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Oz
Enerjide siirekliligi saglayabilmek ve disa bagimlilig1 en aza indirebilmek
icin ilkelerin birden ¢ok enerji kaynagini kurulu sistemler halinde
yonetebilmesi gerekmektedir. Niikleer enerji diisiik karbon salimli bir
enerji kaynagi olmasi sebebiyle cagimizin iklim degisikligi sorunuyla
miicadelede kilit rol oynama potansiyeline sahip bir enerji tiirii olarak
degerlendirilmektedir. Niikleer santraller kullandig1 yakat kiitlesine oranla
yiiksek miktarda enerji agiga ¢ikarabilmesi, hava olaylarindan
etkilenmeden devamli olarak enerji iiretebilmesi ve elektrik iiretim
Sorumlu Yazar maliyetleri konusundaki ngoriilebilirligi gibi kendine 6zgii 6zellikleri ile
Ummiihan BARLAK iilkeler tarafindan tercih edilmektedir. Tiirkiye, Japonya ve Giiney Kore
umbarlak@gmail.com niikleer gii¢ santrali teknolojilerine sahip olabilmek igin erken bir
donemde ve yaklasik olarak ayni zaman diliminde adimlar atmaya

Yazarlara ait ORCID baslayan iilkelerdendir. Japonya ve Giiney Kore giiniimiizde kurulu birgok
.B: 0000-0002-7365-8810 niikleer santrali ve gelistirmekte oldugu kendi tasarimlariyla gesitli
H.O: 0000-0002-5121-2893 alanlarda ulusal ve uluslararast projeler yiiriitmekte olan iki tilke

konumundadir. Tiirkiye’de baslatilan girisimler igin siire¢ ayni sekilde
ilerlememis ve yapilmasi planlanan ilk santralin insaatina 2010°1u yillarda
Received: 31.12.2021 baglanabilmistir. Bu ¢alismada niikleer gii¢ santrali teknolojilerini elde
Accepted: 09.08.2022 etme siiregleri birbirine yakin zamanlarda baslamis olan bu ig iilkenin
faaliyet siiregleri kronolojik bir diizende ele alinmis ve zaman igerisinde
atilan adimlar karsilastirllmustir.  Tirkiye igin  mevcut durum
degerlendirilerek gelecege yonelik onerilere yer verilmistir.

Anahtar Kelimeler: Niikleer enerji, niikkleer gii¢ santrali, Tirkiye,
Japonya, Giiney Kore

Comparison of Nuclear Power Plant Acquisition Processes in Turkey, Japan and
South Korea

Abstract

Countries should be able to manage multiple energy sources in order to
ensure continuity in energy and to minimize foreign dependency. Nuclear
energy has the potential to play a key role in dealing with the climate
change problem of our age since it is a low-carbon energy source. Nuclear
power plants are preferred by countries due to their unique features such
as being able to release a high amount of energy compared to the fuel they
use, producing energy continuously without being affected by weather
events, and predictability in electricity production costs. Turkey, Japan
and South Korea are among the countries that have started to take steps in
an early period and approximately at the same time to acquire nuclear
power plant technologies. Today, Japan and South Korea are two countries
that carry out national and international nuclear power projects with many
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nuclear power plants already installed and their own designs that they are
developing. The process in Turkey did not progress in parallel with these
countries and the construction of the first power plant in Turkey was
started in the 2010s. In this study, the nuclear development processes of
these three countries which started around the same time, are discussed in
a chronological order and the steps taken over time are compared. The
current situation for Turkey has been evaluated and suggestions for the

) future have been given.
Bu ¢alisma Creative Commons

Attribution 4.0 International License ~ Keywords: Nuclear energy, nuclear power plant, Turkey, Japan, South
ile lisanslanmistir Korea

Giris

Enerji kaynaklarinin simirli olmasi ve maliyetlerindeki siirekli artis nedeniyle diinyada siiregelen bir
enerji sorunu ortaya ¢ikmistir. Mevcut enerji kaynaklarinin diinyada esit olmayan dagilimina ve smirl
olmasina karsin insanligin daha yiiksek refah beklentisi de bu sorunun asli nedenidir. Temel enerji
kaynagi olarak kullanilan fosil yakitlar kiiresel iklim degisikligine neden olmaktadir [1]. Sanayi
devriminin etkisiyle birlikte 6zellikle 1750°1i yillardan sonra insan faaliyetleri hiz kazanmistir. Bu
durum sera gazi emisyonlarinin artmasina, dolayisiyla atmosfer kompozisyonunun degismesine yol
acmustir [2]. Bu kiiresel soruna karsi bir nlem alinmamasi durumunda yirmi birinci ylizyilin sonundan
itibaren kiiresel sicaklikta 1°C ila 4°C’lik bir artis olabilecegi dngoriilmektedir. Bu kiiresel 1sinma
yeryliziinde kurakliklara, sellere ve ¢esitli tropikal hastaliklara zemin hazirlamaktadir. Ayrica buzullarin
erimesi sonucu okyanus seviyelerindeki yilikselme ve buna bagl olarak sahile yakin yerlesimlerin su
altinda kalma tehlikesi olugsmaktadir [1]. Fosil enerji kullanimi, toplam sera gazi saliniminin tigte ikisini
olusturmaktadir. Bu nedenle salimlar1 azaltmak ve iklim degisikligini dnlemek {izere g¢esitli alanlarda
alman onlemler enerji sektoriini de igermek zorundadir [3]. Niikleer enerji diisiik karbon ayak izine
sahip bir enerji kaynagi olmasi nedeniyle gelecegin temiz enerji hedeflerine ulasmada 6nemli rol
oynayabilecek bir potansiyele sahiptir. Giiniimiizde niikleer santraller giiglii giivenlik sistemleriyle
donatilmistir. Niikleer santrallerden ¢evreye salinan radyasyon dogal radyasyonun yaklasik %1°1 kadar
bir etkiye sahiptir ve santral ¢evresinde yapilan tarim, balik¢ilik, turizm gibi faaliyetler ve bulunan halk
bu durumdan asgari diizeyde etkilenmektedir [4]. Niikleer enerjinin tiikketilen miktarina gore sagladigi
enerji diger kaynaklara gore oldukca yiiksektir. Enerji iiretiminde az miktarda hammadde
kullanildigindan tiiketilen enerji icinde hammaddenin maliyete katkisi diisiik olmaktadir. Diger
santraller ile kiyaslandiginda gereksinim duyulan arazi daha kiigiik olmaktadir. Ayrica niikleer yakitlar
uzun siire depolanabildiginden disa bagimlili§i azaltmaktadir. Buna karsin niikleer enerjinin
dezavantajlart da bulunmaktadir. Ornegin niikleer atiklardan yayimlanan radyasyonun giivenli seviyelere
gelmesi ¢ok uzun yillar siirebilmektedir. Kullanilmig yakitlarin yeniden islenmesi ve bertarafi hassas bir
siiregtir. Olas1 niikleer kazalar genis alanlar etkileyebilen ¢ok tehlikeli durumlar olusturabilmektedir
[5].

Diinyada niikleer giiciin arastirilmasi ve gelistirilmesi ilk olarak Amerika Birlesik Devletleri’'nde

baglamis ve sonrasinda diger iilkelere de yayilarak biiyiik oranda genislemistir. Bunun baslica iki nedeni
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cogu lilkenin kdmiir ve petrol gibi kendi fosil enerji kaynaklaria sahip olmamasi ve Fransa drneginde

oldugu gibi baz iilkelerin niikleer enerjiyi bir devlet politikasi olarak dncelemesidir [1]. 2021 yil
verilerine gore Fransa, elektrik tretiminin %70.6’smn1 niikleer enerjiden saglamaktadir. Ukrayna
enerjisinin yaklasik %51’ini, Belgika yaklasik %39’unu, Giiney Kore %29.6’s1n1, Rusya %20.6’s1n1,
ABD %19.7’sini ve Japonya enerjisinin %>5.1’ini niikleer enerjiden kargilamaktadir [6].

Bu ¢alismanin konusu olan ve niikleer enerji alanindaki tarihi siireci incelenen i¢ {ilke -Japonya, Giiney
Kore ve Tiirkiye- niikleer enerjiyi edinme girisimlerine sirastyla 1953, 1957 ve 1955 yillarinda
baglamiglardir. Japonya’da Aralik 2021 verilerine gore su anda isletme halinde olan 33 adet reaktériin
toplam elektrik iiretim kapasitesi 31679 MWe’dir. Daha 6nce yapilan 27 adet reaktor kapatilmis olup, 2
adet santral yapim asamasindadir [7]. Niikleer enerji, toplam elektrik iiretiminin yaklasik %5.1°1ik bir
boliimiinii olusturmaktadir [6]. Giiney Kore 2021 yil1 itibariyle isletme halinde olan 24 niikleer reaktorii
ile diinyanin 6nde gelen niikleer enerji iilkeleri arasinda yer almaktadir. Kapatilan 2 adet reaktorii ve
yapim asamasinda olan 4 adet reaktorii bulunmaktadir. Teknolojisini genis ¢apta ihrag¢ eden tilke,
Birlesik Arap Emirlikleri’nin ilk niikleer reaktoriiniin ingasinda yer almistir [8]. Niikleer enerji Gliney
Kore’nin toplam elektrik iiretiminde %29.6’1ik bir paya sahiptir [6]. Baslangi¢c zamanlar1 yaklasik olarak
ayni tarihlerde olmasina ragmen Japonya ve Giiney Kore giiniimiizde niikleer gii¢ santrallerine sahip
iken Tiirkiye heniiz sahip degildir. Tiirkiye’de niikleer teknolojilerin kullanimini gelistirmek adina baz
adimlar atilmakta ve halihazirda niikleer santral projeleri yiiriitilmektedir. 2010 yilinda Rusya
Federasyonu Hiikumeti ile imzalanan is birligi anlagmasi ile aktif proje olan Akkuyu NGS’ye (Niikleer
Gli¢ Santrali) baslamistir [9]. Toplamda 4800 MW kurulu giice sahip olacak niikleer santralin
Tiirkiye’deki teknoloji gelisimine katki saglamasi, istihdami arttirmasi ve insan kaynaklarim
gelistirmeye katki sunmasinin yaninda iilkenin dogal gaz ithalatin1 da azaltmasi1 beklenmektedir [10].
Niikleer giic santrali teknolojilerini edinme ve gelistirme faaliyetlerinde diger {ilkelerin benzer
siireglerinin incelenmesi ve karsilastirmalarla yapilan degerlendirmeler ile olusturulan fikir ve 6nerilerin
cogaltilmas1 gerekmektedir. Calismada niikleer gilic santrali teknolojilerini elde etme faaliyetleri
birbirine yakin zamanlarda baslamis olan Tiirkiye, Japonya ve Giliney Kore iilkelerinin bu teknolojiyi

elde etme siiregleri incelenerek gelisim adimlari {izerinden bir degerlendirme yapilmaistir.
Materyal ve Metot

Caligmada Tiirkiye, Japonya ve Giiney Kore’nin niikleer gii¢ teknolojilerini edinme ve gelistirme
siiregleri kronolojik bir zaman diizeni icerisinde islenmektedir. Faaliyet siirecleri ve zaman igerisinde
atilan adimlar karsilastirilmali olarak ve neden sonug iliskisi ¢ergevesinde degerlendirilerek gelecege
yonelik oOnerilere yer verilmektedir. Siireclere dair bilgilere ulagilirken dncelikli olarak Uluslararasi
Atom Enerjisi Ajansi (IAEA), Japonya Atom Enerjisi Ajanst (JAEA), Kore Atom Enerjisi Arastirma
Enstitiisii (KAERI) ve Tiirkiye Enerji, Niikleer ve Maden Arastirma Kurumu (TENMAK) verilerinden,

ayrica konuya iliskin akademik metinlerden yararlanilmistir. Caligmada niikleer gii¢ santrali yapim
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faaliyetlerine odaklanilmig, niikleer enerjinin diger kullanim alanlar1 kapsam disinda birakilmustir.

Niikleer teknoloji, biiyiik yatirim ve calisma gerektiren bir alandir. Niikleer alanda gelisme ve
ilerlemenin saglanmasi farkli disiplinler arasi detayli inceleme ve arastirmalar ile miimkiin
olabilmektedir. Bu arastirmalar yapilirken niikleer teknolojilere sahip olan veya birbirinden farkli
prosediirlere sahip iilkelerde siireclerinin incelenmesi biiyiikk 6nem tagimaktadir. Literatiirde niikleer
enerji ile ilgili iilkeler bazinda karsilastirmali olarak gergeklestirilen ve kronolojik diizende siirecler
hakkinda bilgiler verilen benzer akademik metinler bulunmaktadir. Ornegin Bredimas ve Nuttall [11]
tarafindan yapilan ¢alismada Kanada, Fransa, Almanya, Japonya, Isvicre, Birlesik Krallik ve ABD
olmak iizere yedi farkli iilkenin lisanslama prosediirleri karsilastirilarak gelistirilecek yeni niikleer
santrallerin uygun bir sekilde lisanslanabilmesi icin gereken dnlemlerin alinmasi amaglanmistir. Yoon
vd. [12] tarafindan yapilan ¢alismada Kore ve Japonya’nin niikleer, sosyal ve teknolojik alanlarda
izledigi yollarm farklilik sebepleri analiz edilmektedir. Jin ve Park [13] tarafindan yapilan baska bir
calismada Fukushima Niikleer Kazasi’na farkli tepkiler veren Almanya ve Kore’nin niikleer politikalar
karsilastirilmali olarak degerlendirilmektedir. Ogul ve Karaaaga¢ [14] tarafindan yapilan galismada
Tiirkiye’nin farkli sehirleri i¢in niikleer gii¢ santrallerinin (NGS) halk tarafindan kabul edilebilirligini
degerlendirmek iizere bir anket yapilmistir ve elde edilen sonuglar daha once Tiirkiye’de ve diger
tilkelerde yapilmis c¢aligmalarla karsilagtirilmigtir. Shim ve Park [15] tarafindan yapilan c¢aligmada;
ABD, Ingiltere, Almanya, Fransa, Japonya ve Giiney Kore politika ¢erceveleri arastirilmistir. Konuya
iliskin akademik metinler incelendiginde ¢esitli olay, durum ve siire¢lerin karsilastirmali olarak ele
almmas1 sonucunda giincel fikirlere 151k tutma, yorumlama ve sorulara cevap bulma siire¢lerinin daha
etkin bir sekilde gerceklestirilebildigi goriilmektedir. Bu kapsamda bu calismanin Tiirkiye’de niikleer

teknolojileri gelistirme faaliyetleri i¢in yararl olmasi beklenmektedir.
Japonya’da Niikleer Teknolojileri Edinme ve Gelistirme Siireci

Japonya'nin niikleer teknolojileri gelistirme siireci, Uluslararast Atom Enerjisi Ajansi’nin (IAEA)
temelinin atildigit 8 Aralik 1953 tarihinde baslamistir. Hemen ertesi y1l Japonya Ulusal Diyet’i
(parlemento) tarafindan niikleer arastirmalar i¢in 235 milyon JPY biit¢e ayrilmistir. 1956 yilinda IAEA
{iye devletlerine katilmasmin ardindan JAERI (Japonya Atom Enerjisi Arastirma Enstitiisii), Atom
Enerjisi Komisyonu, Bilim ve Teknoloji Ajansi, Atomik Yakit Kurumu gibi ulusal organlar
kurulmustur. Niikleer teknolojinin Japonya’ya hizli bir sekilde girmesi amaciyla JAERI tarafindan
yapimi gergeklestirilen Japonya Arastirma Reaktorii No.1 (JRR-1) 1957 yilinda ilk kritikligi elde
etmigtir. 50 kW giicindeki bu aragtirma reaktorii temel bilimsel arastirmalarda kullanilmak {izere
radyoizotop Uretimi ile mithendis ve arastirmacilar egitimleri i¢in kullanilmistir. Bir sonraki adim
olarak yiiksek performansli bir arastirma reaktorii olan 10 MW giiciindeki Japonya Arastirma Reaktorii
No.2 (JRR-2) insa edilmis ve 1960’ta ilk kritiklige ulagmistir. Bu reaktdr radyoizotop iiretiminin yani

sira ndtron deneyleri, yakit 1s1nlamasi, nétron aktivasyon analizi gibi uygulamalar i¢in de kullanilmustir.
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Yerli olarak inga edilen ilk arastirma reaktorii JRR-3 (Japonya Arastirma Reaktorii No.3) olmus ve

niikleer teknoloji ve nétron bilimine katkilardan dolay1 Amerikan Niikleer Toplulugu'nun Tarihi Doniim
Noktas1 Odiilii'nii almistir [16]. Japonya Arastirma Reaktérii No. 4 (JRR-4) ilk olarak Japon niikleer
gemisi ‘MUTSU’ i¢in deneyler yapmak amactyla kurulmus ancak tibbi 1sinlama, aktivasyon analizi,
radyoizotop iretimi ve egitim gibi c¢esitli amaclarla kullanilmistir. “TRIGA reaktorii” olarak
adlandirilan arastirma reaktdrlerinden biri NSRR reaktoriidiir [17]. Reaktivite kazalarina karsi reaktor
giivenligini incelemek tizere 6zel bir reaktdr olarak yapilmistir. Giiniimiizde de NSRR reaktoriinde yakit
erimesi gibi ciddi kaza olaylarinin simiilasyon ¢alismalar yiirtitiilmektedir [18]. Nisan 1968°de Japonya
Malzeme Test Reaktorii (JMTR) ilk kez kritik olmustur. Bu reaktor hafif su reaktorleri (LWR) i¢in
yakit ve malzeme 151nlama testleri gibi cesitli amaglarla kullanilmistir [19]. JMTR araciligiyla farkli
radyoizotoplar iiretilmis ve bunlar tibbi tedavilerde yaygin olarak kullanilmistir [16]. Japonya’da
elektrik tireten ilk reaktor, prototip bir kaynar su reaktorii (BWR) olan Japon Giig Gosterme
Reaktorii’diir (JPDR). Bu reaktdr, 1963 yilindan 1976 yilina kadar ¢aligmistir ve daha sonra yapilacak
ticari reaktorler i¢in bliylik miktarda bilgi edinilmesini saglamistir [7]. Japonya’nin ilk ticari niikleer
enerji reaktorii Birlesik Krallik’tan ithal edilen 160 MWe giiciinde gaz sogutmali bir reaktdr olan Tokai-
No’dur. Reaktor 1966°da ¢alismaya baslamis ve Mart 1998°¢ kadar ¢alismaya devam etmistir [16]. Daha
sonra zenginlestirilmis uranyum kullanan hafif su reaktorleri (PWR ve BWR) insa edilmistir. Japon
kamu kuruluslari, ABD’li saticilardan tasarimlar satin almig ve bunlar1 Japon sirketlerinin is birligiyle
inga etmistir. Sonrasinda da benzer tesisler kurmak i¢in lisans alinmaya baglanmistir. Hitachi Co. Ltd.,
Toshiba Co. Ltd. ve Mitsubishi Heavy Industry Co. Ltd. gibi sirketler kendi LWR'lerini tasarlama ve
inga etme kapasitelerini gelistirmistir [7]. Japon endiistrisi 1970’11 yillarin sonuna gelindiginde biiyiik
Olciide kendi yerli niikleer enerji teknolojilerini gelistirmistir ve bugiin diger lilkelere ihracat
yapabilmektedir [16]. Ekim 2005°te Japonya Atom Enerjisi Ajanst (JAEA) kurulmustur [20].
Japonya’da ilk gelismis kaynar su reaktdrleri (ABWR) Tokyo Electric Power Co.nun (TEPCO)
Kashiwazaki-Kariwa tiniteleri 6 ve 7’dir. Bu tesisler 1996-1997 yillarinda ¢alismaya baslamistir ve su
anda da ticari olarak isletmededir. Japonya’da niikleer enerjinin baris¢il kullanimi i¢in radyasyon ve
radyoizotop uygulamalari tizerine ¢esitli Ar-Ge faaliyetleri ylritilmiistiir. Radyasyon ve radyoizotoplar
endiistri, tarim ve tibbi tedavi gibi alanlarda yaygin olarak kullanilmaktadir [16]. Japonya, enerji
gereksiniminin %90’indan fazlasini ithalat yoluyla karsilamaktadir. II. Diinya Savasi’ndan sonra
toparlanarak endiistriyel tabanini hizla genisletmis, boylece fosil yakit ve 6zellikle Orta Dogu’dan petrol
ithalatina bagimli hale gelmisti. Nitekim 1974 yilinda elektrik iiretiminin %66’s1 petrole dayanmaktaydi.
Bu sirada Japonya zaten bes adet calisan reaktor gelistirmisti ve niikleer endistrisini biiylitmekteydi.
Dolayisiyla iilke, petrol ithalatinin azaltilmasina dncelik vermis ve niikleer programlara yonelmistir [7].
Japonya insanligin artan ortak enerji ihtiyacina cevap verme arayisinda olan ve gelecek i¢in uzun vadeli
bir enerji kaynaginin en ¢ekici se¢eneklerinden biri olarak goriilen ITER (Uluslararast Termoniikleer

Deneysel Reaktor) projesine katilmis ve bu alanda da galigmalar yiiriitmekte ve gelistirmektedir [16].
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Goriildigii tizere Japonya uzun yillardir kullanilan ve ticari olarak yaygin hale gelmis fisyon

reaktorlerine erismesinin yani sira gelecegin niikleer enerjisi olarak diisiiniilen ve heniiz ticarilesmemis

fiizyon reaktorleri calismalarina da katilmaktadir.
Giiney Kore’de Niikleer Teknolojileri Edinme ve Gelistirme Siireci

Giliney Kore 1957 yilinda IAEA’ya {iye olarak niikleer alandaki faaliyetlerini baglatmistir. 1958 yilinda
devlet tarafindan Atom Enerji Yasasi kabul edilmis, 1959°da Atom Enerjisi Dairesi (OAE) ve Atom
Enerjisi Arastirma Enstitiisi (AERI) kurulmustur. Kore Atom Enerjisi Arastirma Enstitiisii
(KAERI)’nin temeli bu kurumlar ile olusmustur [21]. 19 Mart 1962°de ilk arastirma reaktdrii olan
TRIGA Mark-II reakt6riiniin ingaatt tamamlanmistir [22]. Bu reaktér kiigiik bir aragtirma birimi olmakla
beraber lilkede kritiklige ulasan ilk reaktor niteligini tasimaktadir [8]. 10 Mayis 1972’de TRIGA Mark-
IIT reaktoriiniin ingaati tamamlanmig, 1973’te Radyolojik Arastirma Enstitiisii (RRI) ve Tarimda
Radyasyon Arastirma Enstitiisii (RRIA) birlestirilerek KAERI kurulmustur [22]. {1k niikleer gii¢ santrali
olma 6zelligi tasiyan Kori tesisinin 1. Unitesi Kori-1’in insaat1 1975 yilinda baslamustir. Aym yi1l KAERI
bir yan kurulus olarak Kore Gii¢ Miihendisligi Sirketi KOPEC’i kurmustur. KOPEC giinlimiizde de
niikleer santrallerin mimari ve mithendislik alanlarindan sorumludur [21]. Kori-1 1978 yilinda ticari
olarak igletime baslamistir [23]. Kore’de 1980’11 yillarin baginda yapim asamasinda olan 8 adet niikleer
reaktor ile bir faaliyet patlamasi yasanmustir [8]. Kori 3-4, Yonggwang 1-2 ve Ulchin 1-2 olmak tizere 6
iinite iilkenin ikinci nesil niikleer reaktorlerini olusturmustur. Bu sirada iilkede ABD’nin Combustion
Engineering firmasindan 6, Avrupa’nin Framatome firmasindan 2 ve Kanada AECL Firmasindan 1 adet
CANDU olmak tizere farkli tasarimlara sahip basingli su reaktorii tiniteleri bulunmaktaydi. 1987 yilinda
niikleer enerjide kendine yeterlilik olusturmak istenmis ve daha sonra Westinghouse firmasi tarafindan
satin alinan Combustion Engineering (CE) firmastyla bir teknoloji transferi programi baslatilmistir.
1987 yilinda “CE System 80” isimli buhar sistemi standartlagmanin temeli olarak alimmais ve bu sistemin
ozelliklerinden bazilarini igeren ABD’nin ileri Hafif Su Reaktorii (ALWR) tasarimindan da &zellikler
almarak Kore Standart Niikleer Santrali (KSNP) tasarimi olusturulmustur [21]. 1961 yilindan Nisan
2001’e kadar Giiney Kore’nin tek elektrik kurulusu bir devlet kurulusu olan KEPCO (Korea Electric
Power Company) idi. Daha sonra alt1 birime boliinen kurumun niikleer iiretim kapasitesi Kore Hidro ve
Niikleer Enerji (KHNP) nin bir parcasi haline gelmistir [8]. Projesi 1992 yilinda baslatilan APR-1400
(Advanced Pressurised Reactor-1400) “Kore Gelecek Nesil Reaktorii” olarak bilinmekteydi ve temel
tasarimi 1999 yilinda tamamlandi. KAERI niikleer enerjinin farkli alanlarda kullanimlarina katkilar
sunmus ve sunmaktadir. Ornegin 2001 yilinda tibbi cerrahi olmadan karaciger kanserini tedavi etmek
icin yeni bir radyofarmasotik gelistirmistir. Giiney Kore, 2011 yilinda ABD ve Japonya’dan sonra
ylksek giiclii bir proton lineer hizlandirici gelistiren ilgilincii iilke olmustur. 2012 yilinda birincil
bilesenleri ile tek bir sizdirmaz basingl kap icerisine yerlestirilen SMART Reaktorii tasarimi, entegre

bir reaktor i¢in ilk standart tasarim onayini almay1 bagarmistir. Reaktorii ticarilestirmek i¢in 2015 yilinda
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Suudi Arabistan ile ortaklik kurulmustur. 2017 yilinda Kore’nin ihrag ettigi ilk niikleer tesis olan JRTR

Reaktorii Urdiin’de 6 y1l 10 ayda tamamlanmistir [22]. Giiney Kore’de niikleer reaktdrlerin biiyiik bir
kismi iilkenin yogun niifuslu giineydogu kesiminde baslica elektrik talep merkezlerini bulunduran ve
bircok agir liretim tesisine ev sahipligi yapan Gyeongju, Ulsan ve Busan sehirlerine yakin iki komplekste
yer almaktadir. Kori-1 reaktorii 2017 yilinda devre dis1 birakilmis ve 2019°da kalici olarak kapatilmistir
[24].

Tiirkiye’de Niikleer Teknolojileri Edinme ve Gelistirme Siireci

Tiirkiye’de niikleer konulara iligkin imzalanan ilk diplomatik anlagma, niikleer enerjinin bariggil
kullanimu ile ilgili bir is birligi anlasmas1 olan ve Mayis 1955’te ABD ile imzalanan Atom Enerjisi
Yasasr’dir [25]. Ulke igindeki ilk ve 6nemli girisim ise 1956 yilinda Bagbakanlik'a bagl olarak Atom
Enerjisi Komisyonu (AEK) nun kurulmasidir [25]. Kurulan ilk niikleer tesis 1 MW giiclindeki TR-1
Arastirma Reaktorii’diir. Istanbul Kiiciikcekmece bdlgesine kurulan tesisin temeli 1959 yilinda atilmis
ve proje "Cekmece Niikleer Arastirma ve Egitim Merkezi" olarak adlandirilmistir [26]. 1965 yilinda
niikleer gii¢ santralleri kurulmasi ile ilgili ilk ¢aligmalar baglatilmistir. 1977 yilinda faaliyete gegmesi
planlanan 300-400 MWe giiciinde bir CANDU tipi gii¢ reaktorii igin fizibilite ¢aligmasi yapilmigs fakat
yer se¢imiyle ilgili sorunlarin yani sira 1968 yilinda yapilan II. Bes Yillik Kalkinma Plani’nda bu
santralin yerine egitim amaclh prototip bir santral kurulmast planlandigindan proje
gergeklestirilememistir [27]. Tiirkiye Elektrik Kurumu (TEK) tarafindan planlanan bu prototip
reaktoriin daha sonra biiylik kapasiteye sahip bir gii¢ reaktoriiniin insasini geciktirebilecegi diisiiniilerek
proje iptal edilmis ve yapilan yer segimleri sonucu Mersin Akkuyu bolgesinde 600 MWe giiciinde bir
NGS yapilmasina karar verilmistir. 1976 yilinda bolge Atom Enerjisi Komisyonu’ndan yer lisans1 almis
ve 1977 yilinda ihalesi yapilmistir ancak verilen kredi garantisinin geri ¢ekilmesinden dolay1 1980
yilinin eyliil ayinda proje iptal edilmistir [28]. 1970’1 yillara gelindiginde Tiirkiye’nin niikleer alandaki
caligmalarinin artmasi ve bununla birlikte olusan radyoizotop ihtiyacinin karsilanmasi amaciyla TR-2
Arastirma Reaktorii’niin kurulmasina karar verilmistir. 5 MW giiciindeki arastirma reaktorii tipta
kullanilan radyoizotop iiretimi, ndtron aktivasyon analizleri i¢in 6rnek 1sinlamalari, niikleer konularda
dgrenim gérmekte olan dgrencilerin egitimi gibi amaclara hizmet etmektedir [26]. ITU TRIGA Mark-11
Arastirma ve Egitim Reaktorii var olan TRIGA reaktorlerinin 54.’sii olarak Tiirkiye’de kurulmus ve 11
Mart 1979 tarihinde kritik yapmistir. [29]. 1982 yilinda Atom Enerjisi Komisyonu, Tiirkiye Atom
Enerjisi Kurumu (TAEK) ismini alarak yeniden diizenlenmistir ve niikleer gii¢ reaktorii insaati
konusunda yeni bir adim daha atilmigtir. Atomic Energy of Canada Limited (AECL), Kraftwerk Union
AG (KWU) ve General Electric firmalariyla anlagmalar yapilmis, Akkuyu ve Sinop’a reaktor iiniteleri
kurulmasi planlanmistir ancak Tirkiye’nin yap-islet-devret modelini uygulamak istemeyen KWU
firmast gorismelerden cekilmistir. AECL firmasi ile kurulmasi planlanan CANDU reaktorii icin

goriismeler devam etmis ancak firmanin yap-islet-devret kredisini devlet garantisinde almak istemesi ve
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Tiirk Hiikiimeti’nin bunu reddetmesi sebebiyle proje iptal olmustur [28]. 1996 yilinda Tiirkiye Elektrik

Uretim Iletim A.S. (TEAS) Akkuyu Niikleer Santrali i¢in tekrar uluslararasi bir ihaleye ¢ikmustir ancak
girisimden sonu¢ alinamamis ve projenin ertelenmesine karar verilmistir [27]. TETAS, Akkuyu’da
kurulmas: planlanan NGS’nin insasi, isletilmesi ve enerji satist icin 2008 yilinda bir yarigma
diizenlemistir fakat yapilan degerlendirmeler sonucu Kasim 2009’da yarigsmayi iptal ettigini
duyurmustur [28]. 12 Mayis 2010 tarihinde Rusya Federasyonu ve Tiirkiye Cumhuriyeti Hiikiimeti
arasinda Akkuyu Niikleer Santralinin insas1 konusunda karar kilinmisg ve anlasma imzalanmistir.
Boylece Akkuyu NGS Elektrik Uretim A.S. Tiirkiye’nin ilk niikleer gii¢ santralini hayata gecirmek
iizere tescil edilmistir. 2 Nisan 2018’de TAEK tarafindan 1. Gii¢ {initesi i¢in insaat lisans1 verilmistir.
Ertesi giin diizenlenen temel atma toreniyle birlikte tam kapsamli insaat calismalarina resmen
baglanmistir. Yap-sahip ol-islet modeline gore gergeklestirilen ilk niikleer gii¢ santrali olma 6zelligi
ingaat kalitesi i¢in ek gilivence anlamina gelmektedir. Akkuyu NGS Rus tasarimi VVER V-509
modelinde her biri 1200 MWe kapasiteye sahip 4 adet {initeye sahiptir. 1k {initenin 2023 yilinda, diger
{initelerinin ise birer y1l araliklarla 2026 yili sonuna kadar isletmeye alinmasi beklenmektedir. Insaat
tamamlandiginda santralin yilda 35 milyar kWh elektrik iiretimi saglamasi ve Tirkiye’nin elektrik
ihtiyacinin yaklasik %10’nunu kargilamasit 6ngdriilmektedir [30]. Sinop NGS i¢in siire¢ 3 Mayis 2013
tarihinde baslatilmis ve Elektrik Uretim A.S. (EUAS) tarafindan vyiiriitiilen proje igin Japonya’ya ait
Mitsubishi Heavy Industries (MHI) ve Fransiz sirketi Areva ortakligi ile tasarlanmis olan ATMEAL tipi
bir basingli su reaktérii (PWR) insaatina karar verilmisti [27]. 2018 yilinda saha uygunluk
degerlendirmesi ve finansal model gelistirme i¢in fizibilite ¢aligmalar1 yapilmistir [28]. Enerji Bakanlig
tarafindan fizibilite calismalarinin degerlendirilmesi sonucu ingaat biit¢esi ve tamamlama takvimi i¢in
beklentilerin karsilanmadig: bildirilmis ve projenin ortak karar olarak ertelenmesine karar verilmistir.
Ekim 2015°’te {iciincii niikleer santral insaat1 i¢in Kirklareli'nin Igneada bélgesinin planlandig
aciklanmistir [31]. Tiirkiye’de Ulusal Enerji ve Maden Politika’sinin elektrik iretimi hedefleri yerli
enerji iretimini arttirmak amaciyla yenilenebilir enerjinin enerji liretimindeki paymni en az %30’a
¢ikarmak (2019°da bu hedefe ulasilmistir) ve niikleer santrallerin elektrik iiretimindeki payini en az
%10’a c¢ikarmaktir [28]. 2019 yilinda olusturulan 11. Bes Yillik Kalkinma Plani, niikleer alanda
yapilmasi planlanan teknolojik yenilikleri igermektedir. Ornegin igerikte niikleer santraller igin iiretilen
kompozit malzemeler i¢in yerli iiretimin desteklenmesi, radyofarmasétik hammadde iiretimine yonelik
altyapmin gelistirilmesi ve NGS’lerde teknoloji transferi ile disa bagimlilig1 azaltma gibi hedefler yer

almaktadir [32].
Tartisma ve Sonug¢

Tirkiye, Japonya ve Giiney Kore’nin niikleer teknoloji gelistirme siirecleri incelendiginde atilan ilk
adimlarin birbirine yakin dénemlerde gergeklestirildigi goriilmektedir. Nitekim Uluslararas1 Atom

Enerjisi Ajansi’nin kuruldugu 1957 yilinda her {i¢ iilke de bu alanda diplomatik iligkileri kurmaya

109



Barlak ve Ogul Sinop Uni J Nat Sci 7(2): 102-115 (2022)
ISSN: 2536-4383

baglamustir. Yapilan ilk faaliyetler niikleer ile ilgili kurumlarin kurulmasi ve arastirma reaktorlerinin

insa edilmesi olmustur. 1960’11 yillarin basinda her ii¢ iilkenin de arastirma reaktorlerinin oldugu
goriilmektedir. Japonya ilk elektrik {ireten prototip reaktoriinii 1963 yilinda kurmustur. Buna yakin bir
tarih olan 1965 yilinda Tiirkiye, 1977 yilinda isletmeye alinmasi planlanan bir CANDU tipi gii¢ reaktorii
kurulumu i¢i fizibilite ¢caligmasi1 yapmis fakat II. Bes Yillik Kalkinma Plani’nda bu santralin yerine
egitim amagli prototip bir santral kurulmasi planlandigindan projeden vazgecilmistir. 1966 yilinda
Japonya’da ithal edilen ilk ticari reaktor isletmeye acilmistir. Hemen ardindan teknoloji transferi ile
farkli reaktor tiplerinin insasina baslanmis ve 1970’li yillara gelindiginde kendi teknoloji kapasiteleri
biiyiik ol¢iide kurulmustur. Giiney Kore icin ilk niikleer gii¢ santralinin insasinin baslamasi ise 1975
yilinda gerceklesmistir. 1976 yilinda Tiirkiye’de bir NGS insas1 i¢in Mersin Akkuyu bdlgesi seg¢ilmis
ve yer lisanst alimmistir. Ancak verilen kredi garantisinin geri ¢ekilmesi sebebiyle bu proje iptal
olmustur. 1980°li yillar Giiney Kore i¢in ithal gii¢ reaktorlerinin hizli bir sekilde insa edildigi zaman
dilimi olmustur. Bu siirecte Tiirkiye, Akkuyu ve Sinop igin birer NGS ingaati girisiminde
bulunmaktaydi. Ancak gorlisme yapilan firmalarla anlagsmaya varilamadigindan proje
gergeklestirilememistir. 1987 yilinda Giiney Kore kendine yeterlilik i¢in teknoloji transferini baglatmis
ve KSNP tasarimini olugturmustur. 1996 yilinda Tiirkiye’de Akkuyu NGS i¢in yeniden bir ihaleye
¢ikilmis ancak bir sonu¢ alinamamistir. 2008 yilinda ihale igin gergeklestirilen yarigmanin iptal
edilmesinden sonra 2010 yilinda Rusya ile Akkuyu NGS insas1 konusunda karar kilinmis ve anlasma
imzalanmigtir. Su anda insast devam etmekte ve ilk tnitenin 2023 yilinda isletmeye alinmasi
planlanmaktadir. Giiney Kore ve Japonya giiniimiizde uluslararasi birgok projede sz sahibi olan, kendi
tasarimlarini gelistiren ve ihra¢ eden iilkeler konumundadir. Yukarida belirtilen tiim bu siirecler daha
anlagilir bir sekilde sunulabilmesi i¢in Sekil 1 Japonya ve Giiney Kore ve Sekil 2 Tiirkiye i¢in olmak

iizere birer sema haline getirilmis ve asagida verilmistir.
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1956: IAEA iiye devletlerine
katild1

|

1957: IAEA Uye Devletler'e
katildi

1957: Ik Arastirma Reaktorii
JRR-1 kritik oldu

|

1959: Atom Enerji Dairesi (OAE)
ve Atom Enerjisi Arastirma
Enstitiisii (AERI) kuruldu

1962: Yerli olarak insa edilen
ilk arastirma reaktorii JRR-3
kritik oldu

|

1962: i1k Arastirma Reaktorii
TRIGA Mark-II insaat1

1963: Elektrik iireten ilk
prototip kaynar su reaktorii
JPDR calismaya basladi

I

tamamlandi

1966: ithal edilen ilk ticari
reaktor Tokai-No c¢alismaya
basladi

I
Teknoloji transferi
gerceklestirilen LWR, BWR
ve PWR'ler insa edilmistir

l

Satin alinan tasarimlar Japon

sirketleri ile insa edilmis ve

benzer tasarimlar i¢in lisans
alinmustir

|

1970: Japonya kendi niikleer
teknoloji kapasitesini bilyiik
Olgiide kurdu

|

2005: Japonya Atom Enerjisi
Ajanst (JAEA) kuruldu

Uluslararasi
Termoniikleer
Deneysel Reaktor
Projes'ne (ITER)
katilmstir

1973: Kore Atom Enerjisi
Arastirma Enstitiisii (KAERI)
kuruldu

1975: i1k niikleer gii¢ santrali olan
Kori-1 ingaat1 basladi

1980'li yillar: ithal gii¢ reaktorleri
insa edilmeye bagland1

1987: Kendine yeterlilik icin ilk
teknoloji transferi programi
baslatildi

1987: Kore Standart Niikleer
Santrali (KSNP) tasarimi
olusturuldu

2012: SMART Reaktorii tasarimi
standart tasarim onayini ald1

2017: Gliney Kore'nin insa ettigi
ilk niikleer tesis olan JRTR
tamamlandi

Sekil 1. Japonya ve Giiney Kore niikleer teknolojileri gelistirme tarihi semasi
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1955: ABD ile Atom
Enerjisi Yasasi isimli
anlagma imzaland1

|
1956: Atom Enerjisi
Komisyonu (AEK)

kuruldu

1959: 1k arastirma reaktorii
TR-1'in temeli atild1

1965: CANDU tipi bir gii¢
reaktorii kurulumu igin
fizibilite ¢alismasi yapildi

1976: Mersin Akkuyu
bolgesine bir NGS
kurulmasina karar verildi ve
yer lisans1 alind1

1979: TRIGA Mark-11
Arastirma ve egitim
reaktdrii kritik oldu

1982: Akkuyu ve Sinop i¢in
NGS ingaat1 girisiminde
bulunulmustur

1996: TEAS Akkuyu
Niikleer Santrali i¢in
uluslararasi ihaleye
¢cikmistir

2008: TETAS Akkuyu
Niikleer santrali ihalesi i¢in
bir yarigsma diizenledi

112

2010: Rusya ile Akkuyu NGS
ingas1 konusunda karar kilind1
ve anlagsma imzalandi

Sekil 2. Tiirkiye niikleer teknolojileri gelistirme tarihi semasi
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Niikleer gii¢ reaktorleri ileri teknoloji ve yatirim gerektiren biiyiik projelerdir. Bu teknolojinin

edinilmesi ve devamliliginin saglanabilmesi i¢in uzun siireglerde istikrarli bir ilerleme saglanmasi
gerekmektedir. Tiirkiye niikleer enerjinin 6nemini erken bir donemde kavrayan ve bu alanda hizli bir
sekilde anlagmalar yaparak girisimlere baslayan iilkelerden biridir. Ancak niikleer teknolojilerin elde
edilme siirecinde c¢ogunlukla ekonomik tabanli sebeplerden kaynaklanan bir istikrarsizlik
gorlilmektedir. Niikleer siireglere Tiirkiye ile yakin tarihlerde baslayan iki iilke olarak Japonya ve Giiney
Kore’de bu istikrarin saglanabildigi ve bu teknolojiyi elde etme, transferini saglama ve gerekli altyapiy1
olusturma gibi adimlarin basariyla uygulandig1 goriilmektedir. Tiirkiye’de niikleer alanda olusturulan
politika dogrultusunda girisimlerde bulunulmaya devam edilmektedir. Tiirk 6grenciler ve uzmanlar tilke
icinde egitim almakta ve yurt disinda uzman yetistirme programlarina katilmaktadir. Yazarlarin goriisi
Tiirkiye i¢in kendine yeterliligin saglanmasi ve disa bagimliligin azaltilmast siirecinde niikleer alanlarda
gerekli ekipmanlarin iilke i¢inde de iiretilmesi gerektigi yoniindedir. Niikleer programlarda kullanilan
laboratuvar ve malzemelerin iyilestirilmesi ve yeni niikleer alanlarin agilmasi egitim faaliyetleri i¢in
faydali olacaktir. Teknoloji transferinin bagarili bir sekilde saglanmasindan sonraki siiregte Tiirkiye’nin

niikleer teknolojileri iireten ve ihrag eden bir iilke haline gelmesi beklenmektedir.

Tesekkiir -

Fon/Finansman bilgileri Herhangi bir kurum ve/veya kurulus tarafindan desteklenmemistir.
Etik Kurul Onay ve Izinler Calisma, etik kurul izni ve herhangi bir 6zel izin gerektirmemektedir.
Cikar Catismalari/Catisan Cikarlar Herhangi bir ¢ikar ¢atismasi yoktur.

Yazarlarin Katkist Bu galisma Sinop Universitesi Miihendislik ve Mimarlik Fakiiltesi Niikleer Enerji
Miihendisligi Boliimiinde bitirme projesi olarak sunulmustur. Tiim yazarlar, bu ¢aligmanin
yiriitiilmesine yazar olarak dahil edilmek tizere yeterince katkida bulunmustur. Tiim yazarlar makalenin

son halini okumus ve onaylamistir.
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Abstract

Development of new flexible distributions for modeling non-negative
measurements occuring in lifetime or reliability studies is a prominent
research area in Statistics. As being the most favoured positive definite
form, the Gamma distribution poses a basis for such improvements. It is
well known that transforming a Gamma variable with another continuous
random variable (X) creates Gamma-X family of distributions. Following
this principle, we here attempted to define the X variable as Folded-
Normal distributed which is also positive definite so as to propose a new
family of distributions. Named as Gamma Folded-Normal distribution
(GFN), our proposal is a generalization of Gamma Half-Normal
distribution and contains more freely estimated parameters. This study
evaluates some mathematical properties of GFN distribution such as
moments and illustrates the estimation procedure for unknown parameters
through a simulation study. A separate simulation is also conducted to
compare the performance of this new distribution with the Folded-Normal,
Half-Normal and Gamma Half-Normal distributions. Besides, the
practical importance of our new proposal is illustrated by analyzing a real
world data set.

Keywords:Gamma-X Family, Gamma Half-Normal, Folded-Normal,
Lifetime Data, Non-negative Modeling

Gamma Katlanmis-Normal Dagihm Onerisi
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Oz

Yasam ve giivenilirlik caligmalarinda ortaya ¢ikan negatif olmayan
Olciimleri modellemek i¢in yeni esnek dagilimlarin gelistirilmesi,
Istatistikte dikkat ceken bir arastirma alanidir. Pozitif tanimli ve en ¢ok
tercih edilen bir bigim olan Gamma dagilimi, bu tiir gelistirmeler i¢in bir
temel olusturur. Bir Gamma degiskenini baska bir siirekli rastgele
degisken (X) ile doniistiirmenin, Gamma-X dagilim ailesini olusturdugu
iyi bilinmektedir. Bu prensibi takip ederek, X degiskenini de yine pozitif
tanimli olan Katlanmis-Normal dagilimli tanimlayarak, burada yeni bir
dagilim ailesi Onermeye c¢alistik. Gamma Katlanmis-Normal dagilim
(GFN) olarak adlandirilan 6nerimiz, Gamma Y ari-Normal dagiliminin bir
genellemesidir ve daha fazla sayida serbest tahminli parametreler igerir.
Bu calisma, GFN dagilimmin momentler gibi bazi matematiksel
ozelliklerini gelistirmekte ve bir simiilasyon c¢alismasi araciligryla
bilinmeyen parametreler i¢in tahmin prosediiriinii gostermektedir. Bu yeni
dagilimin performansini, Katlanmis-Normal, Yari-Normal ve Gamma
Yari-Normal dagilimlan ile karsilastirmak igin ise ayr1 bir simiilasyon
calismasi da gerceklestirilmistir. Ayrica, bir ger¢ek hayat veri setinin
analizi yapilarak yeni 6nerimizin uygulamada énemi gosterilmistir.
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Introduction

Attempts to define new Gamma related probability distributions serve for non-negative modeling
particularly for lifetime processes. The need for such attempts stems from the fact that many well-known
distributions fail to provide precise evaluation of real world phenomena. In this respect, Alzaatreh,
Famoye, and Lee [1] suggested a new method to generate a new class of distributions. It is based on
transforming a random variable (T) by another random variable (X), resulting in T-X family of
distributions. If T is chosen as a Gamma distributed random variable then Gamma-X family of
distributions are produced [1]. Particularly suitable to the non-negative nature of lifetime processes, X
is further chosen as a positive definite continuous distribution. In the literature, Half-Normal (HN)
distribution appears one of the most preferable transformer (X) for this purpose, which creates the
Gamma Half-Normal (GHN) distribution [2]. This new form is stated as more flexible due to the
additional shape («) and scale (/) parameters of Gamma to the only parameter of HN (o) that
characterises the shape [3]. The Folded-Normal distribution (FN) is also suitable for modeling
positive values and known to be a special case of the Gaussian distribution [4, 5]. It resembles the
HN distribution where the location parameter u is not necessarily zero. FN distribution can be
considered as a good candidate for the derivation of a new flexible distribution due to its additional
location parameter. The main objective of this study is therefore to offer a new combined form of
Gamma using the Folded-Normal distribution with the claim of that the resulting distribution would
provide a more accurate assessment of the data. The proposal of the Gamma Folded-Normal (GFN)
distribution would be a member of Gamma-X family of distributions and could be considered as a
generalization of the GHN distribution as it turns out to be the GHN distribution when its location
parameter w4 is equal to zero. The aim of this study is to provide various properties of this new
distribution including maximum likelihood estimation of its four parameters. Two simulation
studies are conducted to investigate the distributional properties of GFN in comparison to the HN,
FN, and GHN distributions. A real data example is also provided to support the conclusions drawn
from the simulation experiments. The outline of the paper is as follows. Next section gives a
general definition of Gamma-X family and Folded-Normal distributions. This is followed by the
generation of the GFN distribution based on this definition as well as the derivation of the
maximum likelihood estimates of the parameters and moments for this new form. As a crucial
step of parameter estimation process, the choice of initials for the model parameters is
introduced as a requirement of an optimization process in a separate section. Simulation section
provides a performance evaluation for each distribution with respect to bias, precision, and

accuracy measures as well as the log likelihood values. Following section discusses the
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applicability of the GFN distribution through a real world data analysis. The paper is then

finalised with a brief discussion.
The Folded-Normal and Gamma-X Family of Distributions

Let X be a random variable that has the FN distribution with a location parameter y and a scale parameter
0. The probability density function (PDF) of X ~ FN(u, o) can be defined as

1

1 1 1
f(X; p_,o'): \/77 [e 202

Ce? 202(X+u)2] )

where u > 0 and o > 0. Note that this functional form reduces to the PDF of the HN distribution when
the location parameter u is equal to zero. Taking the integral of (1) with respect to X gives the cumulative
density function (CDF) of the FN distribution:

=y -1 )

Fx;,0) = ®(5) + (=,
where @(.) is the CDF of the standard normal distribution. Then, (1) and (2) above can be incorporated
into Gamma-X family of distributions to produce our new proposal which would contain four parameters
(i.e., @ and B belonging to the gamma distribution and u and ¢ to the FN distribution).

The Gamma-X family of distributions is a member of a more general the T-X family of distributions
described by [1]. The PDF and the CDF of the Gamma-X family of distributions are the main tools for
characterizing the new proposal of the current paper. In general definition, the PDF of the Gamma-X

family of distributions is given by

1 1

I'(@)p*

RGO = —— £ (~log(1 — FOY) (1 — F))F~ @)

where a and £ are the parameters of the gamma distribution and f (x) and F(x) are the PDF and CDF
of the continuous target distribution (e.g., the FN distribution with parameters u and o in our case),

respectively. Similarly, the CDF of the Gamma-X family of distributions is defined by
Hx) = [ 50 r(yde 4

1
BT (a)

Following the principles of the Gamma-X family of distributions introduced here, the next section gives

t
t*1le B, t > 0 is the PDF of the Gamma distribution.

where r(t) =

the derivation of our new proposal, namely Gamma Folded-Normal (GFN), as well as the elaboration

of the parameter estimation and the evaluation of the moments for this new form.
The GFN Distribution: Definition and Parameter Estimation

Let X be a positively defined random variable from the GFN distribution (X ~ GFN(a, 8, u, 0)) with
four freely estimated parameters, where ¢ > 0 and a, 8, and o > 0. The PDF of variable X can be
obtained by incorporating the PDF and CDF of the FN distribution in (1) and (2) into the PDF of the

118



Altinisik et al. Sinop Uni J Nat Sci 7(2): 116-131 (2022)
ISSN: 2536-4383
Gamma-X family of distributions in (3). The resulting PDF of X is here named as the GFN distribution

and can be defined as

b1 aheew? | aw)?
" g @ e T e
X (—log(2 — ®(=E) — &(=Hy))*? ©)

- +pu L
x @ - o5 - o—Hyr

The Gamma Folded-Normal distribution containing four freely estimated parameters is the end point of
a sequence of generalizations which started with the Half-Normal distribution. The h(x) function above
reduces to the PDF of the GHN distribution for u = 0; the FN distribution for « = § = 1; and the HN
distribution for @ = 8 = 1 and u = 0. Figure 1 displays the distrbutional forms of the GFN for varying

values of a, 8, i, and o parameters.

[Parameters
a=10,p=10,p=0,6=1.0
«=05p=10,u=0,6=1.0

— a=1.0,p=20,4=0,6=1.0
a=1.0,p=10,u=0506=1.0
a=1.0,p=10,p=0,6=20

Figure 1. lllustrations of the GFN distribution with varying values of parameters.

The CDF of Gamma-X family of distributions in (4) with respect to the FN continuous target distribution

is defined as

_ 1 -log-oEh-otly) g
H(x) = S Jo t%le Bdt (6)
By applying u = L transformation, the H(x) function above becomes

B

xX+u

H(x) = y(a,~5log(2 — ®(=F) — d(25)/I(a) (7)

g

where y(.) is the lower incomplete gamma function with y(a, A) = f(f u®letdu.

Let xq,x5,...,x, be a sample of size n from the GFN distribution. To facilitate the log likelihood
function based on this sample, the h(x) function is analogously expressed by

1 1 (x—w)? x+w? _(x—p)?

=ﬂ“[‘(a) — [e 202 (1+e 202 e 202 )]

h(x)
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X (—log(2 — ®(=E) — d(=Hy))*? (8)

— x + 1
x@- ot ot

where @(.) is the CDF of the standard normal distribution.

Then, the log likelihood function for the Gamma Folded-Normal distribution is given by
logL(a, B, 1, 0) = —anlog(f) — nlog(l'(a)) — ;log(Znaz)

xX; — 2 n 2ux;
Z( #) +Zlog(1+e a2)

+(a — 1) B log(~log(2 - <I><%> — o(Ety) (©)

g

+@—n§]%@—¢( b - ol

The log likelihood function above can be maximized by the estimates of «, 8, u, and ¢ parameters. This
can be ensured by taking the derivative of the log likelihood function with respect to each parameter and
setting the resulting expression equal to zero (see Appendix A). However, these expressions do not have
closed form solutions, since they involve the functions of the CDF of a Normal distribution and/or the
derivative of the Gamma function. Thus, a numerical procedure is utilized to estimate model parameters.
The Rv3.2.4 package maxLik with the subroutine Broyden-Fletcher-Goldfarb-Shanno (BFGS)
optimisation method is used for maximum likelihood estimation. Implementation of the BFGS
procedure in R statistical software [6] requires a set of properly chosen initial values for the parameters,

which will be elaborated after defining the moments for the GFN distribution in the following section.

Moments

Lemmal Ifu = —log[2 — <1>( £y — <1>(X+“ ], the derivative with respect to u can be defined as

1 [ (- (x+uz)2]
e 20 +e 20
du = \2mo

Il (- E1h
Proof u = —log[2 — (L) — o ()
= —log[1— ®(=H) +1 - ()]
= —log[®(— =) + o(- 1)

where ®(.) is the CDF of the standard normal distribution. Thus,

du = [0’ (-ZH+e’ (-2
o ta(- ";"n
_ _=w)?
where  ®'(—=F) = \/%_ne 207
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(x+p)?
+ 1 -
and CD,(— %) = Ee 202 |

Lemma 2 If u = —log[2 — ®(=5) — &(

28], variable X following GFN distribution can be defined
with respect to u as
x = (—0.5)ad " 1(e™™)

Proof. By following Lemma 1,
X—U x+u
P(——) + P(———) = e %
=) +e(-—)=e
If we take the inverse CDF of both sides of the equation above

X — X+
0 H_l_ u

o

]=o71(e™)
and then
x = (—0.5)ad " 1(e™™).
The rth moments of the GFN distribution using the PDF of variable X in (5) can be defined as

ry__ T L (7 oo g Cetn)?
E(X") ﬁ“F(a)Wfo X"[e 2 +e 2 ]
X (—log(2 — d(=H) — o (Fy))* (10)

X—U x+pu L
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2= d(—) ~ ()
By following Lemma 1 and Lemma 2, the equation above can be simplified as

(-0.5)"a"

erte Jy (@71 (e™™)]"us e Bdu. (11)

E(X") =

Note that there is no closed form solution available for the integral above, similar to the moments of the
GHN distribution (see [2, p. 109]).

Choice of Initials

This section elaborates on how to choose initial values for the parameter(s) of the HN, FN, GHN, and
GFN distributions. Like many optimization techniques, the BFGS method often converges and performs
well in estimating model parameters if the initials for the parameters are close enough to the roots of
expressions set to zero. The sample mean (x) is considered in this paper as a reasonable initial for the
location parameter w in the FN distribution, that is, uini: = X, where X ~ FN(u, 0). Moreover, an

association between parameters u and o in the FN distribution is given by [6].
n 2

g2 =2z _ 2 (12)

n

Based on this relationship, the initial for the scale parameter o is chosen as
n 2

i X —
Oinit = [T5— — x? (13)
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where the parameter u is replaced by the sample mean x.

In addition, a set of initials for the parameters of the GHN distribution is provided by [2]

< | &y

(14)

_ 2
Oinit = \/gx. Tinit = 5z and  PBipit =
where y and s,, are the sample mean and standard deviation of y; = log(2®(— g)), i=12,...,nthat

is assumed to be drawn from the Gamma distribution with parameters @ and 8. The equation o, =
\Ef can also be used as the initial for the scale parameter ¢ in the HN distribution, since this distribution

is a special case of the GHN distribution where @« = = 1. This paper utilizes the sample mean as the

initial for the location parameter p in the GFN distribution. The formulas in (14) are used to obtain the
initials for the other parameters, where y; = —log(2 — ®(*-5) — q)(%)), i=1,2,...,n come from
the Gamma distribution. As will be elaborated in the next section, the conformity of the set of initials

above when estimating model parameters for the GFN distribution is empirically tested and validated

via a simulation study.
Simulations

This section conducts two separate simulations. In the first, the conformity of the sets of initials
presented in the previous section are empirically tested and validated by measuring the bias, precision,
and accuracy with varying sample sizes for the HN, FN, GHN, and GFN distributions, respectively. In
the second simulation, the performance of the distributions are compared to each other in relation to
varying sample sizes based on the log likelihood values. Parameter estimation in the simulations is
performed using the method of maximum likelihood with the Conjugate-Gradient (CG) optimisation
method.

For the first simulation, the measures used for the estimates of each parameter can be defined as:

S
T
Bias = EZ @, — 0),
s=1

Precision = % S_1 (6, — 6)?, (15)

s
1 A
Accuracy = EZ (6, — 6)?,
s=1

where § = %2521 0, fors = 1,2,...,1000. The steps below are executed to obtain these measures under
each of the distributions:
Step 1:

(a) For the HN distribution: Set o = 2 as the population value of the scale parameter, where the location

parameter u is assumed by definition to be set to zero.
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(b) For the FN distribution: Set © = 4 and ¢ = 1 as the population values of the location and scale

parameters, respectively.

(c) For the GHN distribution: Set the population values of the parametersasa =1, 8 = 1,and g = 2.
(d) For the GFN distribution: Set the population values of the parametersasa =1, 8 = 1, u = 30,
and o = 0.8.

Step 2: Choose the sample size as N = 20,50, 100 or 1000.

Step 3: Generate the data from one of the listed distributions with the particular parameter values defined
in Step 1 and with the sample size chosen in Step 2.

Step 4: Set the initials for the parameters based on the information given in the previous subsection.
Step 5: Estimate the model parameter(s) for each distribution and calculate the bias, precision, and
accuracy measures in (15). Repeat steps from 3 to 5 by 1000 times.

Step 6: Calculate the means of the estimates and measures in Step 5 across 1000 simulation trials.
Table 1 displays the results of the first simulation for the sample sizes of 20, 50, 100 or 1000. The
estimates of parameters get closer to the population values of parameters (i.e., smaller bias), thus better
precision and accuracy measures are obtained as the sample size increases. This implies that the set of
initials provided in the previous section are adequately determined.

For the second simulation, the data sets are generated with varying sample sizes (i.e., 20, 50, 100, and
1000) from the HN, FN, and GHN distributions. The performance of the GFN distribution is inspected
along with these distributions with respect to log likelihood values. Figures 2, 3, and 4 display the log
likelihood values obtained across the 1000 simulation trials, where X ~ HN(o = 2), X ~ FN(u =
4,0 =1), and X ~GHN(a =1, = 1,0 = 2), respectively. The log likelihoods for the GFN
distribution in these figures are often larger than those for other distributions, no matter what the
underlying distributions of the simulated data sets are. The superiority of the GFN distribution becomes
more apparent for larger sample sizes. It should be noted that, since the HN distribution has only the
scale parameter, it is not a flexible distribution, and thus, it does not perform well (i.e., it has small log
likelihood value) when compared to other distributions. In the simulations, this happened when the data
sets are generated from the HN distribution using a small sample size (i.e., when n = 20) and when the

data sets are generated from the FN distribution, where the location parameter is ¢ = 4 and not u = 0.
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Table 1. Estimates, bias, precision, and accuracy measures for the parameters of the HN, FN, GHN,
and GFN distribution

X ~HN(o = 2)

Sample size 7 Bias (o) Precision (o) Accuracy (o)
N =20 1.969 -0.031 0.097 0.098

N =50 1.993 -0.007 0.041 0.041

N =100 1.995 -0.005 0.018 0.018

N = 1000 2.000 -0.0004 0.002 0.002

X~FN(u=4,0=1)

Sample size 1 Bias (1) Precision (u) Accuracy (u)
N =20 3.999 -0.001 0.052 0.052

N =50 3.991 -0.009 0.021 0.021

N =100 3.997 -0.003 0.011 0.011

N =1000 4.000 0.0005 0.001 0.001
Sample size é Bias (o) Precision (o) Accuracy (o)
N =20 0.958 -0.042 0.024 0.026

N =50 0.986 -0.014 0.010 0.010

N =100 0.992 -0.008 0.005 0.005

N =1000 0.999 -0.001 0.0005 0.0005

X~GHN(a=1,8=1,0=2)

Sample size a Bias (a) Precision (a) Accuracy (a)
N =20 1.150 0.150 0.164 0.187

N =50 1.042 0.042 0.055 0.056

N =100 1.019 0.019 0.028 0.029

N =1000 1.008 0.008 0.004 0.004
Sample size ¢ Bias (B) Precision (B) Accuracy (B)
N =20 1.533 0.533 1.726 2.011

N =50 1.592 0.592 1.727 2.078

N =100 1.405 0.405 1.016 1.180

N =1000 1.024 0.024 0.107 0.108
Sample size o Bias (o) Precision (o) Accuracy (o)
N =20 2.242 0.242 1.683 1.741

N =50 2.179 0.179 1.300 1.332

N =100 2.131 0.131 0.960 0.977
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X~GFN(a =1, =1,u = 30,0 = 0.8)

Sample size a Bias (a) Precision (a) Accuracy (a)
N =20 0.811 -0.189 0.279 0.315
N =50 0.903 -0.097 0.229 0.238
N =100 0.970 -0.030 0.127 0.128
N = 1000 1.013 0.013 0.017 0.017
Sample size It Bias (B) Precision (B) Accuracy (B)
N =20 1.904 0.904 3.012 3.830
N =50 1.693 0.693 1.794 2.274
N =100 1.344 0.344 0.824 0.942
N = 1000 1.062 0.062 0.118 0.122
Sample size /i Bias (u) Precision (u) Accuracy (i)
N =20 30.213 0.213 1.309 1.355
N =50 30.093 0.093 0.955 0.964
N =100 30.048 0.048 0.647 0.619
N = 1000 29.988 -0.012 0.103 0.104
Sample size é Bias (o) Precision (o) Accuracy (o)
N =20 0.609 -0.191 0.444 0.481
N =50 0.671 -0.129 0.061 0.078
N =100 0.732 -0.068 0.025 0.030
N = 1000 0.795 -0.005 0.004 0.005
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Log likelihood values

Log likelihcod values

Figure 2. The log likelihood values with varying sample sizes where X ~ HN (o = 2).
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Real Data Example

In order to illustrate the fitting performance of the new Gamma Folded-Normal distribution, the strength
data for single carbon fibers first reported by Bader and Priest [7] were used. Single fibers were
measured in GPA and tested under tension at gauge lengths of 1, 10, 20 and 50 mm. For the current
study, we considered the transformed form of the tensile strength data for the single fibers of 20mm
(N=69) which have also been the subject of some other studies for modeling purposes [8, 2]. The
performance assessment of GFN was achieved by comparing its probability density function and
cumulative density function with those of the Half-Normal, Folded-Normal, and Gamma Half-Normal
distributions. Figure 5 presents the histogram of the data and the estimated HN, FN, GHN, and GFN
distributions. This figure shows that the fits of the GFN and FN distributions to the data are better than
that of the HN and GHN distributions. Figure 6 displays the cumulative density functions for all
distributions. It should be noted that the cumulative density function for the GFN distribution (along
with the CDFs of other distributions except the HN distribution) fluctuates around the empirical
cumulative distribution function, which implies that the GFN distribution performs well in explaining

the underlying distribution of the data.
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Figure 5. Histogram of the data and probability density functions with the fit of HN, FN,
GHN, and GFN distributions.
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Figure 6. Cumulative density functions for the HN, FN, GHN, and GFN distributions.

Table 2 displays the maximum likelihood estimates (MLEs) of model parameters for the HN, FN, GHN,
and GFN distributions. Table 3 shows the log likelihood values for the distributions. The results
presented in this table indicate that the GFN distribution has the best fit among the four distributions. In

comparison to the GHN distribution, the fitting performance seems to be improved by the additional
location parameter.

128



Altinisik et al.

Sinop Uni J Nat Sci 7(2): 116-131 (2022)

ISSN: 2536-4383

Table 2. Parameter estimates of the HN, FN, GHN, and GFN distributions for the tensile strength data

Distributions Parameters Estimates
HN OuN oyny = 1.53
FN HEN fry = 1.45

OFN 0ry = 0.49
GHN AGHN Aeun = 2.89
Beun BGHN =3.11
OGHN ey = 0.40
GFN AN agry = 2.09
Bern ﬁ’GFN = 0.20
HGrN fAgrn = 1.95
OGFN 6cry = 0.94

Table 3. The log likelihood values of the four distributions for the tensile strength data

Distributions

Log likelihoods

HN -79.527
FN -48.851
GHN -49.665
GFN 48.631

Discussion

This paper proposes a new distribution named as the Gamma Folded-Normal distribution. This
distribution is flexible in the sense that it contains @ and 8 parameters of the Gamma distribution and u
and o parameters of the Folded-Normal distribution. First, an appropriate set of initials for these
parameters are determined. Then, the adequacy of the set of initials are empirically tested and validated
by means of a simulation study. It has been shown by another simulation study that the GFN distribution
often has larger log likelihood values than the HN, FN, and GHN distributions especially when the
sample size is large. A real life data example is used to illustrate the applicability of the GFN distribution.
Both the emprical and real world data indicate that the GFN distribution provide an adequate fit to the
data. It can be concluded that our proposal GFN distribution enriches the Gamma-X family of

distributions and provides a valuable distributional form for modeling the non-negative measurements.
Appendix A.

The derivative of the log likelihood function in (3) with respect to each of the four parameters for the

GFN distribution are given by
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Oz
Viicutta eser element olarak bulunan bakir (Cu), bir¢ok enzimin yapisinda
yer alirken, gebelik doneminde ¢esitli faktorlere bagli olarak miktarinin
degisiklik gostermesi ile gebe ve fetiis lizerinde olumsuz etkiler
olusturabilmektedir. Cu eksikliginde prematiirite, beslenme ve emilim
bozukluklari, asir1 beslenme, kronik diyare goriiliirken, bakir
toksisitesinde karaciger ve bobrekte nekroz ve sindirim sistemi
kanamalarini olusturdugu ileri siiriilmiistiir. Karabiik Egitim ve Arastirma
Sorumlu Yazar Hastanesi’ne doggrp yapmak tzere ge’len gebelere (n=50) rastgele
Yilmaz ALTUNER orneklem yontemi ile hem kaq apa!m hem Fle anket uygulanarak
ayilmaz@karabuk.edu.tr sosyodemografik sopuglar eld.e e(.hlr.nlstlr. Gebelerin yas onalgrpalarl 29.2
+ 5.39 olup, %80’i herhangi bir iste ¢alismazken, %20’si ilkokul ve
%26’s1 ortaokul mezunu olarak belirlenmigtir. Ayrica gebelerin %18’inin

Yazarlara ait ORCID kronik hastaliginin bulundugu, %12’sinde gestasyonel diabetes mellitus
Y.A:0000-0002-8162-2842 ve %4’inde hipertansiyon oldugu belirlenmistir. Arastirmamizda
E.E:0000-0001-8625-819X maternal kanda Cu diizeyi ortalama 200.7 + 43.3 png/dl olarak

bulunmustur. Ayrica gebenin maternal yas, yasam siiresi, yasadig1 yerin
fabrika, otogar ve anayola yakinligi ile bakir diizeyi arasinda herhangi bir
Received: 17.11. 2021 iliski bulunamazken (P>0.05), gebelerin lise ve ortaggretim mezunu olan
Accepted: 21.06.2022 eslerinde kan bakir diizeyleri arasinda anlamli iligski saptanmustir (P<0.05).
Gelecekte gebeler ve fetiis lizerinde bakirin uzun dénem olasi etkilerinin
kapsamli  aragtirilmasma ve envanter tutulmasina gereksinim
duyulmaktadir.

Anahtar Kelimeler:Gebelik, maternal kan, bakir, eser element

Determination of Copper Level and Affecting Factors in Maternal Blood

Karabiik Universitesi Saglik Abstract

Bilimleri Fakiiltesi, Ebelik While copper (Cu), which is found as a trace element in the body, is
Boliimii, Baliklar Kayasi, included in the structure of many enzymes, it can have negative effects on
Karabiik, Tirkiye the pregnant and fetus due to its amount changing depending on various

factors during pregnancy. Prematurity, nutritional and absorption
disorders, overnutrition, chronic diarrhea are seen in Cu deficiency, while

%Karabiik Universitesi, copper toxicity has been suggested to cause liver and kidney necrosis and
Lisaniistii Egitim Programi,  gastrointestinal bleeding. Sociodemographic results were obtained by
Ebelik Boliimii, Baliklar applying both blood analysis and questionnaire with random sampling
Kayas1, Karabiik, Tiirkiye. method to pregnant women who came to Karabiik Training and Research

Hospital (n = 50) to give birth. The average age of pregnant women is 29.2
+ 5.39, 80% of them do not work, 20% of them are primary school
graduates and 26% are secondary school graduates. In addition, it was
determined that 18% of pregnant women had chronic disease, 12% had
gestational diabetes mellitus and 4% had hypertension. In our study, the
mean Cu level in maternal blood was found to be 200.7 + 43.3 pg / dl. In
addition, while there was no correlation between maternal age, life
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expectancy, proximity to the factory, bus station and main road and copper
level of the pregnant women (P>0.05), a significant relationship was
found between the blood copper levels in the spouses of high school and
secondary school graduates (P<0.05). In the future, it is necessary to
investigate the long-term possible effects of copper on pregnant women
and fetus and to keep an inventory.

Bu ¢aligma Creative Commons
Attribution 4.0 International
License ile lisanslanmigtir

Keywords: Pregnancy, maternal blood, copper, trace element

Giris

Bakirin canli viicudunda yeri doldurulamaz bir iz element oldugu ve otuzun iizerinde proteinde
bulundugu belirlenmistir [1, 2]. Insan viicudundaki ortalama bakir diizeyinin 100 mg, serum bakir
diizeyinin 70-140 mcg ve yetigkin bireylerin almas1 gereken giinliik bakir miktarmin 1-1.6 mg oldugu
ileri stiriilmustiir [3]. Bakir metabolik reaksiyonlarda, oksijen tasima ve antioksidan olarak gorev yapan
[4], gebelik ilerledikce artis gosteren [5] ve gebelik sona erdikten sonra eski seviyesine geri donen [6]
viicut i¢in 6nemli bir iz elementtir. Insan viicudunda bakir en ¢ok karaciger olmak iizere, bobrek, kalp,
kas dokusu beyin ve sagta bulunmustur [7, 8]. Viicutta bakirin baslica adrenalin ve prostaglandin tiretimi
[9], myelin kilifi olusumu, deri ve kil pigmentasyonu, hemoglobin ve kardiyak fonksiyonlar, hiicresel
solunum [10, 11], savunma sistemi fonksiyonlari ve melanin pigmentinin sentezlenmesinde [12] gorev
aldig1 belirlenmistir. Viicuda alinan bakirin %981 safra ile, %2’si ise iiriner sistem ile uzaklastirilir [6].
Disiik bakir seviyesi gebelik ¢iktilarin1 olumsuz etkilemektedir. Omeljaniuk ve ark. [12] diisiik yapan
gebelerin sigara igen gebelerle benzer sekilde plasenta bakir oranlarinin 3 kat daha diigsiik oldugunu
saptamugtir. Alebic ve Frkovic [13] spontan abortus, missed abortus, abortus imminens ve anembriyonik
gebelik gibi birinci trimester hastaliklarinda bakir diizeyinin anlamli 6lgiide diisiik oldugunu ileri
stirmiislerdir. Gebelik doneminde bakir ile diger eser elemenler arasinda belirgin bir iligki
bulunmaktadir. Bu donemde artan demir eksikligi sonucunda maternal kan, karaciger, serum ve
plasentada [14, 15] bakir ve seruloplazmin [16] seviyesinin yiikseldigi ileri siirtilmiistiir. Ayrica anne
viicudundaki bu yiikselmenin aksine fetal karacigerde bakir seviyesinin azalmasinin bakir
metabolizmasini diizenleyen genlerde olumsuz etkiler gosterdigi belirlenmistir [17, 18]. Diger taraftan
¢inkonun noral tiip defekti gelisiminde bakir metabolizmasini etkileyerek rol oynayabildigi de ileri
strtilmiistir [19-21]. Gebelerde bakir ile preeklampsi arasinda bir iligki bulunmaktadir. Sarwar ve ark.
[23] preeklampsi olan gebelerde serum bakir diizeyinin kontrol grubundan anlamli dlgiide diisiik
oldugunu bulmustur. Buna karsin Fan ve ark. [22] kesitsel ve 10 vaka kontrol ¢aligmasini dahil ettigi bir
meta analiz ¢aligmasinda Sarwar ve ark. [23] nin ¢aligmasinin aksi yoniinde sonuglar bulmustur.
Literatiir taramasinda iilkemizde bakir ile ilgili yapilan ¢aligmalarin yetersiz oldugu belirlenmistir.
Aragtirmamiz Karabiik Egitim ve Arastirma Hastanesi’ne basvuran gebelerin (n=50) sosyo-demografik
ozellikleri ve kan analizleri yapilarak bakir diizeyi ve bunun gebelik {izerine olasi etkilerini belirlemek

amaciyla yapilmistir.
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Materyal ve Metot

Arastirmaniz Karabiik Universitesi Girisimsel Olmayan Etik Kurul izni ve BAP (Bilimsel Arastirma
Projesi) koordinatorliigii tarafindan desteklenen proje ile Karabiik Universitesi Egitim ve Arastirma

Hastanesi’nde 01.09.2018-01.09.2019 tarihleri arasinda gerceklestirilmistir.
Arastirmanin Evren ve Orneklemi

Karabiik Egitim ve Arastirma Hastanesi’ne 01.09.2018-01.09.2019 tarihleri arasinda dogum ig¢in
bagvuran tiim gebeler arastirmanin evrenini olusturmustur. Orneklemi iletisim problemi ve mental
yetersizligi olmayan, Tiirk¢e anlayip konusabilen, son 1 yildir Karabiik ilinde yasayan ve arastirmaya

katilmay1 kabul eden 100 gebeden olusmustur.
Bagimh ve Bagimsiz Degiskenler

Arastirmamizda bagimli degiskeni gebe kaninda bakir diizeyi olustururken, bagimsiz degiskenleri
meslek, yas, egitim durumu, kronik hastalik varligi, yasam alaninin otogar, fabrika ve anayola mesafesi,

evin bulundugu konumun trafik yogunlugu ve Karabiik ilinde yagam stiresi olusturmustur.
Verilerin Toplanmasi ve Analizi

Arastirmamizda sosyo-demografik ve obstetrik 6zellikleri, gebelige bagli saglik sorunlari, tibbi dykiisii
ile ilgili 6zellikleri belirlemek i¢in gebelere 34 soru sorulmustur. Arastirmaya katilan biitiin gebelerden
5-10 ml venoz kan alinmistir. Alinan kan EDTA’s1z eser element tiipiine alinip santrifiij edildikten sonra
serum kismi enjektor yardimi ile ependorf tiipiine aktarilmig ve analiz edilene kadar -80°C’de
bekletilmistir. Toplanan kanlar Baran Medikal toksokoloji laboratuvarinda galisilmistir. Kanlarin analizi
Grafit Firin Atomik Absorpsiyon Spektrometre Cihazi ile yapilmistir. Sosyo-demografik degiskenlerin
birim sayilar1 nedeniyle Shapiro Wilk’s’den yararlanilmis ve normal dagilimdan gelme durumlar
degerlendirilmistir. Sonuglar yorumlanirken anlamlilik diizeyi olarak 0.5 kullanilmis olup; P<0.05
olmasi durumunda anlamli bir iligskinin oldugu, P>0.05 olmasi durumunda ise anlamli bir iligkinin

olmadig1 belirtilmistir.
Bulgular

Maternal kanda bakir diizeyi ve etkileyen faktorlerin belirlenmesi amaciyla elde edilen bulgular su
sekilde siiflandirilarak tablolastirilmistir.

1. Gebelerin sosyo-demografik 6zellikleri ile bakir degerlerinin karsilagtirilmasi

2. Gebelerin tibbi dykiisiine bagli degiskenlerin bakir degerleri ile karsilastiriimasi

3.Gebelerin bulundugu lokasyon degiskenleri bakir degerleri ile karsilastirilmasi
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1. Gebelerin Sosyo-Demografik Ozellikleri ile Kandaki Bakir Degerlerinin

Karsilastirilmasi

Arastirma sonuc¢larimiza gére maternal kanda bakir diizeyi ortalama 200.7 £+ 43.3 pg/dl olarak
saptanmistir. Calismaya katilan gebelerin yas ortalamasi 29.2 + 5.39°dur (Tablo 1). Maternal kanda
bakir diizeyi ile anne yasi arasinda anlamli bir fark saptanmamustir (P>0.05) (Tablo 1). Maternal kandaki
bakir diizeyi ve ¢aligma durumu incelendiginde ev hanimi 197.9 + 39.2 pg/dl, memur 232.9 £ 0.25 pg/dl,
is¢i 190.1 + 0.25 ng/dl, serbest meslek 228.4 pg/dl, diger 6zel sektor calisanlarinda ise 199.1 pg/dl
degerleri bulunmus, aralarinda anlamli bir iligkiye rastlanmamistir (P>0.05) (Tablo 1). Gebelerin
eslerinin egitim durumu ile kan bakir diizeyleri arasindaki iliski incelendiginde, bakir diizeyi, okuryazar
esi olanlarda 165.5 £ 7.77 pg/dl, ilkokul mezunu olanlarda 189.4 + 39.48 pg/dl, ortaokul mezunu
olanlarda 240.3 + 33.38 pg/dl, lise mezunu olanlarda 183.2 + 29.96 pg/dl, lisans ve isti mezunu
olanlarda ortalama 226.0 + 53.57 ug/dl olarak saptanmistir. Esi okuryazar olan gebelerin kan bakir
diizeyi diger gruplara gore daha diisiik bulunmustur (165.5 = 7.77 pg/dl (P<0.001) (Tablo 1). Gebe
eslerinin meslekleri ve kan bakir diizeyi arasindaki degerlendirildiginde, esi is¢i olanlarda 195.0 + 39.51
pg/dl, memur olanlarda 212.8 + 60.50 pg/dl, serbest meslek yapanlarda 203.9 + 49.94 ug/dl ve diger
olarak belirtilen 6zel sektor ¢alisanlarda 200.4 + 19.61 pg/dl olarak tespit edilmistir (P<0.001). (Tablo
1).

Tablo 1. Gebelerin sosyo-demografik ozellikleri ile bakir degerlerinin karsilastiriimasi

Bakar Diizeyi
N Arit. Ort. = SS Min-Maks istatistiksel Analiz
Bakir Diizeyi 50 200.7 £43.3 127.4 —339.2
Yas 50 29.2 +£5.39 18 - 40
Sosyo-demografik ozellikler N r P
50 0.08 0.580
N %  Arit. Ort. £ SS Sira Ort.
Okuryazar 4 8 195.7 +37.2 24.75
Tlkokul 10 20 198.3 +47.1 23.90
Ortaokul 13 26 208.7 + 38.6 29.69
Lise 14 28 196.6 + 37.4 24.93 H=1.623; P=0.805
Lisans ve tistii 9 18 200.3+61.6 22.44
Ev hanimi 40 80 197.9+39.2 25.13
Memur 4 8 2329 £0.25 86.51
Isci 4 8 190.1 + 0.25 35.50 H=1.417; P=0.841
Serbest 1 2 228.4 + yok 29.00
Diger 1 2 199.1 + yok 25.00
Okuryazar 2 4 165.5+£7.77 13.00
Ilkokul 11 22 189.4 +39.48 22.27 H=14.667:
Ortaokul 8 16 240.3 +33.38 39.38 P=0.005*
Lise 20 40 183.2 +29.96 19.70
Lisans ve isti 9 18 226.0 +£ 53.57 32.78

r=Korelasyon Katsayis1 H=Kruskal Wallis H Testi, Arit. Ort: Aritmetik ortalama, ss: standart sapma, sira ort.:
swra ortalamasi, N=6rnek sayisi, Y%o=yiizde, P=anlamlilik diizeyi
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2.Gebelerin Tibbi Opykiisiine Bagh Degiskenlerin Kandaki Bakir Degerleri ile
Karsilastirilmasi

Gebelerin kalitsal hastalik varlig1 ve bakir diizeyi arasindaki iliski incelendiginde kalitsal hastalig1 olan
gebelerin kan bakir diizeyi 196.4 + 38.45 pg/dl, kalitsal hastaligi bulunmayan gebelerin ise 204.3 +
47.42 ug/dl olarak tespit edilmis ve bu sonug istatistiksel olarak anlamli bulunmamistir (P>0.05) (Tablo
2.). Gestasyonel hipertansiyonu olan gebelerin kan bakir diizeyi 236.8 + 5.63 pg/dl, hipertansiyonu
bulunmayan gebelerin ise 201.0 + 43.52 pg/dl olarak saptanmustir. Iki grup arasinda anlamli bir farklilik
saptanmamasina ragmen (P>0.05), hipertansiyonu olan gebelerin bakir diizeyleri yiiksek bulunmustur.
Yine gestasyonel diyabeti olan gebelerin bakir seviyesi 203.5 £ 46.92 ng/dl, gestasyonel diyabeti
olmayan gebelerin 200.3 = 43.32 pg/dl olarak bulunmasina ragmen anlamli bir iligki tespit edilmemistir
(P>0.05) (Tablo 2). Sigara icen gebelerde kan bakir diizeyi 180.1 + 0.30 ug/dl, sigara igmeyenlerde
203.5 + 0.16 pg/dl olarak bulunmustur. Sigara igen gebelerin kan bakir diizeyi daha diisiik bulunmasina
ragmen anlamli bir farklilik saptanmamistir (P>0.05). Sigara dumanina maruz kalan gebelerde kan bakir
diizeyi 192.8 £ 39.40 pg/dl, sigara dumanina maruz kalmayan gebelerde ise 209.2 + 46.43 pg/dl olarak
tespit edilmis ve iki grup arasinda anlamli bir fark bulunmamistir (P>0.05) (Tablo 2).

Tablo 2. Gebelerin ubbi dykiisiine bagl degiskenlerin kandaki bakwr degerleri ile karsilagtirilmast

Bakir Diizeyi
Istatistiksel
N r P Analiz
Gebelik sayisi 50 0.017 0.908
. Sira
N % Arit. Ort. = SS Ort.
Kalitsal Evet 23 46 196.4 + 38.45 24.87 z=-0.282;
hastaligimiz var m1? Hayir 27 54 204.3 +£47.42 26.07 P=0.778
Kronik hastaligimz ~ Evet 9 18 202.2 +£35.20 27.44 z=-0.442;
var mi1? Hay1r 41 82 200.4 £ 45.20 25.07 P =0.659
Gestasyonel Evet 2 4 236.8 + 5.63 42.00 2=-1.634-
hipertansiyon var . vir 48 201.0 = 43.52 2481  P=0.118
mi’ 96
Gestasyonel Evet 6 12 203.5 +46.92 25.33 _ )
diyabetes mellitus 2=-0.061;
o Hayir 44 88 200.3 +43.32 25.52 P =0.976
var mi?
Sigara igme Evet 6 12 180.1 +0.30 32.2 z=-1.194;
Hayir 44 88 203.5+0.16 44.1 P =0.232
Sigara dumanina Evet 26 52 192.8 + 39.40 23.23 z=-1.146;
maruz kalma Hayir 24 48 209.2 + 46.43 27.96 P =0.252
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3. Gebelerin Bulundugu Lokasyon Degiskenleri ile Kandaki Bakir Degerleri ile

Karsilastirilmasi

Maternal kanda bakir diizeyi ve ikamet ettigi yer arasindaki iligski incelendiginde il merkezinde ikamet
eden gebelerin bakir diizeyi 197.7 £+ 48.66 pug/dl ilge merkezinde ikamet edenlerde 199.8 £ 37.12 ug/dl,
kdyde ikamet edenlerde 214.6 + 33.91 pg/dl olarak bulunmustur. Kdyde yasayan gebelerin bakir diizeyi
daha yiiksek bulunmasina ragmen gruplar arasinda anlamli fark tespit edilmemistir (P>0.05) (Tablo 3).
Ikamet ettigi yer Karabiik merkezine uzak olan gebelerin kan bakir diizeyi 199.0 + 32.7 pg/dl, orta
uzaklikta olanlarda 207.7 + 40.0 pg/dl, yakin olanlarda 198.6 + 49.34 ng/dl bulunmasina ragmen,
anlaml bir fark saptanmamistir (P>0.05) (Tablo 3). ikamet ettigi yer fabrika bdlgesine yakin olan
gebelerin bakir diizeyi 200.0 £ 49.39 pg/dl, uzak olanlarda 201.6 + 34.24 pg/dl tespit edilmis, fakat bu
fark istatistiksel olarak anlamli bulunmamistir (P>0.05) (Tablo 3).

Tablo 3. Gebelerin bulundugu lokasyon degiskenleri ile bakir degerleri ile karsilagtiriimast

Bakar Diizeyi
Istatistiksel
o .
N Yo Arit. Ort. =SS Sira Ort. Analiz

il 28 56 197.7 + 48.66 22.93
‘ 5 Ilge 15 30 199.8 + 37.12 26.67 H=2.964:
Ikamet ettigi yer  Kasaba P =0 297

Koy 7 14 214.6 +33.91 33.29 e

Hayir 46 92 201.2 +43.51 25.57

Evet 6 12 206.18 £ 39.75 28.83
Son 1 yilda ev z=-0.597;
boyandi m1 Hayir 44 88 196.94 + 44.11 25.05 P=0 550
[kamet ettigi Uzak 12 24 199.0 +32.7 26.83
yerin Karabiik Orta 29.73 H=1.706;
merkeze uwzaklkta 1 22 207.740.0 P =0.426
yakinligi Yakin 27 54 198.6 + 49.34 23.19
[kamet ettigi Evet 29 58 200.0 +49.39 24.24
yerin fabrika Hayir 21 42 201.6 +34.24 27.24 z=-0.033;
bolgesine Hayir 32 64 194.0 + 33.61 24.38 P =0.974
yakinlhig1

Tartisma ve Sonug¢

Gebelik siireci iginde birgok enzimatik aktivitede rol alan ve fetiislin gelisim siirecine katilan bakar,
bir¢cok enzimin olusumu i¢in gerekli olmasinin yaninda, insan viicudu i¢in 6énemli olan esansiyel bir
mikro elementtir. Erken gebelik doneminde artmaya baslayan bakir seviyesi gebelik siliresince devam
etmektedir. Termde bir gebenin bakir seviyesi gebe olmayan bir kadinin yaklasik olarak iki katidir ve
bu deger dogum sonras1 donemde normale donmektedir [25]. Aragtirmamizda maternal kanda bakir
diizeyi ortalama 200.7 + 43.3 pg/dl bulunmustur. Literatiirde arastirmamizi destekleyen sonuglar
mevcuttur. Vukelic ve ark. [5] saglikli gebeler, patolojik gebeler ve olumsuz sonuglar1 bulunan patolojik

gebeler olarak 3 gruba ele almistir. 1. Trimesterde olan saglikli gebelerin kan bakir diizeyi 24-43 umol/l,
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2. Trimesterdeki gebelerin 30-52 umol/l, 3. Trimesterdeki gebelerin 35-60 umol/l olarak bulunmustur.

Patolojik gebeliklerde 1. Trimesterde kan bakir seviyesi 17-25 umol/l, 2. Trimesterde 22-30 umol/l, 3.
Trimesterde 27-35 pumol/l olarak bulunmustur. Olumsuz ¢iktilari olan gebelerin kan bakir seviyesinin
diger gruplara oranla anlaml sekilde diisiik oldugu saptanmistir. Patolojik olmayan 159 gebenin dahil
edildigi bir bagka aragtirmada 15. gebelik haftasindan kii¢iik gebelerin kan bakir diizeyleri 147-53 ng/dl,
15-25 haftalik gebelerin 197.14 ng/dl, 25-35 haftalik gebelerin 195.11 pg/dl, 35 haftaliktan biiyiik
gebelerin 204.22 pg/dl olarak tespit edilmistir [24]. Gestasyonel diyabet (GD) toplumda yaygin goriilen
bir bozukluktur ve olumsuz maternal-fetal ¢iktilari bulunmaktadir. Li ve ark. [25], GD ve bakir
arasindaki iliskiyi aciklayabilmek i¢in 248 vaka, 248 kontrol grubundan olusan gebeleri incelemisler
sonug olarak GD tanisi alan gebelerin kan bakir diizeyi 1960.24 + 391.98 pg/dl ve saglikli gebelerin kan
bakir diizeyi 1842.43 + 387.09 pg/dl olarak tespit edilmis ve bu degerler arasinda istatistiksel olarak
anlamli bir fark bulunmustur. Bir baska arastirmada 15 saglikli ve 15 GD gebe kanlarn
degerlendirildiginde, GD tanili gebelerin bakir diizeyi 2345.8 £ 76.1 pg/dl bulunurken saglikli gebelerin
2156.2 & 72.22 ug/dl olarak tespit edilmistir [26]. Bu arastirma sonuglarinin aksine Genova ve ark. [27],
13 GD tanili ve 26 saglikli gebeyi dahil ettigi arastirmada, GD tanil1 gebelerin kan bakir diizeyi 30.9 +
4.3 mol/L, saglikl1 gebelerin kan bakir diizeyi 31.3 + 4.07 mol/L degerleri ile diger arastirmalara kiyasla
daha yliksek bulunmustur. Arastirmamiza katilan 6 gebede GD mevcuttur. Diyabetli gebelerin plazma
bakir seviyesi 203.5 + 46.92, diyabet olmayan 44 gebenin bakir seviyesi ise 200.3 £+ 43.32 bulunmustur.
Aralarinda anlamli bir iliski olmamasina ragmen diyabet tanisi almis gebelerin bakir degerlerinin daha
yiksek oldugu goézlenmistir. Preeklampsi (PE) kan basincinin 140/90 ve {izeri olmasi, 6dem ve
proteiniiri ile karakterize ilerleyici ve multisistematik bir bozukluk oldugu ablasyo plasenta,
serebrovskiiler ve kardiyak komplikayonlar ve maternal Sliimlere sebep olabilecegi bilinmektedir.
Akhlaghi ve Molkizadeh [28] GDM tanis1 almis PE tanili gebeleri ve PE tanis1 almamais saglikli gebeleri
gruplandirmis ve mikroelement seviyelerini karsilagtirmis; PE tanili gebelerde kan plazma diizeyini
220.59 £ 61.92 ng/dl, saghikh gebelerde ise 192.83 £ 47.46 pg/dl olarak tespit etmislerdir. Lewandowska
ve ark. [29] bakir oranin1 PE’li gebelerde 1595.01 ug/L ve saglikli gebelerde 1693.39 pg/L olarak
bulmus ve bakir diizeyinin anlamli 6l¢iide diisiik oldugunu saptamislardir. Arastirmamiza katilan 2 gebe
PE tanis1 almis olup, PE’li grupta kan bakir oran1 236.8 &+ 5.63 pg/dl, saglikli grupta ise 201.0 & 43.52
pg/dl bulunmustur. Calisma sonuglarimizda PE’li grubun bakir degerleri daha yiiksek olarak bulunsa da
istatistiksel olarak anlamli bir iligki tespit edilmemistir. Aragtirmamizda yer alan gebelerin altis1 sigara
igtiklerini belirtmislerdir. Sigara igen gebelerin kan bakir diizeyi 180.1 £ 0.30 pg/dl iken, sigara igmeyen
gebelerin 203.5 + 0.16 pg/dl olarak saptanmistir. Ayrica sigara dumanina maruz kalan gebelerin kan
bakir seviyeleri 192.8 + 39.40 pg/dl iken, sigara dumanina maruz kalmayan gebelerin 209.2 + 46.43
pg/dl olarak bulunmustur. Biitiin gruplar arasinda en yiiksek bakir seviyesi sigara igmeyen ve sigara
dumania maruz kalmayan gebelerde saptanmis fakat istatistiksel olarak anlamli bir sonug teskil

etmemistir (P>0.001). Sonug olarak maternal kanda bakir diizeyi birgok faktor ile iliskilidir. Saglikli

138



Altuner ve Emiil Sinop Uni J Nat Sci 7(2): 132-141 (2022)
ISSN: 2536-4383

gebelik ve saglikli nesiller i¢in bakir diizeyinin uzun dénem etkilerinin hem kan hem de doku ve

organlarda gelistirilen teknik ve yontemlerle arastirilmasi ile olast sonuglarin belirlenmesinde katki

yapacagina inanmaktay1z.
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Abstract

Frame vectors in the tensor product of Hilbert spaces that accomplish
phase retrieval can be characterized. In this article, we determine the
conditions under which the tensor product of vectors may do phase
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Oz

Hilbert uzaylarinin tensor carpimindaki faz geri doniisiini
gerceklestiren frame vektorleri karakterize edilmektedir.  Bu
makalede, vektorlerin tensor carpiminin hangi kosullar altinda faz
geri getirme yapabilecegi belirlenmektedir. Iki frame setinin tensor
carpiminin her zaman Hilbert uzaylarinin tensor carpiminda bir
frame ima ettigi goz Oniine alindiginda, bu calismada ozellikle
Hilbert uzaylarinin tensor ¢arpiminda frame vektorlerinin faz geri
doniisii icin gerekli kosullar belirlenmistir.

Anahtar Kelimeler: Frame vektorleri, Tensor carpimi, Faz geri
alma

Introduction

Given a signal  and an orthonormal basis {u; };cs in a Hilbert space H, we know that the sequence of

measurements { (z, u;) };cr allows us to reconstruct the signal x by using the orthonormal basis {u; }ic;.

The reconstruction of the signal x is not possible if we lose some of these measurements. Because of the

redundancy, frame vectors can be possible used as a solution to the reconstruction of a signal if some of

the coefficients are lost or cannot be measured. Frame vectors can be thought of as a generalization of

orthonormal vectors with many other advantages. Duffin and Schaeffer [1] introduced frame theory for
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separable Hilbert spaces in the context of nonharmonic Fourier series in 1952. Duffin and Schaeffer’s

definition was an abstraction of Gabor’s concept for signal processing in [2].

Signal reconstruction is very important notion in engineering but it is a significant challenge if there is a
partial loss of information. Given a signal = and a frame {x;};c; in a Hilbert space H, we are not able
to construct the exact signal z if we only have the phaseless measurements {|(x, z;)|}icr-

Casazza, Balan and Edidin [3] introduced the concept of phase retrieval for Hilbert spaces in 2006. Phase
retrieval is the idea of reconstruction of a signal without using phase.

They showed that given the intensity measurements {|(z, x;)| }ics from a redundant linear system, = and
ax with |a| = 1 cannot be distinguish from phaseless measurements. Phase retrieval has applications in
areas such that X-ray crystallography [4,5], speech recognition [6], electron microscopy [7,8] and many
of other areas. Tensor product is so often used in approximation theory. Folland in [9], Kadison and
Ringrose in [10] gave the representation of the tensor product H; ® H> of Hilbert spaces H; and Hs
as the space of bounded antilinear maps from Hs into H;. G. Upender Reddy, N. Gopal Reddy and B.
Krishna Reddy in [11], Amir Khosravi and M.S. Asgari in [12] introduced the definition of the frames
vectors in the tensor products of Hilbert spaces. Both of the papers showed that given the two sequences
{x;}ier in Hy and {y;};cs in Ha, the tensor product {z; ® y; }ier, jes is a frame for the tensor product
of Hilbert spaces H; ® Hy if and only if the set of vectors {; };cr and {y; } jes is a frame in Hy and H>,
respectively. Tensor product of dual frames is studied in [13] by Ya-Hui Wang and Yun-Zhang Li. Later,
Samineh Zakeri and Ahmad Ahmedi in [14] investigated the conditions under which the tensor product
of two frames is a scalable frame. A. Razghandi and R. Raisi Tousi gave an explicit expression to the
reconstruction of a signal from magnitudes of frame coefficients of the tensor product dual frames.

In this paper, we study the property of phase retrievability of frame vectors in tensor product of Hilbert
spaces. We examine the conditions under which a frame is phase retrievable in the tensor product of
Hilbert spaces. The main results of this paper provide that given the two sequences {z; };cs in Hy and
{y;}jes in Hy, the tensor product of {x; ® y; }icr je.s is a phase retrievable frame for the tensor product
of Hilbert spaces H1 @ Hy if and only if the set of vectors {x;}ic; and {y;} ;e is a phase retrievable
frame in H; and Ho, respectively. We also give an explicit expression to show that when a set of vectors
in tensor product of Hilbert spaces does not do phase retrieval in H; ® Hy . The organization of the
paper is as follows. In section 2, we give some basic definitions and information about frame theory,
tensor product of Hilbert spaces and phase retrieval which are necessary to understand context of the
paper. In section 3, we define phase retrieval in tensor product of Hilbert spaces. We give the conditions
under which tensor product of frames vectors does phase retrieval in H; ® Hy. We prove that most of

the results in [12] also holds for the tensor product of phase retrievable frames.

Preliminaries

In this section, we give basic definitions and some important properties of the frame theory, phase
retrievable frames and the tensor product of Hilbert spaces in the literature. We refer the reader [3,
9,10, 15-19] for more details. In the rest of this paper I will denote a separable Hilbert space, I and J

are a countable index set.

Definition 1. [1] A collection of vectors {x;};c; in a Hilbert space H is called a frame if there exists
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two constants 0 < A < B < oo such that

Allz]* <) (@, 2:)]* < Bjz|]* forallz € H.

(2

A and B are called the lower and the upper frame bounds. A frame is called a tight frame if A = B and
a Parseval frame if A = B = 1.

Definition 2. [3] A set of vectors {x;};cs in a Hilbert space H does phase retrieval if for all z,y € H
satisfying |(x, z;)| = |(y, x;)| for all 7, then = = ay for some scalar « with |a| = 1.

There are different ways to define the tensor product of Hilbert spaces, but we will use the following.
Folland in [9], Kadison and Ringrose in [10] defined the tensor product of Hilbert spaces H; and Hs as

a space of all antilinear operators. An operator T : Hy — H is said to be antilinear if
T(azx + By) = aT (x) + BT (y)

forany z,y € Hy and «, 8 € C. The adjoint 7™ of a bounded antilinear map 7" is defined by
(Tz,y) = (Ty, z).

The tensor product H; ® H> of the Hilbert spaces H; and Hs is the set of all antilinear maps 1" : Ho —
Hy such that |[Tv;]|*> < oo for any orthonormal basis {v;} for Hz. By Theorem (7.12) in [9],
H; ® Hj is a Hilbert space with the norm

T2 = 11Tl
j

and the associated inner product

(Th,Tz) = Y (Tvvj, Tavy)

J

where {v; } is any orthonormal basis for Hy and 77, 75 be the antilinear maps from Hy onto H;. For any
x € Hy and y € Ho, the map defined in [9] by

(z@y)(t) = (y,t)x, tE€ H>
belongs to H; ® Hy and

[z @ ylll = [l 1yll;

(x@y,x" Ry") = (z,2*)(y,y*) forallz,z* € Hy,y,y* € Ho.

Tensor product of operators have the following results in [9, Theorem 7.18].
Let H1 and H> be Hilbert spaces. For all C, C e B(H;) and D, D e B(H3), we have

L [[¢@ Dl = [|Cl[|DI|
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2. (C®D)(C ©D)=(CC)® (DD
3. (C®D)*=D*"®C*
4. (C®D)(z®y)=Cx® Dy forall z¢€ Hy,y€ Hs
Now, we want to state the definition of a frame in the tensor product of Hilbert spaces.

Definition 3. [11] Let {x;}icr and {y;}ics be the set of vectors in the Hilbert spaces H; and Hs,
respectively. The tensor product {z; ® y;}icr jes is called a frame for the tensor product of Hilbert
spaces Hy, ® Hj if there exists two constants 0 < A < B < oo such that

Alllz@yllP <Y e ®y,z; 0y < Bllle @yl forallz®y € Hi © Ha.
/Z:7j

A and B are called the lower and the upper frame bounds for {x; ® y; }icr jeJ-

Tensor Product of Phase Retrievable Frames

In this section, we extend the definition of phase retrieval in [3] to the tensor product of Hilbert spaces.
We give the main results of phase retrievable frames in the tensor product of Hilbert spaces and show
that we can carry out the frame vector results in [12] to the phase retrievable frames in the tensor product

of Hilbert spaces.

Definition 4. Let {T;};cs be a collection of operators in H; ® Hs. We say that the collection of {7} };c1
does phase retrieval if for all z; ® y1, T2 ® y2 € Hy ® Hy satisfying

(x1 @ y1,T;)| = [(z2 ® yo, T;)| foralli

then (21 ® y1) = a(xy ® yz) for some scalar a with || = 1.

For any vector z; € Hy and y; € H>, since the map defined in [9] by
(zi ®y;)(t) = (yj, t)xi, t € Ho

belongs to H; ® Hs, we can state the following theorem.

Theorem 1. Tensor product {x; ® y;}y; j) of {=i}icr and {y;}jes is a phase retrievable frame for
H; ® H, if and only if the set of vectors {x;}ic; and {y;},cs does phase retrieval in H; and Hs,
respectively.

Proof. Let us assume that {z; ® yj}{i’ j} does phase retrievable for H; @ Hj. To prove that {z;}ier does
phase retrieval in Hy, for any z1, zo € H; that satisfies |(z1, z;)| = |(22, x;)| for all 4, we want to show
that there exists a scalar « such that z; = azy with |a| = 1.

For each 7 and j, we have

(21 @ yj, v @yj) = (21, 2:)(Y5,¥5) and (22 ® y;, 7 @ y5) = (22, i) (Y, Yy)-
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Since we have |(z1, z;)| = |(22, x;)| for all ¢ by the assumption, this allows us to write

(21 ® Y5, 7 @ y;)| = [{22 ® yj, 7 @ yj)]

for all 7 and j. We assume that {z; ® yj}{@j} does phase retrievable for H; ® Ho. This implies that there

exists a scalar o such that (21 ® y;) = (22 ® y;) with |o| = 1. For y; € H, we have

(21 ®y;)(y5) = alz2 @ y;)(y5) = (5, yj) 21 = (Y, Yj) 22

— 21 = a29.

This says that the set of vectors {x; },c; does phase retrieval in H;. A similar argument works for the set
of vectors {y; } jcs to do phase retrieval in Hs.
To prove other direction, suppose the set of vectors {x; };cr and {y;};cs does phase retrieval in H; and

Ho, respectively. For any z; ® t1, 20 ® to € H; ® Hs that satisfies

(21 @ t1, 2 @ yj)| = (22 ® t2, 7 ® y5)] (1
for all ¢ and j, we can write

(21 @ 1,23 @ ;)| = [(21, i) (t1, ;)| = (=1, @) [ (81, 95)

(22 ® ta, 2 @ y;)| = (22, i) (b2, ys)| = [{22, i) [[{E2, y5)-

By the equality in (1), we have

. M= 1z , (21, o) [{b2, 95)]
(21, i) [(E1, )| = [(22, i) |[(t2, y5) | = ozl [t 2)

for all 7 and j. Assume that Leraal B # 0 for some fixed i. Since the equality in (2) holds for all ¢

[(z2.@i)|

and j, this implies that

el )]
]~ o) 07"

for all ¢ and j. Therefore, we have |(z1,z;)| = B|(22, ;)| for all 7 and |(t2,y;)| = B|(t1,y;)]| for all
j. Since we assume that the set of vectors {x;}ic; and {y;}ics does phase retrieval in H; and Ho,
respectively, we can say that there exists aq, g such that z; = «1822 and t2 = agft; with o] =

|aa| = 1. For any ¢ € Ha, we have

to

(21 ®@11)(t) = (t1,t)21 = <@at>a1522
= Z;g<t2’t>22
a1

= 7(22 X tQ)(t).
Qg

Since there exists a scalar v = L such that (21 ® t1)(t) = a(z2 ® t2)(t) together with |a| = [GL] =
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IZ—;I = 1, this shows that the tensor product {z; ® y; }(; ;3 of {x;}ier and {y;};c 7 is a phase retrievable

frame for H; @ Hos.

Theorem 2. If tensor product {7; ® y;}(; ;1 of {zi}icr and {y;};ecs is a phase retrievable frame for
Hy ® Ha, then span{(x; ® y;)t}y; j; = Hi for every nonzero vector t € Ho.

Proof. We show the proof by contrapositive. Suppose there exists t € Ho such that

span{(z; ® y;)t}gi y # Hi-

This says that there exists a nonzero vector z € H; such that (z, (z; ® y;)t) =0 Vi, j.

(2, (i @ yj)t) = (2, (yj, t)ai) = (z,24) (t, y;) = 0 (€)

For any nonzero scalar ¢ with |c| # 1, let z, = cz.

By the equality in (3),

({zi @ yj,2 @ )] = (i, 2)(y;, 1))
|

= I¢ei, <20) (w5,

1
:ﬁ|<xiazc>|'|<yjat>|
1
— a\(gvi<§9yj,z'c(§©t>| =0.

Thatis |(z;®y;, 2®t)| = |(x;®y;, 2.®t)| forall 7, j. On the other hand, we know that (z.®t) = ¢(2®1)
for nonzero scalar ¢ with |¢| # 1. This implies that (z.®t) # «(z®t) for any a with |a| = 1. Therefore,
tensor product {x; ® y; }; ;3 of {zi}ier and {y;} ;e is not a phase retrievable frame for Hy ® Ho.

Theorem 3. Let {T;};c; be a phase retrievable frame for H; ® Hj. Then for any x € Hj and y € Ho,
the set of vectors {T;y}icr and {7z };c; does phase retrieval for H; and Ho, respectively.

Proof. Suppose that given x1, 22 € Hi, we have |(z1, T;y)| = |(z2, T;y)| for all i. For any orthonormal

basis {us}ser in Ho,

(@1, Toy) = (21, T,0>_ (v, we)ue)) = (w1, > (y,ue)Tyug)  (T; is an antilinear map)

¢ 4
= Z <y,ug><$1,TiUe> = Z<<yvué>$1aTiuﬁ>
¢ 4
= Z((xl ® y)(ue), Tiug)
0
= (1 ®y,T;).

Similarly, we have (2, T;y) = (z2 ® y,T;) for all .
Hence, (1 ® y,T;)| = |(z2 ® y, T;)| for all i and {T;};cs is a phase retrievable frame for H; ® Ho.
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This says that there exists « such that (z; ® y) = a(r2 ® y) with |a| = 1. For the given y € Ha, we can

write

(11 ®y)(y) = a(za @ y)(y) = (¥, y)r1 = a(y, y)z2

—— 1 = Qx9.

This concludes that the set vectors {7;y};c; does phase retrieval for H;. A similar argument works for
{Tz};cr to do phase retrieval in Ho.

Corollary 1. Let T be an operator in H; ® Hj such that range(T') = H; and {Q;};cs be a phase
retrievable frame for Hy ® H;. Then for any x € Hy, the set of vectors {T°Q;(z)}; does phase retrieval
in H 1.

Proof. For any x € H; and any given x1, x2 € H; which satisfies the condition
(1, TQ; ()] = |{w2, TQ;())| for all j, we have

(1, TQ;(@))] = (22, TQ;(@))| = [(T721, Q(2))] = |(T "2, Q;(x))] for all .

Since we assume that {Q;};c is a phase retrievable frame for H, ® H;, by Theorem (3), the set of
vectors {Q;(x)} e is also phase retrievable frame for H;. This says that T7*z; = a7z, for some «

with || = 1. For any y € Hj, we can write

(T*x1,y) = (T z2,y) = (21, Ty) = (aw2, Ty)
= (1 —ax2,Ty) =0
When range(T') = Hy, we can choose the y € Hj such that Ty = x1 — auwe. Hence, (x1 — axo, 21 —

azs) = ||z1 — azs||? = 0 = 21 = axy and this says that the set of vectors {7'Q;(z)}; does phase

retrieval in H.

Corollary 2. If {T;};c; is a phase retrievable frame for H; ® Ho, then for any z € Hy and y € Ho, the
set of tensor products {T;(y ® x)T;} does phase retrieval in H; ® Ho.

Proof. Forany x € Hy and y € Hj, we showed in Theorem (3) that {7}y };c; and {1} x };cr does phase
retrieval for H; and Ho, respectively. By Theorem (1), tensor product of two phase retrievable frames
are also phase retrievable. Hence, {(T;y) ® (T x)} does phase retrieval in H; @ Hy. For any t € Hy,

we have

((Tiy) ® (Ti'2))(t) = (T, ) Tiy

This proves that the set {T;(y ® x)T;} does phase retrieval in H; ® Ho.
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Corollary 3. Let Ty € B(H1),T» € B(H>) be invertible operators. If {x;};c; and {y;},cs are phase

retrievable frames for H; and Ho, respectively, then {7 z; ® Tgyj}i’j does phase retrieval for H; ® Ho.

Proof. Let T1 and T5 be invertible operators on H; and Ho, respectively.
Since we have (T} ® To) ™' =T, ' ® T, ' and

(M) (T @T) " =TT e Ty = Iy, © Iy,

T1 ®T5 is an invertible operator on H; ® Ho. Theorem (4.8) in [15] says that phase retrievable frames are
preserved under invertible operators. By Theorem 1, we show that tensor product of two phase retrievable
frames is also a phase retrievable frame for H; ® Hs. Hence, (T1 ® T5)(z; ® y;j) = {Tiz; ® Thy;}ij
does phase retrieval for H; ® Ho.

Corollary 4. The set of {T; } ;<1 does not do phase retrieval for H; ® Hs if there exists linearly independent

vectors uy, ug € Hy and vy, va € Hy such that (uq, Tva) + (ug, Tjv1) = 0 forall 4 .

Proof. Suppose uy,us € Hy and vi,v9 € Hj be linearly independent vectors such that (uq, T;ve) +

(ug2, Tyv1) = 0. For any scalar o € C with |«| = 1, we can define

Tr1 = U1+ us Y1 = V1 + V2
x Uy — u2 y V1 — V2
2 = 2 =

Ja Ja

This implies that
1Py =ur Pvr+u Dve+ ug B vy + u2  vg

1
552@?/2:a(ul@m—U1@U2—UQ@111+U2€97)2).

By assumption, we have (u1, T;va) + (ug, Tyv1) = 0.

This says that [(z1 & y1,T3)| = |2||(z2 ® y2. T;)| = |(x2 ® y2, T;)| for all i € 1. To show that the set of
{T;}ic1 does not do phase retrievable for H; ® Hs, we need to show that x1 @ y; # axs @ yo. To have
a contradiction, suppose we have x1 © y1 = axa & yo.

For any ¢t € Ha, we have

(x1 B y1 — awe ® yo)(t) = (u1 ® va +uz ®v1)(t) =0.

a+1

(u1 @ vo +uz @ v1)(t) = (va, t)us + (v1,t)ue = 0 and uy,uy € H; are linearly independent vectors,
this says that (ve, t) = (v, t) = 0. Since we have (vy — v1,t) = 0 for any ¢ € Ho, this contradicts with
the assumption that v1, vo € Hs are linearly independent vectors. Hence, we have x1 @ y1 # axs O Yo
and the set of {7} };cr does not do phase retrievable for H; @ H .
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Modiiler Uzaylar Uzerinde P-Istatistiksel .A-Toplam Siireci Aracihgiyla Yaklasim

Oz

Bu calismada, ilk olarak, kuvvet serisi yontemiyle ilgili istatistiksel
relative modiiler ve F-norm yakinsama kavramlarini sunuyoruz.
Daha sonra, o6zel durumlar olarak agirhikli uzaylar, belirli
enterpolasyon uzaylari, Orlicz ve Musielak-Orlicz uzaylan, L,
uzaylar1 ve diger bir cok uzaylar1 iceren modiiler uzaylar iizerinde
kuvvet serisi yOntemiyle istatistiksel relative .A-toplam siireci
araciligryla Korovkin-tipi teoremleri de sunuyoruz. Daha sonra,
Orlicz uzaylarinda Kantorovich tipi operatorlere bazi uygulamalari
goz Oniine aliyoruz.  Dahasi, siireklilik modiilii araciligiyla
yakinsama oranlarinin bazi tahminlerini sunuyoruz. Makaleyi bazi
son sozler vererek bitiriyoruz.

1Sinop University Department of
Mathematics, Sinop, Tiirkiye

This work is licensed under a
Creative Commons Attribution 4.0
International License
Anahtar Kelimeler: Korovkin teoremi, modiiler uzay, istatistiksel

yakinsaklik, matris toplanabilme, kuvvet serisi yontemi

Introduction and Preliminaries Notations

We begin this section with the notions of statistical convergence and the power series statistical convergence
a sequence z :

152



Demirci and Yildiz Sinop Uni J Nat Sci 7(2): 152-172 (2022)
ISSN: 2536-4383
First let N be the set of natural numbers. Next let, E C N, then the natural density of FE, indicated by

the symbol 6(E), is determined by:

tlk<n:keE}
n

O(F) :=lim

whenever the limit exists, where § {.} denotes the cardinality of the set [1].

A sequence z = {z; } of numbers is statistically convergent to  iff, for every e > 0,

<n: — >
hmﬁ{k_n |z — K| > e} _
n n

0

that is, F), (¢) := {k < n : |2z — k| > €} has natural density zero. This is denoted by st — limy, 2z, = K
[2,3]. It is evident from the definition that a convergent sequence (in the usual sense) is statistically
convergent to the same value. For all that a statistically convergent sequence need not be convergent in
light of the above.

Another interesting convergence method is P-statistical convergence, which recently introduced by
Unver and Orhan [4] and is a different type of statistical convergence given via power series methods.
They gave striking examples to demonstrate the incompatibility between statistical convergence and
P-statistical convergence. The Abel and Borel methods are two well-known power series methods that
are more effective than ordinary convergence.

Let {px} be a positive real sequence such that py > 0 and the associated power series

oo
p(t) = ppt*
k=0

has radius of convergence R with 0 < R < oo. A sequence z = {zi} is convergent in the sense of

power series method provided that
o0
limo<s - 5y 2 Pt ze = £ (15,6)).
pt) =

+k
Keep in mind that the method is regular iff  lim PRt _ 0 for every k (see, e.g. [7]).
0<t—R~- D (t)

Remark 1. We should note the special cases of power series methods. In case of R = 1, if p, = 1 and
Dr = ﬁ, the power series methods give us Abel method and logarithmic method, respectively. Also, if

R = oo and p; = %, then the power series method gives us Borel method.

The rest of the paper, we assume that the method of power series is regular.

Now, we recall the next definitions:

Definition 1. [4] Let £ C Nj. If the limit

1
op(E):= lim —— t*
P (E) 0<tli>n7zp(t)]§pk

exists, then dp (F) is called the P-density of E.

It is evident from the definition of a power series method and P-density that 0 < ¢p (E) < 1 whenever

it exists.
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In a manner similar to the natural density, we can give the following properties for the P-density:

i) 0p(No) =1,

i1) if E C F then 6p(F) < dp(F),

i11) if E has P-density then dp(No\E) = 1 — dp(E).

Definition 2. [4] Let z = {2} be a sequence. Then z is said to be P-statistically convergent, i.e.,

statistically convergent with respect to power series method to « provided that for any € > 0

thk =0
0<t—>R p keE

that is 0p (F.) = 0 for any ¢ > 0 where E. = {k € Ny : |z — k| > ¢} . This is denoted by stp —

lim 2z, = k.

Definition 3. A sequence of real numbers z = {z} is said to be P-statistically bounded if for some
H > 0 such that dp ({k : |zx| > H}) = 0.

The terms statistical limit superior and statistical limit inferior have been given by Fridy and Orhan
[8]. Then, Demirci [9] has generalized these ideas to ideal limit superior and limit inferior. We can
now introduce the ideas of P-statistical limit superior and P-statistical limit inferior in light of these
investigations. The P-statistical limit superior of a number sequence z = {z}, we write stp —

lim sup 2z, is defined by

sup B, if B, # ¢,

stp — limsup z, =
g {—oo, if B. =0,

where B, := {b& R:0p ({k: 2, > b}) > 0ordoes not existin R} and the symbol ¢ represents the
empty set. Similarly, the P-statistical limit inferior of {zy}, we write stp — lim inf 2y, is defined by

inf C,, if C, # ¢,

stp — liminf z, =
} ' {+oo, if C. =9,

where C, = {c € R:ép ({k: zr <c})> 0ordoes not exist in R} . It is discovered that, similar to
the statistical superior or inferior limit stp — liminf z; < stp — limsup z; and notice that, for any
sequence z = {zi} satisfying op ({k : |zx| > H}) = O for some H > 0, stp — limz, = x iff
stp — liminf z, = stp — limsup z = K.

Let us briefly recall some simple, basic facts about modular spaces which will be used in our main
section.

Let I = [c, d] be the Lebesgue-measured bounded interval of the real line R. The space of all real-valued
measurable functions on [ that are guaranteed to have equality a.e. will then be denoted by the symbol
X (I). A functional p : X (I) — [0,400] is said to be a modular on X (I) if p(f) = 0 if and only
it f =0 ae inl, p(—f) = p(f) forevery f € X (I), p(af +Bg) < p(f) + plg) for every
frge X(I),a, >0, a0+ p=1.

If there is a constant A" > 1 such that p(af) < Nap(N f) holds for any f € X (I) and a € (0, 1], then
a modular p is said to be NV-quasi semiconvex. A modular p is N'-quasi convex if there exists a constant
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N > 1suchthat p (af + B9) < Nap(Nf) +NBp(Ng) holds forevery f,g € X (I), o, B > 0 with

a+ 3 =1.1f N =1, then pis called convex.

An N-quasi convex modular is obviously an A/-quasi semiconvex modular. It is worth noting that

Bardaro et. al. [10] introduced and detailed the above two ideas.
By means of a modular p, we recall the vector subspace of X (1), denoted by L” (I) and it is called the
modular space:

LP(I):= {f eX(): )\li)rgl+p(/\f) = 0}
and the subspace of L” (I) defined by
EP(I):={feL’(I):p(\f) < +oo forall A > 0}.

It is easy to verify that if p is A/-quasi semiconvex, then we have the following characterization of the

modular space L? (I) :
LP(I)={feX(I):p(Af) < +oo forsome A > 0}.

For the notions about modulars, we refer the readers to [10, 11] (Also, see [12,13]).

Now we deal with the convergence notions in modular spaces.

Let a function sequence { fx} be in L (I). Then, { f;} is said to be modularly convergent to a function
feLr(I)iff

li}gnp (Ao (fx — f)) =0, forsome A\g > 0. (1)
Also, if (1) is provided for all A > 0, then it is called F'-norm convergent (or, strongly convergent), i.e.,
lilgnp (A(fx — f)) =0, forevery A > 0. (2)

It is well known from Musielak [13] that (1) and (2) are equivalent if and only if the modular p satisfies
the Ay-condition, that is to say, 3H > 0 such that p (2f) < Hp (f) forevery f € X (I).

We also recall the definitions of relative modular and strong convergence given by Yilmaz et al. [14]:
Let a function sequence { f.} be in L” (I). Then, { fx} is said to be relatively modularly convergent to a
function f € LP (I) if there exists a function o(z), called a scale function 0 € X (I), |o(2)| # 0 such
that

lilinp ()\0 <fk — f>> =0, for some A\g > 0.
o

Also, { fx} is F-norm convergent (or, strongly convergent) to f iff

lilgnp()\ <f’“ _f>> =0, forevery A > 0.
g

Notice that modular convergence is a particular case of relative modular convergence where the scale
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function is a constant that is not zero.

The majority of classical operators have a tendency to approximate the function’s value, although at
discontinuous points they typically converge to the average of the function’s left and right limits. As
previously mentioned, the fundamental tools for resolving the lack of convergence are the matrix
summability methods or, more generally, A-summation methods.

Let A := {A(j)} = {(aﬁf,i)} be a sequence of infinite non-negative real matrices. For a sequence

of real numbers, z = {z;}, the double sequence Az := {(Az)fl 'n,j € N} defined by (Az)! :=

oo .
> aifk) 2y, is referred to as the A-transform of z whenever the series converges for all n and j. A sequence
k=1

z is said to be A-summable to & if
m .
liqgnZafflz 2 =K
k=1

uniformly in j [15,16]. If AU) = B for some matrix B then, we get the ordinary matrix summability.
Orhan and Demirci [17] presented A-summation process and then Kolay et al. [18] presented relative
A-summation process on a modular space as follows:

First let p be a monotone and finite modular on X (7). Then, assume that D is a set satisfying C>° (I) C
D C LP(I). Nextlet T := {7} be a sequence of positive linear operators from D into X (), more
precisely there holds, for all n, j € N, f € D the series

AL () =Y a9 T f 3)
k=1

is absolutely convergent almost everywhere with respect to Lebesgue measure.
A sequence T := {T}} of positive linear operators of D into X (I) constitutes a relative .A-summation
process on D if {7} f} is relatively .A-summable to f (with respect to modular p) for every f € D, i.e.,

AT -
limp [/\ <nj(f)f)] = 0, uniformly in j. ()]
n g

Note that the scale function in an A-summation process is a non-zero constant, making it a special case
of a relative .A-summation process [18].

Statistical type convergences in the sense of the power series method in modular spaces are now introduced:

Definition 4. Let { f;} be a function sequence whose terms belong to L” (I). Then, { fx} is said to be
P-statistically relatively modularly convergent to a function f € LP (I) iff there exists a scale function
o€ X (I),|o(z)| # 0 such that

stp—limp<)\0 (fk;f>> =0, for some Ay > 0. %)

In addition, if (5) is provided for all A > 0, then it is called P-statistical relative F'-norm convergence
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(or, P-statistical relative strong convergence), i.e.,

stp —lim p <>\ <fk_f>> =0, forevery A > 0. (6)
o

It can be immediately seen that (5) and (6) are equivalent if and only if the modular p satisfies the
Ay-condition. Indeed, P-statistical relative strong convergence of the sequence { fx} to f is equivalent
to the condition stp — lim p (QN)\ (ﬂva—*f» =0, forall N = 1,2,... and some A > 0. Let {fx} be
P-statistically relatively modularly convergent to f, hence, there exists a A > 0 such that

stp —limp ()\ (fkg—*f» = 0. Also, As-condition implies by induction that
Ny (=t N Je,=f
p (2 A ("T» < H%p ()\ (’“T» . Then, we get

stp —limp <2N)\ <fk0_f>> = 0.

It is also important to keep in mind that P-statistical relative modular convergence is a special case of
P-statistical modular convergence where the scale function is a non-zero constant.

Here, we provide a striking example of how our new definitions are more precise.

Example 1. Take / = [0,1] and with the following requirements, let ¢ : [0,00) — [0,00) be a
continuous function:

® (p is convex,

e p(0)=0,p(u)>0foru>0and lim, , ¢ (u) = oo.

Therefore, take into consideration the functional p¥ on X (I) defined by

1
F(f) = / o (1 (2))d= for f € X(1).
0

In this case, all of the assumptions listed in this section are satisfied since p¥ is a convex modular on

X (I).Take into account the Orlicz space generated by ¢ by the following:
LE(I) == {f € X(I) : p* (A\f) < +oo forsome A > 0}.

For each k € N (k > 2), define hy, : I — R by

k, k = 2n,
k2 0<z<i k=2n+1,
hi (2) = - 1 S k27 " n=12.. (7
Qk—k227 E<ZSE,k—2n+1,
0, 2<z2<1, k=2n+1,

If o(z) = 2P for1 < p < o0, z > 0, then L, (I) = L, (I). Moreover, we have for any function

f e Lf(I)that p?(f) = || f ||ip . Additionally, let’s say that the power series method is provided with

0, k=2n, 19
= n=1,4....
Pr 1, otherwise,
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It is evident that {h;} does not converge either statistically modularly or modularly. Additionally,{/y }

converges P-statistically modularly relative to a scale function ¢ rather than P -statistically modularly
to h = 0 where

(2) 1, z=0
gl\Z2) =
%, 2€(0,1]

on Ly (I) . Indeed, for some Ao > 0, with the choice of p = 1 we have p*(.) = ||.||1, s
k k=2n
Mo (hi — 1)) = Do (e — B) ||, = Ao d " =12, 8
p (Ao (h — R)) = [[Xo (hi. — )|, 0{17 k=on i1, (3

As a result, it is simple to prove that {hj} does not converge statistically or P-statistically. Using the

scale function o, let’s now

hy — h hy — h 3 k=2
p<)\0< k )): /\0< b ) =\ n=1,2,..
g o2 Ll 7
W, k_2n+17

then, we get

stp—limp</\o(hka—h>> =0. 9)

On the other hand, referring to (8), we see that the sequence {hy } neither converges to h = 0 statistically

modularly nor P-statistically modularly on L; ().

We conclude this section with the following assumptions:

¢ A modular p is said to be finite if x4 € L” (I) when A is measurable subset of I such that p (4) <

o0,

¢ If a modular p is finite and, for every ¢ > 0, A > 0, there exists a § > 0 such that p (Axp) < ¢ for
any measurable subset B C I with i (B) < 6, then p is absolutely finite and if x; € EP (I), then
p 1s strongly finite,

¢ A modular p is monotone if p(f) < p(g) for | f| < |g]|,

¢ A modular p is absolutely continuous provided that there exists an o > 0 such that, for every
fe X (I)with p(f) < 400, the following condition holds: for every € > 0 there is § > 0 such
that p (af xp) < € whenever B is any measurable subset of I with p (B) < 4.

Let C (I) stands for the space of all continuous real-valued functions, as usual. We have C(I) C
L* (I) if a modular p is monotone and finite (see [21]). Also, if p is monotone and strongly finite,
then C(I) C EP (I).Let C* (I) denote the space of all infinitely differentiable functions on I. If p is
monotone, absolutely finite and absolutely continuous, then C> (1) = L (I) with respect to the modular

convergence in the ordinary sense (see [10, 11,22,23]).
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In this study, we analyze the statistical relative .A-summation process’s approximation of the Korovkin-type

with respect to the power series method on modular spaces. Then, in Orlicz spaces, we apply some
Kantorovich-type operators. We also provide some estimates of convergence rates obtained from moduli

of continuity. We provide some final remarks at the end of the study.

P-Statistical Korovkin Theorems in Modular Spaces

The Korovkin-type approximation [24,25], which is undoubtably one of the most elegant and fascinating
result, has emerged as a wide field of study in recent years. There is a wide variety of Korovkin type
results in the approximation (see e.g. [26—41]). Korovkin-type approximation first obtained by Bardaro
and Mantellini [21] in the abstract setting of the modular spaces, a class of function spaces which includes
weighted spaces, certain interpolation spaces, Orlicz and Musielak—Orlicz spaces, L,, spaces. Especially,
using the concept of statistical convergence, Karakus, Demirci and Duman [42] have introduced the
Korovkin theorems on modular space and also, using matrix summability methods Karakus and Demirci
proved Korovkin theorems in [43]. In the absence of convergence, it is also become a powerfull tool
to use the matrix summability methods or more generally, summation methods. It is the reason why
Nishishiraho introduced and studied the notion of .A-summation process on a compact Hausdorff space
[44,45]. Recently, Kolay et al. have studied an approximation theorem of statistical type via relative
A-summation process in modular function space in [18].

The key findings of a P-statistical relative .A-summation process on a modular space are presented in
this part in order to provide the Korovkin type approximation theorem for a sequence of positive linear
operators. The major difference from the classical line is that convergence method which is used.

Let p be a monotone and finite modular on X (7). Assume that D is a set satisfying C* (I) C D C
LP (I). Assume further that T := {T}} is a sequence of positive linear operators from D into X (I)
for which there exists a subset Xt C D with C*° (/) C Xt and an unbounded function o € X (I)
satisfying o(z) # 0 such that

. AL (h) . .
stp — limsupp [ A | —L—~ < Rp(Ah), uniformly in j, (10)
o

o0 .
holds for every h € X1, A > 0 and with a constant R > 0 where Ag j (h) = > aifk) T.h as in (3).
k=1

The test functions e; are used throughout the entire paper defined by e;(z) = 2* (i = 0,1, 2).

Theorem 1. Let A = {A(j)} be a sequence of infinite non-negative real matrices and let p be an
absolutely continuous, monotone, N -quasi semiconvex and strongly finite modular on X (7). Let T :=
{T}} be a sequence of positive linear operators from D into X (I) satisfying (10) holds for each f €
D. Moreover, suppose that o; is an unbounded function satisfying |o; (z)| > b; > 0 (i =0,1,2).
Suppose that

AT (e)) —ei
stp —limp ()\ (ny(z)z)> =0, uniformly in 7, an

0

for every A > 0 and ¢ = 0,1,2. Now let f be any function belonging to L” (I) such that f — g € X
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for every g € C*° (1) . Then we get

AT —
stp —limp ()\0 <n](f)f>> =0, uniformly in j, (12)

o

for some \g > 0 where o (2) = max{|o; (2)|;i=0,1,2}.

Proof. As an auxiliary result, we first prove that
AT -
stp —limp (n ("’J(g)g» =0, uniformly in j, (13)
o

for every g € C(I) N D and n > 0. Assume that g is a member of C (I) N D and 7 is any positive

number. Thanks to continuity of g on I and from the linearity and positivity of the operators T, it is

readily seen that (see, for instance [26,46]), for a given € > 0, there exists a number 6 > 0 such that

lg(u) —g(2)] <e+ 25—? (u— z)? where H = SIGHI) |f (2)|. Assume that 0 < € < 1. As in the proof of
z

Theorem 1 in [18], because of p is A/-quasi semiconvex and strongly finite, we can see that

T — T (eg) —e
, (n <An,j (5) g)) < Nep (4770/\/'> ) <4nK (Aw (U(;) 0))
o o (Bt0=0))
ETE)
02

2Hs?> 4Hs 2H
WhereK:: maX{€+H+52(S,(52(S,(52

such that Nep (477N ) < r. Now we define the following sets:

g

()

AT (o) —er\) _ 7 Nep (1)
Gpi=qn:p|dK | ————— > ,0=0,1,2.

o; 3

} , $ := max |z| . Foragivenr > 0, choose an ¢ € (0, 1]

2
Then, notice that G;, C U G',i- Hence, this allowed us to write
i=0
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which gives our claim (13). Observe that (13) also holds for every g € C°°(I) since C*°(I) C C(I)ND

Now let f € L (I) satisfying f—g € X forevery g € C* (I). Since p (I) < oo and p is strongly finite

and absolutely continuous, it is a simple matter to see that p is also absolutely finite on X (I) (see [22]).
Using these properties of the modular p, it is known from [10, 23] that the space C*°(I) is modularly
dense in L” (I), i.e., there exists a sequence {g,,} C C° (1) such that lim,, p (3\§ (gn, — f)) = 0 for
some A} > 0. This means that, for every € > 0, there is a positive number ng = ng(e) so that

p 3y (gn — f)) < e forevery n > ny. (14)

However, utilizing a well-known process and the positivity and linearity of the operators T}, we may

write that,
¥ Za Tu(f;2) — (=) <N S0 — guos 2)
k=1
+ >\8 Zafngk(Qno; Z) - gno(z) + )‘8 |gn0(z) - f(Z)’ ’
k=1

holds for every z € I and j € N. Now, by multiplying both sides of the above inequality byﬁ, using

the modular p, and moreover considering the monotonicity of p, we get

p (A(’; <AEJ (Uf )~ f)) <p (3)\(’; (Ag,j (fa— gno)>>
AT j \no/) = Ino ng —
p<3>\6< W(ga) : >)+p<3)\3 (g 00 f))

Hence observing that o] > b > 0 (b = max {b; : ¢ = 0,1, 2}) and taking into consideration that p is

monotone, we can write that

T . T _
AT i \Uno) = Yno 5
p(i%( nj (ga) J )) +p<‘°@0 (gno—f)). (15)

Then, in view of (14) and (15), we have

p<A8<AE,j<£>—f)) §€+p<3Aa (Az,j<fa—gno>>>+p<3A3<A£,j<g?>—gm>>‘ (16)

Consequently, assuming that the P-statistical limit superior on both sides of the (16) and noting that
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Gne € C*°(I) and f — gp, € X1, we obtained from (10) that
AT () —
stp — limsup p (AS <W>> <e+ Rp (3A(f — gno))

o
AT (g00) = gn
+StP—limsupp<3)\8< n,J(g o) 9())).
o

Referring to (14) in above inequality, we find that

T —
stp — limsup p ()\S <Anj(f)f>> <e(R+1)

g
AT‘ ek — Yn
+stp—limsupp<3)\8< ng (9n0) — 9 “)). (17)
g

A’ﬂ‘ ] n —Yn, . . .
Thanks to (13), since stp — lim p (3)\(’; (’lj(gg)go>> = 0, uniformly in j, we get

[

o

AT (gns) —
stp — limsup p (3)\3 ( nj (9n0) = gno )) = 0, uniformly in j. (18)

When (17) and (18) are combined, we see that
AT —
stp — limsup p ()\S <n](f)f>> <e(R+1).
o

AT (f)—
From arbitrariety of € > 0, we find st p—lim sup p ()\3 <’”(Uf)f> > = O uniformly in j. Furthermore,

[

AT (f) —
stp — lim p ()\(’5 (W)) = 0, uniformly in j,

AT (f)—
since p ()\(’3 <”J(f)f>) is non-negative for all n,j € N, we can easily show that

o

this completes the proof.

Remark 2. We can establish an identical result using a similar method in the space Ca, (R) of all

continuous real-valued functions on R of period 2.

The following conclusion can be derived from Theorem 1 in a direct manner if the modular p satisfies

the Ay-condition.

Theorem 2. Let A = {A(j )} be a sequence of infinite non-negative real matrices and T := {T}}, p
and o be the same as in Theorem 1. If p satisfies the As-condition, then the following statements are

equivalent:

T

(a) stp —limp <)\ (W>> =0 uniformly in 7, forevery A > Oandi =0, 1,2,

i
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T (f)—
(b) stp—limp <)\ (W)) = 0 uniformly in j, for every A > 0 provided that f is any function

belonging to L”(I) such that f — g € X forevery g € C* (I).

The condition (10) reduces to the following if the identity matrix is used in place of the matrices AU

and the scale function is assumed to be a non-zero constant
stp — limsup p (A (Txh)) < Rp (\h) (19)
for every h € X1, A > 0 and for an absolute positive constant R. In this case, we obtain the next results

from our main theorems, Theorem 1 and Theorem 2.

Corollary 1. Let p be an absolutely continuous, monotone, N -quasi semiconvex and strongly finite
modular on X (I). Let T := {T}} be a sequence of positive linear operators satisfying (19) from D
into X (I). If {Te;} is P-statistically strongly convergent to e; for each ¢ = 0, 1,2, then {7} f} is
P-statistically modularly convergent to f provided that f is any function belonging to L” (I) such that
f—g¢€ Xyforevery g e C* (I).

Corollary 2. T := {T}} and p be the same as in Corollary 1. The following statements are equivalent if
p satisfies the As-condition:

(a) {Tke;} is P-statistically strongly convergent to ¢; for each i = 0, 1, 2,
(b) {Tyf} is P-statistically strongly convergent to f provided that f is any function belonging to

LP(I) suchthat f — g € Xp forevery g € C* (I).

An Application

The example in this section demonstrates how our approximation of Korovkin-type results in modular

spaces are more powerful than those previously examined.

Example 2. Take / = [0, 1] and let ¢ : [0, 00) — [0, 00) be a continuous function such that ¢ is a convex

function and ¢ (0) = 0, ¢ (u) > 0 for w > 0 and lim ¢ (u) = co. Hence, consider the functional p¥
U—00

on X (I) defined by

1
(f) = / o(f (D)) dz for feX(I). (20)
0

In this case p? is a convex modular on X (7). Consider the Orlicz space created by ¢ as follows:
LE(I) :={f € X(I):p? (\f) < +oco forsome A > 0}.

Then take into account the following classic Bernstein-Kantorovich operator U := {Uj} on the space
LY (I) (see [21]) which is defined by:

N (n+1)/(k+1)
k n k—n
Us(f; 2) ::Z<n>z (1—2)"""(k+1) / f(u)du forz € I.
n=0 n/(k+1)
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Keep in mind that the operators Uy, map the Orlicz space Lf, (I) into itself. Moreover, the property (19)

is satisfied with the choice of Xy := L(I). Then, it can be easily seen that, for any function f € L, (I)

such that f — g € Xy forevery g € C* (I), {Uxf} is modularly convergent to f. Due to the regularity
of the method, {Uy f} is P-statistically modularly convergent to f.

If ¢ (2) = 27 for 1 < p < 00, z > 0, then LE(I) = Ly (I) . Moreover we have p?(.) = |.||7 . Also
assume that A := {A(j )} = {(affk))} is a sequence of infinite matrices defined by ag) = n%rl, for

j<k<n+j(=12..),and agfg = 0 otherwise. It is well-known that, A-summability reduces
to almost convergence ( [20]). Then, using the operators Uy, we define the sequence of positive linear
operators V := {Vj} on L ([0, 1]) as follows:

Vi(f;2) = (14 i (2)) Ug (f; 2) for f € Li(I), z€0,1]and k € N, @2n
where {hy} is the same as in (7) and we choose 0; (z) = 0 (z) (i = 0,1,2),

1 z2=0 . .
where 0 (z) = N " For positive constant C, taking into account that
22 0<z S 1.

Uk (NI, < C NIz, ([19]), we can easily see that

. Ay (f) . o
stp—limsup |[A="-"2| < R[Af|,, , uniformly in j, (22)
g

Ly

[o¢] .
where AX, ; (H=> ag,z Vi.f as in (3). We now claim that
k=1

\4
An,j (61) — €5

(o3

stp — lim ||\ = 0, uniformly in j, ¢ = 0,1, 2, (23)

Ly

where 0; (z) = o (z) for i = 0, 1, 2. Observe that Uy, (ep; 2) = eg (2), Ui (e152) = and
2

kz 1
R T 2T

Uk (e2;2) = k(k_lif + (kaf)g + 3(k41r1)2' So, we can see,

Jjtn 1

AY (en) — e — Jj+n
)\M — )\k_J < 1 Z )\%
o . o n—l—lkij o L
L —

Ly

It is well known that if a sequence is convergent, its arithmetic mean will also converge to the same value.

Thus, by virtue of P-statistical convergence and thanks to (9) it is clear that

. k _
stp — lim Sl;pn n 12 )\; =0, (24)
k=j Ly
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and we get

)\AELIJ(EO) — €0
g

stp — lim =0, uniformly in j,

Ly

which guarantees that (23) holds true for ¢ = 0. Also, we can easily get that

A i (e1) — el

\A
o ‘n+1
Ly k=j 1
. 1
1k
— 1 \23| d
S\nri1dr+i /{ 2| dz
= 0
. 1 .
1 Jtn 1 1 J+n hk
A2 dz +2—— A—
+ n—i—lZQ(k—i—l) /‘ 2de+ n+1Z r
k=j 0 k=j Ly

Jjtn Jjtn
Referring to stp — lim <sup <n+1 Sk yt 1)) =0, stp —lim (supn+1 Z 5 k+1)> = 0 and from
j j

k=j
(24) we have,

>:0
Ly

AV
which gives stp —lim H)\nﬂ(?)l

AX,] (61) — €1

()

stp — lim (sup A

J

= 0, uniformly in j. So (23) holds true for ¢ = 1. Finally, since

L
)\W _ gnil(whk)%(e?)_e
Ly k=j .
j+n n 1
= ni1§:]z;$_1)l /|AZ4\d2+ n}rlji(kiklf O/\A,z?’}dz
* n_lujib S 1° /!AZQ\dHBl]é A% .

Jjtn
Thanks to stp — lim (supn}rl > ](C]iil)lz)) 0, stp — lim <supn+1 > (k+1 > =0and
J k=j

stp — lim (sup T Z Tl) = 0 and also from (24) we have,
J

A i (e2) — ey

g

stp — limsup |\ =0

J

Ly
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AYL y (e2)—e2

g

which gives stp — lim H)\

= 0, uniformly in j. So, our claim (23) holds true for each
Ly
i =0,1,2 and for any A > 0. Now, from (22) and (23), we can say that our sequence V := {V},} defined

by (21) satisfy all assumptions of Theorem 1 and we conclude that

Ao

stp — lim

AV ()= f
o2

= 0, uniformly in j, for some A\g > 0,
Ly

holds for any f € L; (I) such that f — g € Xv forevery g € C* ().

However, it can be easily seen that {Vj f} is not P-statistically modularly convergent to f. Hence,
Corollary 1 does not work for the sequence {V} f} . In addition, in the view of (8), it can be shown
that {Vj f} is not statistically modularly convergent to f and we can say that the statistical Korovkin

type theorem in [42] does not work for the sequence {V} f} .

P-Statistical Convergence Rates

We present some estimates of P-statistical convergence rates for theorems of the Korovkin type in the

case of modular convergence. We’ll start with the definitions listed below:

Definition 5. Let {ay} be a nonincreasing sequence of positive real numbers. A sequence z = {zj} is

P-statistically convergent to a number « with the rate of o () if, for every € > 0,

lim th =0
0<t—R~ p ké P

where E. = {k € Ng : |z — k| > €y} . In this case, we write
2z — Kk = stp —o(ayg).

Definition 6. Let {a;} be a nonincreasing sequence of positive real numbers. A sequence z = {zx} is
P-statistically bounded with the rate of O («y) if there is an B > 0 with

St =0
0<t—>R p keF

where F. = {k € Ny : |z;x| > Bay} . In this case, we write
zp — Kk =stp — O (ag) .

Using these definitions, let us give the following lemma:

Lemma 1. Let {z;} and {y;} be sequences. Assume that {ay} and {3} be positive non-increasing

sequences. If z;, — k1 = stp — o(ay) and yx — ko = stp — o( Bk ), then we have

(1) (zx — K1) F (yr — K2) = stp — o(k), where ~y := max {ay, i} for each k € Ny,

(13) A(zp — k1) = stp — o(«ay) for any real number A.
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Proof. (i) Assume that z;, — k1 = stp — o(ay) and y,, — ke = stp — o(Bk). Also, for £ > 0, define

K. ={keNo: |(zr — K1) F (yx — K2)| > e},
Kal = {]{EN(): ]zk—m\ > %ak},

€
KEQ = {]C € Np: ]yk —Hg‘ > 5/8’6}
Since v = max {ax, Sx } , then observe that
K.Cc K! UKZ,

which gives,

2
op(Ko) < op (K7
=1

Under the hypothesis, we conclude that

this conclusively demonstrates (). We omit the proof of (i7) because it is similar.

Additionally, the same results apply when the symbol “0” is changed with “O”.

We utilize the ordinary modulus of continuity, denoted by w( f; ) defined as follows:
w(f;0):=sup{|f(u)— f(2)|:u,z€l,|u—2z <d}.

where f € Cy (I) and § > 0. Observe that w (f;0) is an increasing function of §,

|f (u) — f(2)] <w (f;|u—z|)foreachu,z € I andw (f;d) < 2H forevery 6, where H = sup |f (u)|
uel
andw (f;79) < (1 4+ v)w(f;6) forevery v, > 0 (see also [47]).

The following theorem gives appropriate and very simple sufficient conditions for the rate of P-statistical

A-summation process.

Theorem 3. Let A = {A(j)} , T ={T}\} and e be as above, let p be a monotone and strongly finite
modular. Let {a} and {S;} be two nonincreasing sequences of strictly positive real numbers, and
put 7 := max{ag, S} for each k € Ny. Let §; := HAEJ (cp)H with p(u) = |u—z| (u,z € I)
where the symbol ||.|| denotes the sup-norm, the supremum is taken with respect to the support of f and

o0 .
Ag (o) = /;agk) Ty as in (3). Furthermore, let there exists v > 0 with

(i) p (v (225270 ) ) = st = o)

S ) = stp — o(B). Then, for every f € C. (I) we get

T _
p (’y (W)) = stp — o( k)
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where ¢ (z) = max {|og (2)], |01 (2)|}, |oi (2)| > 0 and o5 (2) is unbounded, i = 0, 1.

Proof. Let f € C.(I) and H = sup | f (u)| . Using the properties of the modulus of continuity, we get
ucl

)= £ <w (i) < (1425 Y (r:0) 25)

for every 6 > 0 and u, z € I. Let now § = ;. By applying T}, keeping fixed z and letting u in I, and

from (25), we obtain while accounting for linearity and monotonicity

Za T (f;2) ) —eo(z)

<S"aDTe (1 () = £ (2)]52) +1f (=
k=1

Z U, <<1+g>>w(f;5);2) +H

k=

w(f;0)

Zag}ng (e0;2) — €0 (2)
k=1

+ SO, (o))
k=1

Zagng (e0; 2) — eo (2)

k=1

Zagk)Tk (e0;2) — €0 (2)

w(f;d)eo(2) +H
k=1
Zag}ng (€05 2) — €0 (2)

oo
§4H<

k=1

+w(/f; 5))
for each z € I. Now, by multiplying both sides of the above inequality by ﬁ and

Za )Ty (f:2) — £ (2) Za )T (e0; 2) — eo (2) ,
<4H | [= w(/39)

o(2) = 70 (2) o)

Let now v > 0. By applying the modular p, from the above inequality, we obtain

AT . — AT (eg) — e -5
p<7< s (f) f)) §p<8H'y< g (c0) 0>> +p<8H7w(f, >). 26)
o 00 01
For each k € Ny and a given r > 0, define the following sets:
AT —
U := {kGN():p(")/ (nd(.(f)f)) ZTVk}v
AT (eg) —e

z@::{kef%:p<8ﬂy<mf(w0));3”%}’

00 2

U,? = {kENo:p<8H’yw(j;5)> > 7"§k}
1

Referring to (26), we see that

U, C UL UUE.
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Then, it follows from this inclusion that
dp (Uy) < 0p (Ug) +ép (UF)

and using (7) and (47), we obtain

op (Ug) = 0.

The theorem’s proof is now complete.

Additionally, the same results apply when the symbol “o0” is changed with “O”.

Concluding Remarks

To conclude this paper, in order to highlight the significance of Theorem 1 and Theorem 2 in approximation

theory, we present some condensed results:

¢ We can derive the Korovkin type theorems of the P-statistical .A-summation process from our

Theorem 1 and Theorem 2 by substituting a non-zero constant for the scale function.

¢ The P-statistical relative Korovkin type theorems are directly obtained from our Theorem 1 and
Theorem 2 if we take A) by the identity matrix. We also obtain P-statistical Korovkin type

theorems if one replaces a non-zero constant for the scale function.

¢ Itis a well-known conclusion that (X, ||.||) is a normed space then, p (.) = ||.|| is a convex modular

in X. As a result, evey theorem in this paper are considered valid on normed spaces as well.
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Oz
Bu caligmada, ileri oksidasyon prosesleri olarak bilinen, Fenton, elektro-
Fenton ve foto-elektro-Fenton’un temel mekanizmalari ve sizinti suyu
aritiminda segilen deneysel c¢alisma parametrelerinin bu proseslerin
verimliligine etkileri tartisilmistir. Sizint1 suyu aritimu ile ilgili deneysel
calismalar, organik kirleticilerin hizl1 oksidatif bozunmasini saglamak igin
Sorumlu Yazar ileri oksidasyon proseslerinin kullanilabilecegini gostermistir. Bu
Kasim ATMACA nedenle, sizint1 suyunun aritiminda, Fenton ve ilgili proseslerin kullanimi
literatiirde yaygin olarak tartisilmaktadir. Fenton reaksiyonu sirasinda,
asidik ortamda hidroksil radikalleri (OH®) tiretmek i¢in hidrojen peroksit
(H202) demir tarafindan aktive edilir ve olusan OH® sizint1 suyundaki
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The Use of Advanced Oxidation Processes in the Treatment of Leachate

Abstract
In this study, the basic mechanisms of Fenton, electro-Fenton and photo-
electro-Fenton, known as advanced oxidation processes, and the effects of
selected experimental operating parameters on the efficiency of these
processes in the treatment of leachate are discussed. Experimental studies
on leachate treatment have shown that advanced oxidation processes can
20Ondokuz Mayis Universitesi, be used to achieve rapid oxidative degradation of _organic pollutants.
Miihendislik Fakiiltesi, Cevre Therefor(_e, the use _of Fentop and _related processes in the treatmer_lt of
leachate is widely discussed in the literature. During the Fenton reactions,
hydrogen peroxide (H.0) is activated by iron to produce hydroxyl
radicals (OH®) in the acidic environment, and the formed OH® removes
resistant organic compounds in the leachate. Although the discharge
standards expressed in the Water Pollution and Control Regulation in
force in our country are mostly not met, it is understood that advanced
oxidation processes are quite effective in reducing very high dissolved
pollutant concentrations. For this reason, it is recommended to use such
techniques together with another treatment method in the form of pre-
treatment or post-treatment in the treatment of leachate.
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Giris

Sizint1 sulari, atiklarin aerobik ve anaerobik ayrigsmasi neticesinde olusan her tiirlii sivi atik olarak
tanimlanabilir [1]. Yiiksek konsantrasyonlu bir organik atik su tiirii olarak ¢op sizint1 suyu, ¢oziinmiis
organik maddeler, amonyak azotu, agir metaller, inorganik tuzlar gibi bir¢ok organik ve inorganik
kirletici icerir [2]. Yapilan ¢alismalara gore, ¢Op sahasi sizint1 sularinda yaklasik 200 tehlikeli bilesik
tammlanmistir. Bu tehlikeli kirleticilerin ¢ogu, suda yasayan organizmalarin, ekolojinin ve besin
zincirleri iizerinde birikici, tehdit edici ve zararl etkilere sahiptir ve bu nedenle, kanserojen etkiler, akut
toksisite ve genotoksisite gibi insan sagligi tizerinde ¢ok biiyiik sorunlara yol agabilir [3]. Bu nedenle,
¢Op s1zint1 suyuyla etkin bir sekilde miicadele etmek son derece 6nemlidir [4]. Sizint1 sulart, iki 6nemli
faktor ile karakterize edilir: (i) hacim (miktar), (ii) bilesim. Hacim; yagis miktari, yeralti suyu seviyesi,
yiizey akisi, depolama sahasi Ortiisii ve atik tiirii gibi birgok faktdrden etkilenir. Sizint1 suyu bilesimini
etkileyen faktorler ise; biriken atigin 6zellikleri, toprak 6zellikleri, depolama sahasinin yasi, iklim hem
depolama sahasi i¢inde hem de depolama sahasi ile ¢evre arasindaki biyokimyasal etkilesimler, atik
sikigtirma orani, depolama sahasi tasarimi ve nem igerigidir. Faktorler arasinda, depolama sahasi yasi
en 6nemli olanlardan biridir ve diger faktdrlerin aninda tahmin edilmesi zor olabileceginden, ilk karar
vermede kullanilabilir. Sizint1 suyu bilesimini temsil eden temel parametreler BOI, KOI, pH, toplam
kjeldahl azotu (TKN), toplam askida kat1 madde (TAKM), toplam ¢6ziinmiis kati madde (TCKM),
amonyak azotu (NHs-N), BOI/KOI oran1, agir metaller, kiikiirt bilesikleri, toplam organik karbon (TOK)
ve ¢Oziinmiis organik maddedir. Tablo 1 de, depolama sahasinin yasma gore sizinti sularinin bazi

ozellikleri gosterilmistir [1].

Tablo 1. Depolama sahast émrii boyunca sizinti suyu ézellikleri [1]

Parametre Geng Orta Yasgh Stabilize Yash
Yas (Yil) <5 5-10 10-20 >20
pH 3-7 6-8 >7.5 >7.5
BOI (mg/L) 2000-50000 500-15000 50-1000 <300
KOI (mg/L) 400-90000 1000-30000 1000-5000 <3000
BOI/KOI 0.5-1.0 0.1-0.5 <0.1 <0.1
TOK/KOI <0.3 0.3-0.5 >0.5 >0.5
Agir metal (mg/L) >2 - - <2
TKN (mg/L) 500-4500 400-2000 50-2000 <2000
NHs-N (mg/L) <400 - >400 -
NHz* -N (mg/L) 500-4500 - - <1500
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Tablo 1°de goriildiigii iizere; pH, BOI, KOI, BOI/KOI ve NHs* -N degerleri deponi sahasi yasi ile

birlikte 6nemli farkliliklar gosterebilmektedir. Ornegin, gen¢ sizinti suyu olusumlarinda asidik
karakterli olabilen sizint1 sularinin zamanla bazik hale gelebildigi, biyolojik olarak pargalanabilen
organik maddelerin biiyiik bir kisminin (BOI olarak degerlendirilen) stabilizasyon safhasinda ayristigi,
fakat biyolojik olarak parcalanamayan organik maddelerin ise (KOI’ ye katkida bulunan) bu sathada
degismeden kaldig1 diisiiniilmektedir. Sonug olarak BOI/KOI oranm1 zamanla azalir. Diger taraftan,
sizint1 suyundaki agir metal konsantrasyonlari, zamanla artan pH’a bagh olarak deponi sahasi yasi
arttikca azalir. Aksine, NHs-N konsantrasyonu zamanla azalma egilimi gostermez. ileri oksidasyon
prosesleri (IOP) son yillarda sizint1 sularmin aritiminda yaygin olarak kullamlmaktadir. Literatiirde,
bircok IOP olmakla birlikte Fenton (Fe?*/H,0;), foto-Fenton (Fe?*/H,0./UV), H.0,/UV, ozon esasl
sistemler (O3, Os/UV, 0O3/H:0;), TiO,/UV ve siilfat radikal bazli oksidasyon prosesleri en yaygin
kullanilanlaridir [5]. ileri oksidasyon proseslerinde genellikle H,O, veya Os gibi giiclii kimyasal
oksidantlar, demir iyonlar1 ve bazi diger metaller katalizor olarak ve UV 15181, giines 15181, ultrason gibi
1s1ma yontemleri ayr1 ayr1 veya kombine bir sekilde kullanilir. Isima yontemi ile galisan IOP lerin atiksu
arittimindaki daha yiiksek kirletici giderim verimliligi nedeniyle daha etkili oldugu bilinmektedir [6].
IOP lerin temel hedefi, atiksu icerisindeki kirletici maddeleri su, karbondioksit ve inorganik bilesiklere
mineralize ederek zararsiz son tirlinlere doniistirmek-olup avantajlari soyle siralanabilir: (i) diger fiziko-
kimyasal aritma prosesleriyle karsilastirildiginda organik Kkirleticilerin gideriminde daha yiiksek
verimlilik saglamasi, (ii) biyolojik aritma prosesleriyle kiyaslandiginda daha hizli kinetik sergilemesi,
(iii) cevre dostu bir proses olmasidir. Prosesin dezavantajlari arasinda ise pH a kars1 hassasiyet ve gerekli

diisiik pH degerleri ile fazla oksidant miktar1 ve yiiksek maliyet sayilabilir [3, 5].
Fenton Prosesi

Fenton prosesi, boya atiksulari, fenolik atik sular, farmasoétik atik sular, kok atik sular1 ve ¢op sizinti
sular1 dahil olmak iizere gesitli atik su tiirlerinin arittiminda yaygin olarak kullanilmaktadir. Bununla
birlikte, depolama sahasi sizint1 suyu aritimindaki uygulamasi son derece kapsamlidir [2]. Fenton (F) ve
ilgili reaksiyonlar, organik veya inorganik bilesikleri oksitleyen aktif oksijen tiirleri olusturmak igin
H>0’in demir iyonlariyla reaksiyonlarini kapsar. Fenton reaksiyon mekanizmasi ile ilgili uzun bir
aragtirma gecmisi vardir. Fenton reaksiyonu, ilk olarak 1894 yilinda H.J.H. Fenton tarafindan
kesfedilmistir ve tartarik asidi oksitlemek i¢in H,O2’ nin Fe?* tuzlar tarafindan aktive edilebilecegini
bildirmistir [7]. Daha sonra, Fenton sisteminin reaksiyon mekanizmasi kapsamli bir sekilde
aragtirllmigtir. Cogu c¢alismada, Fenton oksidasyonu ile ¢op sizinti suyu aritimi asagidaki prensip
dogrultusunda gerceklestirilmistir. Bir yandan, demir iyonlari ve hidrojen peroksitler arasindaki katalitik
reaksiyon, giiclii bir oksidasyon potansiyeline sahip olan ve ¢Op sizint1 suyundaki organikleri bozan
hidroksil radikalleri dretir. Diger taraftan, ¢okeltiler Fe (OH)s'liin flokiilasyon etkisi ile uzaklastirilir.

Fenton reaktifi ile ¢Op sizint1 suyu aritma siireci dort adima ayrilabilir: (i) pH ayarlamasi, (ii) oksidasyon
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reaksiyonu, (iii) noétralizasyon ve (iv) flokiilasyon ve ¢okeltme. Fenton tepkimeleri ve organik RH

bilesiklerinin oksidasyonu, Denklem 1-9 da gosterilmistir [2].
Fe?* + H,0, — Fe** + OH*® + OH
RH + OH®* — H.O + R*®

Fe** + H,0, — Fe?* + HOz® + H*
Fe’* + HO;* — Fe** +02 + H*
OH* + H.0; — H20 + HO:*

Fe?* + HOz* — Fe** + HOZ

OH* + Fe?* — Fe** + OH-

KOI/TOK + H,0; (Fe?*, Fe®") — ara iiriin

H,0, (Fe?*, Fe**) + ara iiriin — CO; + su + inorganik tuzlar

)
)
@)
(4)
(5)
(6)
()
(8)
(9)

Fenton ve elektro-Fenton prosesleri ile sizinti sularindan KOI ve renk giderimi {izerine yapilmus

calismalardan bazilar1 Tablo 2 ve Tablo 3’te verilmistir.

Tablo 2. Fenton ve elektro-Fenton yontemleri ile sizinti sularindan KOI giderim verimleri

Yontem KOI giris (mg/L) H.0, (mg/L) Fe?* (mg/L) KOI Giderimi (%) Referans
Fenton 1500 1650 500 70 [8]
Fenton 1500 200 300 70 [9]
Fenton 1500 200 300 70 [10]
Fenton - 1200 1800 85 [11]
Fenton 10540 10000 830 60 [12]
Fenton 1000 2550 2800 70 [13]
Fenton - 5000 1500 85 [14]
Elektro-Fenton - 11560 1568 87.2 [15]
Fenton 1100-1300 1360 2240 61 [16]
Fenton 3300-4400 15000 2000 58 [17]
Elektro-Fenton - 2000 - 72 [18]
Fenton 5700 650 56 66 [19]
Fenton 220 183.6 252 56 [20]
Fenton 743 8160 224 60.9 [21]
Fenton 1396 - - 70-85 [22]
Fenton - 3500 3500 82 [23]
Tablo 3. Fenton ve ilgili proseslerle renk giderimi
Proses Renk giderimi (%) Referans

Elektro-Fenton 90 [18]

Elektro-Fenton >90 [24]

Foto-Fenton >95 [17]
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Tablo 4’te ise foto-elektro-Fenton yéntemiyle KOI ve renk giderimi iizerine yapilmis galismalardan

bazilar verilmistir.

Tablo 4. Sizinti suyundan foto-elektro-Fenton yontemiyle KOI ve renk giderimi iizerine yapilmus

calismalar
KOigiris H20. Fe* uv KOI giderimi  Renk giderimi  Referans
(mg/L) (mg/L) (mg/L) lamba (%) (%)

- 3000 - 1.4W/cm? 94 97 [24]
3300-4400 15000 2000 - 7 - [17]
2000 300 - 32w 97 100 [25]
8150 1000 550 16 83.84 84.46 [26]
1150 1150 56 500 70 - [27]

Ozon Esash Sistemler

Ozon’un atiksudaki organik kirleticleri okside ettigi bilinmektedir ve bunun yaninda koku ve renk
gideriminde de etkilidir. Ozon, Denklem 10 da verildigi tizere 2.07 V luk yiiksek bir oksidasyon

potansiyeline sahiptir ve yiiksek direngli atiksularin aritilmasinda kullanilabilir.
O3 +2H"+2e —> 0, +H0, E=2.07V (10)

Diger taraftan s1zint1 suyundan tek basina ozonlama ydnteminin kullanilmasiyla ortalama %35 KOI ve
%50 NH4-N u giderilebilir. Bu yiizden, daha yiiksek kirletici giderim verimine ulasmak i¢in ozonlama
yonteminin H,O2, UV veya adsorpsiyon sistemleriyle entegre edilmesi gerekmektedir. Denklem 11 de

gosterildigi gibi ozon, amonyak gideriminde de oldukea etkilidir [5].
NHs + 405" — NOs™ + 40, + Hz0 + H* (11)
Literatiirde, ozon esasl1 prosesler ile yapilmis calismalardan bazilar1 Tablo 5’te verilmistir.

Tablo 5. Sizinti suyundan ozon esasli sistemler ile yapilmig kirletici giderim ¢alismalari

Proses KOI pH O3/KOI (g/g) KOi H,0,/0; UV Referans
(mg/L) giderimi (9/9) (W)
(%)
O3 1585 8.2 1.7 23-32 [28]
O3 330 7.5 35 35 [29]
O3 480 7.7 0.5 >%50 [30]
O 6500 8.1 1.2 g/L Os doz %15 [31]
O 2300-4970  7.90-9.02 1.3-15 30 [32]
03/H20, 480 7.7 0.05-0.5 40 0.25-1 [30]
Os/UV 1280 2 - 54 - 100 [33]
Oz/UV 430 TOK - 0.1 g/L Oz doz 51 TOK - 300 [34]
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Siilfat Radikal Bazh leri Oksidasyon Prosesleri (S-IOP)

Siilfat radikali bazli ileri oksidasyon prosesleri (S-IOP), direngli mikroorganizmalar, ilaglar ve biyolojik
olarak parcalanamayan organik maddeler gibi kirleticileri gidermek i¢in uygulanabilir. Siilfat radikalleri
(SO4+7), hidrojeni doymus karbondan uzaklastirarak, hidrojeni ¢ift baglara ekleyerek veya elektron
transferi ile organik maddenin kismen veya tamamen minerallesmesine neden olur. Fenton prosesiyle
karsilastirildiginda, S-IOP kullaniminin bazi avantajlar1 sunlardir: (i) Siilfat radikalleri, Fenton
prosesinde olusan hidroksil radikalinden (OH") daha fazla stabiliteye sahiptir. (ii) Siilfat radikalleri sulu
¢ozeltide OH" den daha yiiksek ¢oziiniirliige sahiptir. (iii) S-IOP lerin kullaniminda pH arali§1 Fenton
prosesine gore daha genistir [35]. Literatiirde S-IOP ile yapilmis galismalardan bazilar1 Tablo 6 da

verilmistir.

Tablo 6. Sizinti suyundan S-IOP ile yapilnus kirletici giderim ¢alismalart

S-1OP Prosesi Giris kirletici Isletme kosullar1 Kirletici giderim  Referans
konsantrasyonu verimi (%)
Peroksi disiilfat 19180-20448 PDS: 4.2 g/L, pH. 7, %39 partikiil [36]
(PDS) mg/L KOI karigtirma hizi: 350 halde KOI, %60
rpm, deneysel siire: partikiil haldeki
120 dak. KOI
PDS 19180-20448 PDS: 5.15g/L, pH: 7, %45 KOI, %47 [37]
mg/L KOi sicaklik: 28 °C, NHs-N

deneysel siire: 60 dak.
Mikrodalga/PDS 5000 + 1000 mg/L.  PDS: 50mM, Giig: 450 ~ %50 KOI [38]

TOK W, pH: 8.4, deneysel

siire: 16 dak.
Mikrodalga/PDS 20-200 mg/L PDS: 2M, Giig: 550W, %88.6 TOK [39]
TOK sicaklik: 85°C,

deneysel siire: 2 saat

PDS/H,0, 19180-20448 PDS: 5.88 g/50 ml, %81 KOI, %83 [40]
mg/L KOI H,0,: 8.63 g/50 ml, amonyak
pH: 11, deneysel siire:
120 dak.

PDS/Fe?* 9700 mg/L KOI PDS: 330 mM, Fe?* : %30 KOI [41]

66 mM, deneysel siire:

6 saat
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Fenton Prosesini Etkileyen Parametreler
Fe*?/Fe*® Konsantrasyonu

Fe*2 konsantrasyonu, Fenton sistemlerinde énemli bir 6n kosuldur. Bu yiizden, demir konsantrasyonu,
genel aritma verimliligi iizerinde énemli bir etkiye sahiptir. Fe*2, hidroksil radikallerinin olusumunu
hizlandirdigindan, Fenton proseslerinin verimliligi ve hizi, genellikle yliksek demir konsantrasyonu
altinda artar [7,42]. Diger taraftan, ¢cok yiliksek demir konsantrasyonlari, daha yiiksek pH degerlerinde
demir ¢okelmesine neden olur ve mevcut verimi diisiiriir. Bu nedenle demir iyonlarimin optimum
konsantrasyonunu bulmak laboratuvar oOlgekli caligmalara ihtiyag vardir. Bundan dolayr demir

konsantrasyonu optimize edilmelidir.
pH

pH, Fenton proseslerinin sistem performansini etkileyen en 6nemli parametrelerden biridir. Cozeltinin
pH'1 oksidantin aktivitesini ve olusan demir tiirlerini etkiler [43, 44]. Bazik pH degerleri Fenton
proseslerini olumsuz yonde etkilemesinden dolayi asidik pH degerleri tercih edilmelidir [42]. Fenton
sistemlerinde, yapilan birgok ¢alismada optimum pH degerinin 3 oldugu bildirilmistir [45-48]. Diger bir
calismada ise optimum pH degeri 2 olarak bulunmustur [49]. Diger taraftan, ¢ok diisiik pH degerleri de
asagidaki nedenlerden dolayi sistem performansini olumsuz etkiler. Birinci olarak, diisiik pH sartlarinda,
H>0, olusturmak igin mevcut protonlarin sayisini azaltan hidrojen olusumu artar ve H2O: nin
ayrismasini hizlandirir. Tkinci olarak, diisiik pH sartlarinda OH® i olusumunu azaltan demir kompleksleri
olusur [42]. Dolayisiyla, Fenton proseslerinde aritma verimliligi hem diisik hem de yiiksek pH

degerlerinde azaldigindan pH degerinin optimize edilmesi gerekir.
H202 Konsantrasyonu

H>O, konsantrasyonu, Fenton sistemlerinin tamaminda prosesin verimini etkileyen ortak bir
parametredir. Hidrojen peroksit konsantrasyonu, kirleticilerin bozunma siirecinin genel verimliligine
karar vermede ¢ok Onemli bir rol oynar [50]. Genellikle, hidrojen peroksit dozajinin artmasiyla
kirleticinin % bozunmasinin arttigi gézlemlenmistir [51, 52]. Ancak oksidant dozaji segilirken dikkatli
olunmalidir. Fenton islemi sirasinda kullanilmayan hidrojen peroksit KOI'ye katkida bulunur ve bu
nedenle fazla miktar tavsiye edilmez [51]. Asir1 hidrojen peroksitin bir bagka olumsuz etkisi de tiretilen
hidroksil radikalleri iizerine siipiiriicii etki gostermesidir [42]. Bu nedenle hidrojen peroksit dozaji,
miktarin tamami kullanilacak sekilde ayarlanmali ve buna laboratuvar 6l¢ekli caligmalara gore karar

verilmelidir.
Elektro-Fenton prosesi

Elektro-Fenton yontemi, bir elektrokimyasal hiicrede anot ve katot arasinda bir elektrik akimi

uygulayarak elektrotlar ve elektrolitik ¢ozelti arasindaki elektron transferine dayanir [3]. Elektro-Fenton
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prosesi, reaktif ilavesine veya olusumuna bagl olarak dort kategoride siniflandirilir. Tip 1’de, hidrojen

peroksit ve demir iyonu, sirasiyla ¢oziinebilir anot ve katot kullanilarak elektriksel olarak iiretilir [53].
Tip 2’de, hidrojen peroksit harici olarak sisteme eklenirken, demir iyon (Fe?") kaynagi olarak
¢oziinebilir demir anot kullanilir [54]. Tip 3’te, demir iyonu harici olarak eklenirken katotta hidrojen
peroksit tretilir [55, 56]. Tip 4’te ise, Fenton reaktifi elektrolitik bir hiicrede hidroksil radikalleri
tretmek i¢in kullanilir ve demir iyonu, katotta demir iyonlariin indirgenmesi yoluyla yeniden {iretilir
[15, 57].

Elektrotlar Arasi1 Mesafe EtKisi

Elektrotlar aras1 mesafe, elektro-Fenton sistemlerinin verimini etkileyen 6nemli parametrelerden biridir
[58]. Elektrotlar aras1 mesafenin ¢ok az olmasi durumunda, elektriksel olarak iiretilen Fe?* iyonlar1 Fe®*
e oksitlenir, bu da Fenton reaksiyonlarinin verimini diisiiriir. Ote yandan, mesafe ¢ok artarsa, elektrotlar
arasindaki artan elektriksel direng nedeniyle tiiketilen elektrik enerjisi artar [42]. Her iki nedenden dolay1
da elektrokimyasal aritma ¢aligsmalarinda elektrotlar arasi mesafenin incelenmesi ¢ok dnemlidir. Atmaca
[26], s1izint1 suyundan elektro-Fenton yontemi ile yapmis oldugu KOI ve renk giderimi galismasinda
optimum kosullar altinda (pH: 3, akim yogunlugu: 100 A/m?, H,O2: 2000 mg/L, karistirma hizi: 250
rpm) elektrotlar arasi mesafenin 0.5 cm den 1.5 cm ye ¢ikarilmasiyla 30 dakikalik aritim neticesinde
KOI gideriminin %47 den %68 e yiikseldigini, renk gideriminin ise optimum kosullar altinda (pH: 3,
akim yogunlugu: 75 A/m?, H,O,: 2000 mg/L, karistirma hiz1: 250 rpm) 7.5 dakikalik aritim sonucunda
%40 tan %69 a yiikseldigini bulmustur. Zhang ve ark. [15], sizint1 suyundan elektro-Fenton yontemi ile
KOI giderimi {izerine yapmis olduklar1 ¢aligmada elektrotlar aras1 mesafenin 2.1 cm den 2.8 cm ye
¢ikartilmasiyla KOI gideriminin %80.8’den %71.8’e diistiigiinii bulmuslardir. Atmaca [18], sizint1
suyundan elektro-Fenton yontemiyle yapmis oldugu aritim ¢alismasinda elektrotlar arasi mesafenin 1.8

cm’den 2.8 cm’ye ¢ikartilmastyla KOI gideriminin %10 arttigini bulmustur.
Foto-elektro-Fenton prosesi

EF isleminin UV 1s1n kaynagiyla kombine edilmesi foto-elektro-Fenton prosesi olarak adlandirilir [5].
UV 15181 (200400 nm) sisteme dahil edildiginde, hipoklorit, elektroliz sisteminin oksidasyon
aktivitesini iyilestirmek i¢in hidroksil radikallerine ve klor radikallerine ayrigir (Denklem 12) [59].

HOCI + hv — OH* + CI* (12)
UV 1s1gmin varliginda, H>O; pargalanarak Denklem 13 uyarinca hidroksil radikallerine doniigmektedir.
H,O; + hv — OH* + OH* (13)

Literatiirde rapor edilen ¢alismalar, foto-elektro-Fenton prosesiyle organik kirleticilerin daha yiiksek

oranda bozunma sagladigini gostermistir. 4-klorofenol, nitrobenzen ve anizol gibi kirleticiler, herbisitler
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ve etilen glikol foto-elektro-Fenton prosesi ile etkili bir sekilde par¢alanmistir. H,O2’nin Denklem 13

uyarinca dogrudan fotolizi, organik bilesiklerin bozunmasi i¢in kullanilabilen hidroksil radikalleri iiretir.
Ayrica olusan demirhidroksitler de UV varliginda parcalanarak hidroksil radikali iiretmektedir
(Denklem 14) [7].

[Fe(OH)]** + hv — OH* + Fe?* (14)

Sonug olarak, atiksu UV ile muamele edildiginde ortamda olusan OH® i miktar1 artmaktadir. Bu yiizden,
foto-elektro-Fenton prosesinde genel olarak daha yiiksek kirletici giderimi saglanmaktadir. H2O;
konsantrasyonu ve elektrotlar aras1 mesafe foto-elektro-Fenton prosesini etkileyen Onemli
parametrelerdendir. Beyazit ve Atmaca [60], sizint1 sularinin foto-elektro-Fenton ydntemiyle KOI ve
renk giderimi ile yapmis oldugu c¢alismada, H.O. konsantrasyonunun 250 mg/L den 1000 mg/L ye
¢ikariimastyla KOI giderimin 90 dakikalik aritim neticesinde %53.16 dan %83.84 e, renk gideriminin
ise 45 dakikalik aritim neticesinde %56.32 den %84.46 ya yiikseldigini bulmustur. Diger taraftan H,O;
konsantrasyonunun 1000 mg/L den 1500 mg/L ye ¢ikarilmasiyla KOI gideriminin 90 dakikalik aritim
neticesinde %83.84 ten %69.53 e diistiigii, renk gideriminin ise 45 dakikalik aritim neticesinde %84.46
dan %70.87 ye distiigli bulunmustur. Benzer bir korelasyonu Asaithambi ve ark. [25], sizint1 suyundan
foto-elektro-Fenton ydntemiyle KOI ve renk giderimi iizerine yapmis olduklar1 calismada bulmuslardir.
H.0, konsantrasyonunun 75 mg/L den 300 mg/L ye ¢ikarilmasiyla KOI gideriminin %58.50 den
%97’ye yikseldigini, diger taraftan H»O, konsantrasyonunun 300 mg/L den 450 mg/L ye
yiikseltilmesiyle KOI gideriminin %97 den %80.50 ye diistiigiinii bulmuslardir. Sonug olarak H.O.
konsantrasyonu hem aritma maliyetini hem de aritim performansini direkt olarak etkilediginden
optimize edilmelidir. Asaithambi ve ark [25], foto-elektro Fenton yéntemi ile sizint1 suyundan KOI ve
renk giderimi iizerine yapmis olduklar1 ¢alismada optimum deneysel kosullar altinda (KOI giris: 2000
mg/L, pH: 3, akim yogunlugu: 30 A/m?, H.0,: 300 mg/L, UV lambasi: 32W, deney siiresi: 4 saat);
elektrotlar arast mesafe 0.75 cm’den 3 cm’ye cikarldiginda KOI giderimi %97’den %69.50’ye
diistiigiinii ve elektrik enerjisi tiiketiminin 3.1 kWh/m?® ten 6.5 kWh/m®e yiikseldigini bulmuslardir.
Dolayisiyla, foto-elektro-Fenton prosesinde, elektrotlar arasi mesafe hem kirletici giderim verimini hem

de elektrik enerjisi tiiketimini etkilediginden optimize edilmelidir.
UV Lamba

UV, elektromanyetik dalgalarin bir pargasidir. Ultraviyole 151k elektromanyetik radyasyon 400 ile 10
nm arasinda degisir ve birka¢ bolgeye ayrilir. Goriinmez UV 1s1k araligi, 400 nm dalga boylarindan
asagiya dogru belirlenir. Kullanilan UV lamba tiirlerine gore dalga boyu araliklar1 soyledir: UV-A: 400
nm ile 315 nm arasi, UV-B: 315 nm ile 280 nm arasi, UV-C: 280 nm ile 200 nm dalga boyu arasini
kapsar. UV 15181 ile su dezenfeksiyonu uygulamasi esas olarak UV-C aralig: ile ilgilidir, bu da optik

ekipmanim miimkiin oldugunca seffaf olmasi gerektigi anlamina gelir. Seffaf malzeme olarak kuvars
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cam kullanilabilir. 300'den 200 nm'ye kadar olan 1s18a uzak UV de denir. 10 nm altinda, x-1gmnlar1

bolgesi baglar [61].
Diisiik basingli 254 nm’lik civa buharli UV lambalar1 (UV-C) genel olarak UV radyasyonu iiretmek i¢in

kullanilirlar. UV lamba genellikle reaktdre bir kuvars ceket icerisinde daldirilmaktadir. Atiksu
icerisindeki yiiksek askida kati madde veya kolloidal maddelerin UV 1s1ma oOncesi giderilmesi 151k

gecirgenligini arttiracaktir [62].
Sonuc ve Oneriler

Sizint1 sularinin aritilmast igin ileri oksidasyon proseslerinin uygulanmasi, son on yilda artan bir ilgi
gormiistiir. Fenton prosesinin verimliligi biiyiik 6l¢iide reaksiyon kosullarina ve sizinti suyu bilegimine
baglidir. Fenton prosesi, ¢op sizint1 suyu aritimindaki uygulamalar i¢in umut verici bir teknolojidir.
Foto-elektro-Fenton prosesi ile yapilan calismalarda genel olarak KOI ve renk giderimlerinin elektro-
Fenton yontemine gore arttigi gozlemlenmistir. Diger taraftan, Fenton sistemleri ile sizint1 suyu aritimi
ile ilgili sorunlar1 ¢6zmek i¢in agsagidaki konular daha fazla aragtirilmalidir.

1) Depolama sahast sizinti suyunun karmasik bir bilesimi vardir ve organik kirleticilerin bilesimi ve
yapisi, Fenton sistemlerinin oksidasyon verimliligini ve organik maddelerin bozunma hizini
etkileyebilir. Gelecekteki ¢aligmalarda, organiklerin karmasik yapisini ve oksidasyon mekanizmalarini
belirlemeye odaklanilmalidir.

2) Fenton sistemlerinin diger aritma prosesleriyle verimli kombinasyonlar1 belirlenmelidir. Nihai olarak
yliksek verimlilik ve maliyet etkinligi g6z Oniinde bulundurularak aritma alternatiflerinin optimize
edilmesi gerekir.

3) Fenton sistemlerinin oksidasyon verimliligini artirmak i¢in ucuz ve cevre dostu katalizorler
gelistirilmelidir. Yiiksek verimli ve diisiik maliyetli oksitleyici ajanlarin gelistirilmesi ve bunlarin biiyiik
Olcekli sanayi uygulamalarinin gergeklestirilmesi gerekmektedir. Bu nedenle oksitleyici madde
arastirmalarina ve katalizor gelistirmeye oncelik verilmelidir.

4) Fenton sistemleri, genellikle tek basina ¢6p sizint1 suyu desarj standartlarini karsilayamadigindan
otiirii diger teknolojilerle birlikte kullanilabilir. Ornegin, Fenton, ozonlama ve biyolojik aritma
sistemlerinin verimli entegrasyonu, ¢op sizinti suyu aritma teknolojisi ¢aligmalarinda 6nemli bir gelisme
yoniidiir. Bu entegrasyon sayesinde, sadece isletme maliyetleri diigiiriilmekle kalmayacak, ayn1 zamanda
¢Op sizintt suyunun verimli bir gekilde aritilmasi da saglanabilecektir. Bu senaryoda, isletim
parametrelerinin en iyi nasil optimize edilecegine, aritma verimliliginin nasil iyilestirilecegine ve isletim

maliyetlerinin nasil azaltilacagina 6zellikle dikkat edilmelidir.
Tesekkiir-
Fon/Finansman bilgileri Bu ¢alisma, herhangi bir kurum veya kurulus tarafindan desteklenmemistir.

Etik Kurul Onayt ve Izinler Calisma, etik kurul izni ve herhangi bir 6zel izin gerektirmemektedir.

182


https://bap.ebyu.edu.tr/?_ga=2.77443029.1328722608.1645638545-1147814056.1585839529
https://bap.ebyu.edu.tr/?_ga=2.77443029.1328722608.1645638545-1147814056.1585839529

Atmaca ve Beyazit Sinop Uni J Nat Sci 7(2): 173-187 (2022)
ISSN: 2536-4383

Cikar Catismalary/Catisan Cikarlar Yazarlar ¢ikar ¢catigmasi olmadigini beyan eder.

Yazarlarin Katkist Calismada 1. yazar %60 oraninda, 2. yazar %40 oraninda katki saglamistir. Tiim

yazarlar makalenin son halini okumus ve onaylamistir.
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