumulate in the tissues of various animals and exhibit genotoxic effects
in living organisms. Genotoxicity tests, used to assess this effect, allow for the
determination of whether pollutants cause DNA damage in the organism. To determine
the effects of these factors, various test systems have been developed in different animal
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tissues, and genotoxicity tests have gained significant importance. In this study, two
widely used test methods for assessing genotoxic damage, Micronucleus and Comet Assay
tests, were compared, their advantages and disadvantages were determined, and the
evaluation of studies conducted in different animal species was aimed.

Keywords: Genotoxicity, genotoxic test methods, micronucleus test, comet assay

1. Giris

Insan popiilasyonundaki artis, endiistri ve sanayideki gelismelerle birlikte kimyasallarin
yogun bir sekilde tiretimi, kullanim1 ve buna bagl olarak da bu maddelerin hem sucul
hem de karasal ekosistemde birikimi artmistir [1-3].

Genotoksik etkileri olan ¢evresel kirleticilerinin belirlenmesi ve degerlendirilmesi;
kirlilik durumunun, kirlilik kaynaklarinin kontroliiniin ve kirliligin izlenmesinde ¢ok
onemlidir. Bu nedenle pratik, kolay uygulanabilen, kisa siirede sonuglanabilecek, ayrica
hassas yontem ve tekniklere ihtiya¢ duyulmaktadir [3-4]. Bu tekniklerin basinda comet
assay ve mikroniikleus testi (MN) gelmekte ve en yaygin kullanilan biyoizleme testleri
olarak karsimiza ¢ikmaktadir [3, 5-6]. Bu testlerin sonuglar1 farkli bir¢ok tiirde kirlilik
maruziyetinin ve kirliligin etkisinin biyoizlemini amaglayarak yapilan in vivo ve in vitro
calismalara gore, kirlilik ve genotoksik hasar arasinda o6nemli derecede pozitif bir
korelasyon oldugunu ortaya koymaktadir [3, 7-9].

2. Materyal ve metod

Cevresel kirliligin belirlenmesinde kullanilan biyogdstergeler; bircok faktor hakkinda
bilgi sahibi olunmasini saglarlar. Bu faktorler; ekosistemdeki canlilarin toleransi, tiirlerin
kirlilige verdigi cevap, bu cevabin popiilasyon, komiinite ve ekositem iizerine etkisi, tim
bunlarin insan saglig1 tizerindeki zararl etkilerinin belirlenebilmesidir [3,10].

Genotoksisite; ¢ekirdek (niikleus), kromozomlar veya DNA’nin yapisinda meydana gelen
gen mutasyonlari, kromozom anomalileri, DNA kiriklar1 veya DNA eklentileri gibi
hasarlar1 tespit etmektedir. Genetik toksikoloji; fiziksel ve kimyasal ajanlarin ve
radyasyon gibi kirleticilerin; kalitsal materyaller, DNA ve hiicreler {izerindeki toksik
etkilerini inceler [11-12].

Genotoksikolojide kullanilan comet assay (tek hiicre jel elektroforezi) [13] ve MN testi
[14-16] kisa ve uzun donem etkinin belirlenmesinde 6nemli role sahip iki tekniktir [3,
17].

Bir¢cok farkli hayvan tiirlinde kullanilan bu test yontemlerinde aranan en belirgin
ozellikler; basit uygulanabilirlik, hizli sonug alabilme, ekonomik olmasi, az sayida 6rnek
ile calisilabilirlik, hasarin tespitinde tercih edilir olmasi seklinde siralanabilir [18].
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1.1. Mikroniikleus (MN) testi

Mikroniikleus testi ilk kez 70°li yillarda sunulmustur [ 16, 19]. Sekil 1°de gosterildigi gibi
mikroniikleuslar; mitotik hiicre boliinmesinin farkli ge¢is asamalari sirasinda olusmus
sitoplazma icerisinde ana niikleusun yaninda gozlenen fakat ana niikleusa dahil olmayan
ikinci bir kiigiik niikleus yapis1 olarak tanimlanmaktadir [16, 18, 20].

MN, hiicre boliinmesi esnasinda ana ¢ekirdege dahil olmayan, kromozomlarin ortamda
serbest kalmasiyla olusan niikleoplazma ile sarili bir yapidir [21]. MN c¢ogunlukla;
mitotik igdeki hatalardan, kromozomal hasarlardan, hiicre dongiisiinii kontrol eden
genlerdeki eksikliklerden, kinetokor ya da mitotik evrenin diger parcalarindan
kaynaklanmaktadir [12].

Sekil 1. Eritrosit hiicrelerinde genel mikroniikleus olusumu (X100) [18].

MN miktarindaki artis ne kadar fazla ise genetik diizensizligin o kadar fazla oldugu
anlamina gelir ki bu test hem klastojenik hem de anojenik etkileri birlikte belirleyebilmek
i¢cin kullanilan 6nemli bir testtir [22]. Anojenler etkisi altinda olusan MN’lar hiicrenin
cekirdegine ¢ok yakin biiytikliikte olabilirler. Ciinkii anojenler etkisi ile olusan MN’lar
tam bir kromozom igerebilir. Klastojenler etkisi altinda olusan MN’lar ise genellikle daha
kiigiik boyutlu olmaktadirlar ¢iinkii kromozomlarin par¢alanmasi veya kopmasina neden
olurlar [23-24]. MN’lar gen farklilasmasi (mutasyon) ve mitoz bodliinme sirasinda
kromozom kirilmasi sonucu olusan sitoplazma igerisinde ¢ekirdek ile ayn1 6zelligi tasiyan
kiigiik ¢ekirdekg¢ik goriiniimiindeki olusumlardir [22].

Kromozomlarin genomlarindaki g¢evresel kirleticilerin etkileri ig ipliklerinde islevsel
bozukluklara, sentromerde bdliinme sorunlarina neden olarak bu sayisal artis veya azalig
seklindeki durumlar MN olusumunu ortaya ¢ikarir [23-26].

MN testi kimyasal ve fiziksel ajanlarin olusturdugu genotoksik etkilerin in vivo ve in vitro
olarak belirlenmesinde ¢ogunlukla kullanilan bir testtir. Bu test arastiricilarin gelistirdigi
yeni yontemler sonucu artik sadece kandaki kimyasal maddelerin sebep oldugu
anormalileri in vitro olarak saptamak i¢in degil baska dokularda da uygulama alani
bulmaya baglamistir [26]. MN testinin memelilerin bir¢ok tiiriindeki hiicrelerin
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kromozomal hasarlarini belirlemek i¢in gelistirildigi ve hassas ve giivenilirligi yliksek bir
test yontemi oldugu bildirilmistir [27].

Insanlarda DNA hasarinin dlciilmesi ve MN frekansin1 belirlenmesi i¢cin MN test
yontemleri kullanilmigtir [28]. Bu test yontemi kromozom anormalilerini gdsteren diger
yontemlere gore basit ve hizli bir yontem olarak karsimiza g¢ikmaktadir. Farkli
hayvanlarin dokularinda karsilagilan MN’lar dokunun alindigi canlinin herhangi bir
genotoksik etki altinda olup olmadiginin anlasilmasinda oldukg¢a 6nemli gostergelerdir
[18, 29].

Farkli hayvan tiirleri ile balik MN testlerinde hiicre tipleri ve onlarin tanimlanma kriterleri
Tablo 1°de gosterilmektedir. Eko-genotoksikolojik ¢aligmalar gostermektedir ki sucul
canlilarda dahil farkli hayvan dokularinin eritrositlerinde MN testi kirliligin 6nemli bir
belirtecidir [10, 30-37].

MN’larin belirlenmesi ve siniflandirilmas: farkli 6rneklerde, farkli laboratuvarlarda ve
farkli gozlemcilerde degisiklik gosterebilir:

e MN’larin degerlendirilme asamasinda laboratuvarda yapilan diger
degerlendirme sonuclariyla karsilastirma yapilmalidir.

e lk asamada lamlar kodlanarak gruplarin deney mi yoksa kontrol grubu mu
olduguna bakilmaksizin ‘kor’ olarak mikroskopta degerlendirilmelidir.

e Hasarli, ¢cok fazla i¢ ice gecmis, sayimi zor hiicreler dikkate alinmamali
boyama sirasinda da hata ya da boya kalintilar1 olabilecegi g6z Oniinde
bulundurulmalidir.

e Ust iiste birikmis ve hasarli hiicreler sayim sirasinda dikkate alinmamalidir.
Ayrica boyamadan kaynaklanan durumlar veya boya kalintilart MN olarak
degerlendirilip hiicrelerin sayiminda hatalara neden olabilmektedir.

e Dogru bir saymm iyi bir degerlendirme i¢in boyanmis preperatlar x1000
biiylitmede mikroskop altinda incelenmelidir. Dikkat edilmesi gereken bu
hususlar degerlendirme sirasinda hem laboratuvarlar arasindaki farkliliklarin
hem de okuyuculardan dogabilecek hatalarin en aza indirilmesine olanak
saglayacaktir [5].

1.2. Comet Assay

DNA hasarin1 ve bu hasarin seviyesini belirlemeye yardimer tek hiicre jel elektroforezi
olarak da adlandirilan comet assay ilk olarak Sing ve arkadaslar1 [38] tarafindan ortaya
cikarilmistir [13, 39]. DNA’larin hasar derecesinin durumuna gore kuyruklu yildiza
benzer formlarda farkli uzunluklarda goriintiiler olusturmalariyla hasarin belirlendigi bu
yonteme ingilizce “kuyruklu yildiz” anlamina gelen “comet assay” adi verilmistir [13,
18] (Sekil 2). Comet yontemindeki temel prensip, fiziksel ve kimyasal etkiler sonucu
olugsmus genotoksik ajanlarin olusturdugu mutasyonlarin organizmanin DNA’sinda ayri
ayr1 incelenerek tespit edilmesidir [18, 40]. Yapilan son ¢aligmalarda kullanimi giderek
artan comet assay, ¢evresel kirliligi ve bu kirliligin organizmada meydana getirdigi
hasarin belirlenmesinde olduk¢a yaygin olarak kullanilan bir genotoksisite testi haline
gelmistir [3, 41-44].

Farkli elektriksel yiik ve molekiil agirliklarina sahip DNA molekiillerinin elektriksel
alanda gd¢ etmeleri esasina dayanan yontemde DNA’lar canli hayvan dokularindan izole
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edilerek agaroz jel icerisine fikse edildikten sonra yiirlitme islemine tabi tutulurlar [3, 38,
45-46]. Yontemin prosediir asamalart tamamlandiktan sonra DNA molekiilleri farkli
boyalarla boyanarak hazirlanan preperatlar fliioresan mikroskopta incelenmeye tabi
tutulur. Bu yontemde DNA hasarlarinin degerlendirilmesinde; kuyruktaki DNA ytizdesi,
kuyruk uzunlugu, kuyruk momenti ve bastaki DNA ylizdesi gibi parametreler yaygin
olarak tercih edilmektedir [13, 18].

Comet assay, tiim Okaryotik hiicrelere uygulanabilmekte olup bir¢ok memeli hiicresinde
de cesitli ajanlarin yol agtigit DNA hasar1 ve onarim bozuklugunun belirlenmesini
amaclayan calismalarda kullanilmaktadir. Genotoksik hasar, ilk etki bolgelerinde
degerlendirilebilir ve hemen hemen tiim Okaryotik hiicrelere uygulanabilir [3]. Son
zamanlarda comet yontemi diger test sistemlerine gére DNA hasarlarin1 belirlemedeki
hassasiyetinden ve c¢aligma siiresinin nispeten kisa olmasindan dolay1 toksisite
calismalarinda oldukga fazla tercih edilmektedir [5, 18, 47-51].

Sekil 2. Comet assay ornegi [18].

2. Bulgular ve tartisma

Frakli organizma tiirlerinde kirleticilerin genotoksik etkilerinin arastirildig1 bircok
calismada (Tablo 1 ve Tablo 2) goriilmektedir ki kirlilik tiim canli organizmalar i¢in
genotoksik bir risk olarak karsimiza ¢ikmaktadir. Her iki test yonteminden yola ¢ikarak
sonuglar dikkate alindiginda kirliligin hayvanlar i¢in genotoksik bir risk olmaktan &te
stirekli izlenmesi ve derinlemesine degerlendirilmesi gereken bir durum oldugu
goriilmektedir. ~ Bu kirleticilerin veya herhangi bir kimyasalin genotoksisitesi
arastirilirken bir tiir lizerinde birkac farkli test sistemi uygulanabildigi gibi birkag tiir
tizerinde farkli test sistemlerinin kombine degerlendirilmesi sonuglarin giivenilirliklerinin
artmasi agisindan onemlidir.
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Tablo1. Farkli hayvanlarda kullanilan genotoksisite ¢caligmalarina mikroniikleus

ornekleri
Organizma Tiirii Lokalite Hiicre Tipi Arastinlan Kaynak
g P Kirlilik Kaynagi Y
Salmo trutta fario L
(balik) - Eritrositler PCB 77 7
Labidochromis
caeruleus Aydm, Tiirkiye Eritrositler Titanyum Dioksit 12
(balik)
Herbisit
Carassius auratus .1 Periferal kan (Roundup),
(balik) Tirkiye eritrositler glifosfat 48
formiilasyonu
Salmo trutta . .
Anguilla anguilla . Bobrek, Slklof(.)s.fam1d,
. . Ispanya . kolsisin ve 52
Phoxinus phoxinus eritrositler Kadmivum
(balik) y
Dezenfektanlar
. . ; . (sodyum
Cyprinus carpio Ital}fa, Perug.l'ai Periferal kan hipoklorit, 53
(balik) Trasimeno Golil L
perasetik asit ve
klorid dioksid)
Mugil sp. konzigflaslflltlar
Netuma sp. Gliney Brezilya Periferal Kan . ’ 54
(balik) mevsimsel
degisiklikler
Periferal kan
Carassius auratus eritrositleri, . .
. Civa clorid,
auratus Tiirkiye solungag ve Kursun asetat 55
(balik) yiizgec epitel ?
hiicreleri
Capoeta capoeta Kars Cayz, Periferal kan S
(balik) Tiirkiye eritrositleri Akrilamid >6
Mpytilus
galloprovincialis
(akdeniz midyesi),
Ruditapes
decussatus
(akivades) Car'l.akl.(ale, H?molen.f 57
. Tiirkiye hiicreleri
Pecten maximus
(deniz taragy)
Ostrea edulis
(Avrupa yasst
istiridyesi)
Mus musculus var. . .1 normakromatik .
albinos (Albino fare) Giresun, Tiirkiye eritrositler Dinikanazol >3
At ve Domuz Bosna Hersek Lenfositler 59
Rana ridibunda Porsuk Cayz, S . i1 "
(urbaga) Tiirkiye Eritrosit hiicreleri | Cesitli faktorler 60
Gnorimopsar chopi Brezilya Eritrosit 61
(kus)
. .ol Perifer kan . .
Civciv Tiirkiye hiicreleri Fipronil 62
Sprague-Dawley .l Kemik 1ligi Bakir
(sican) Tiirkiye Hiicreleri Asetoarsenit 63
Sap asil1 sigirlar Tiirkiye Kan serumlari 64
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Tablo 2. Farkli hayvanlarda kullanilan genotoksisite ¢caligmalarina Comet 6rnekleri

.. .. . .. . Kontaminasyon
Tiir Calisma Bélgesi Hiicre Tipi Nedeni M Kaynak
Salm()(énglic)lf arto - Eritrositler PCB 77 7
Zoarces viviparus | Goteborg Limani Eritrositler PAH metabolitleri 41
Danio rerio Almanya, Rhine Hepatositler ve ) 44
(balik) ve Elbe nehirleri solungaglar
Herbisit
Carassius auratus .1 Periferal kan (Roundup),
(balik) Tirkiye eritrositler glifosfat 48
formiilasyonu
Dezenfektanlar
Cyprinus carpio Ital}{a, Perug.i.ai Periferal kan h(ii)%cll(}ig;nit, 53
(balik) Trasimeno Golii o
perasetik asit ve
klorid dioksid)
Mugil sp. .
Netuma sp. Giiney Brezilya Eritrositler sijll\g;ig :?ﬁ;?s) 54
(balik)
Anguilla anguilla Portekiz, Aveiro Karaciger ve
L. caged eel Lagiinii bobrek hiicreleri ) 63
(balik)
Limnoper.na Guaiba Gélii . Enddstriyel,
fortune.l (Brezilya) Hemositler ker%tselz lgrsal 66
(golden midye) kirleticiler
Microtus
guentheri (tarla Antalya, Tiirkiye Kan lenfositleri Agir metal 67
faresi)
Apodemus 1
sylvaticus Portekiz Kan hiicreleri Radyoniikleidler 68
5 : ve metaller
(dag faresi)
Apodemus
flavicollis Bulgaristan Kan hiicreleri Hava kirliligi 69
(dag faresi)
Capoeta
banarescui Tiirkiye Eritrosit Agir metal 70
(balik)
Clco(qzégzllzi{c)oma Ispanya Kan hiicreleri Arsenik 71
A/g(l:;l; gn:ll}ﬁ;i;ls Ispanya Kan hiicreleri Arsenik 71
Xenopus laevis
Pleurodeles waltl Eritrositler Kadmiyum 72
(kurbaga)

Farkl1 hayvan tiirlerinde meydana gelen DNA hasarlarinin belirlenmesi ve izlenmesinde
nispeten ucuz bir yontem olan Comet Assay olduk¢a 6nem kazanmis uzun yillardan beri
genotoksikolojide onemli testlerden biri haline gelmistir [73-76]. Ayni sekilde MN
testleri de kisa zamanli, kolay uygulanabilir, duyarli bir test sistemi olmasi nedeni ile
canlilarda sikcga tercih edilmektedir. Tiim kirlilik etkilerinin belirlenmesi i¢in biiyiik capl
arastirma caligmalarinda da gilivenle kullanilabilir. Cevresel kirleticilerin genotoksik
etkilerinin hayvan tiirleri iizerinde MN testi ve Comet Assay ile arastirildigi bu
calismadan hareketle; kullanilan test sistemlerinin yani sira farkli yontemler de
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uygulanmali,  degerlendirilmeli ~ ve  birbirleriyle  karsilastirilarak  sonuglar
desteklenmelidir.
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ortalanarak yazilmaldir.

Yazar adi veya
adlan

Bagliktan sonra 2 satir bosluk birakilarak, {invan
belirtilmeden, Adin ilk harfi ve SOYAD’in tamami
biiylik harf ile, birden fazla yazarlarda aralarina virgiil
konularak, Times New Roman, 12 punto, koyu ve
sayfa ortalanarak yazilmalidir.

Yazarm/larin
adresi/leri

Yazar adimin hemen altina bosluk birakilmadan, Times
New Roman, 10 punto ve italik olarak yazilmalidir.
Adresleri aymi olan yazarlar igin tek adres, farkli yazar
adresleri alt alta bosluk birakilmadan yazilmalidir.

Iletisim yazarmnn
bilgileri

Biitin yazarlar i¢in Sorumlu yazar ilk sirada olacak

$5:ki1de;
Unvansiz Ad SOYAD, e-mail adresi, ORCID ID
numarast (http://orcid.org/xxxx-XXXX-XXXX-XXXX.)

aralarina virgiil Konularak 1. sayfanin altina dipnot
olarak, Times New Roman, 10 punto ile yazilmalidir.

Tiirkce ozet

Adres/ler den 3 satir bosluk birakildiktan sonra, Ozet
kelimesi Times New Roman yazi karakterinde, 12
punto, koyu ve sola dayali olarak yazilmalidir. Ozet
metni Times New Roman yazi karakterinde, 12 punto
ve italik olarak yazilmalidir. Ozet metninin 200
kelimeyi gecmemesine oOzen gosterilmelidir. Ozet
kelimesi ile Ozet metni arasinda bir satir bosluk
birakilmalidir.

Anahtar kelimeler
Keywords

Anahtar kelimeler: ve Keywords: kelimeleri Tiirkce
ozetin ve Ingilizce ozetin altma bir satir bosluk
birakilarak, Times New Roman, 12 punto, koyu ve italik
olarak yazilmalidir. En az 3 en fazla 6 adet anahtar
kelime verilmeli, anahtar kelimelerin birincisinin ilk
harfi biiyiikk digerleri kiigiik harfle ve aralarina virgiil
konularak verilmelidir.




Ingilizce bashk ve
Abstract

Tiirkge anahtar kelimelerin altina 2 satir bosluk
birakilarak, Times New Roman, 16 punto (koyu
olmayacak) ile basligin sadece ilk harfi biiyiikk olacak
sekilde sayfa ortalanarak yazilmalidir. Abstract, Tiirkce
ozet formatinda yazilmalidir.

Ana bashklar

Ana Bagsliklar sirasiyla numaralandirilmahidir (1. Giris
2. Deneysel ¢alismalar gibi). Tiim bashklar sola
dayali Times New Roman, 12 punto, koyu ve sadece
ilk kelimenin ilk harfi biiyiik olacak sekilde
yazilmalidir. Ana basliklardan 6nce 2 satir, sonra 1
satir bosluk birakilmalidir.

Alt bashklar

Alt baslhiklar ana baslik numarasina uygun olarak
numaralandirilmalidir. Tiim alt basliklar sola dayal
Times New Roman, 12 punto, koyu ve italik olarak
sadece ilk kelimenin ilk harfi biiylik olacak sekilde
yazilmalidir (2.1. Malzeme 2.2. Isud islemler gibi). Alt
basliklardan 6nce tek satir bosluk birakilmali, sonra ise
bosluk birakilmadan metine gegilmelidir.

Sekiller Resimler
Fotograflar

Sayfa sinirlarin1 asmayacak sekilde ortalanarak, net ve
okunakli olmalidir. Sira ile numaralandiriimahidir. Sekil
no ve adlan seklin altinda ortalanarak ve sadece ilk
kelimenin ilk harfi biiyiik olarak verilmelidir. Sekiller
ya bir ¢izim programi ile ¢izilmis olmali ya da en az
300 dpi ¢oziiniirliikte taranmis olmalidir. Sekil olarak
gosterilen grafik, resim ve metin kutularinda yer alan
yazi Ve sayilarin biiyiikliigi makale i¢inde Times New
Roman karakteri ile yazilmig 9 punto boyutundaki bir
yazmin biiylikliiglinden az olmamalidir. Sekilden once,
sekil adindan Once ve sonra birer satir bosluk
birakilmahdir. Sekiller metin igine yerlestirilirken
mutlaka sekilden once atifta bulunulmalidir.




Tablolar

Sayfa smirlarmi  asmayacak sekilde ortalanarak
konulmalidir. Sira ile numaralandirilmalidir. Tablo no
ve adlari, tablonun istiinde tek satir bosluk ile sadece
ilk kelimenin ilk harfi biiyiik olacak sekilde ortalanarak
yazilmalidir. Tablo adi yazilirken iistte ve altta birer
satir, tablodan Sonra yine bir satir bosluk birakilmalidir.
Tablolara tablodan 6nce mutlaka metin igerisinde atifta
bulunulmalidir. Tablo satir ve siitunlarindaki rakam ve
yazilar Times New Roman 12 punto ile yazilmalidir.
Ancak zorunlu kaliman durumlarda yazi boyutu yazi
sinirlarin1 gegmeyecek sekilde en az 9 puntoya kadar
diistirtilebilir.

Denklemler

Metin igerisine yazilacak denklemler, word yazim
programindaki denklem editorii ile sola dayali olarak
yazilmali ve esitliklere saga dayali olarak parantez
icerisinde sira ile numara verilmelidir.

Semboller

Makale ¢ok sayida sembol iceriyor ya da makaledeki
sembollerin  aciklanmas1  gerekiyorsa uluslararasi
standarda uygun olarak, semboller, kaynaklardan 6nce,
Times New Roman 12 punto ile italik yazilmalidir.
Makalede ondalik gosterimde nokta kullanilmali,
binlikleri ayirirken virgiil veya nokta kullanilmamali
gerekiyorsa tek bosluk kullanilmalidir.

Kaynaklar

Kaynaklar metin icerisinde sira ile
numaralandirilmalidir. Makalenin sonunda bulunan
kaynaklar boliimiindeki siralama, metinde verilen
siraya uygun olarak yapilmalidir.

Atifta bulunulan kaynaklar; ya ..... [1]. seklinde
climlenin sonunda yada ..... [1], ..... seklinde climle
iginde verilmelidir. 1ki veya daha fazla kaynak
yazarken verilecek kaynaklar sirali ise [1,2,3,4]
seklinde degil, [1-4] seklinde verilmelidir. Sirali degil
ise [8,11,15] seklinde verilmelidir.

Kaynaklar, Times New Roman 12 punto ile yazilmali,
sadece dergi, kitap ya da sempozyum adi kalin
yazilmalidir. Kaynaklar kisminda yer alan ulusal-
uluslararasi makalelerin yer aldigi dergi adlan
kisaltilmis halleriyle degil, acik olarak yazilmalidir
(ornek: dergi adi Wat. Res. seklinde degil Water
Resources seklinde yazilmalr).
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