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Yeni imidazol-hidrazon tiirevlerinin sentezi ve
antikolinesteraz aktivitesi
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Oz

Alzheimer hastaligi (AH) oncelikli olarak yasl popiilasyonda goriilen, klinik olarak
bellek ve bilissel bozukluklar ile karakterize, ilerleyici ve nérodejeneratif bir hastaliktir.
Hastaligin  etiyolojisinin  heniiz tam olarak belirlenememis olmasi,  hasta
popiilasyonunun yillar gegtikce artmasi, radikal bir tedavinin olmayisi, tedavi ve bakim
maliyetinin oldukc¢a yiiksek olmasi, hastalarin yasam kalitesini olduk¢a diisiirmesi gibi
sebepler hastaligin onemini artirmakta ve arastirmacilart bu alana yonlendirmektedir.
Bu ¢alismada, bazi yeni imidazol-hidrazon tiirevleri, imidazol-hidrazon gruplarinin
potansiyel antikolinesteraz aktivitesi géz oniine alinarak sentezlendi. Sentez
calismalarinda, hidrazon bilesikleri ¢esitli imidazol-karbaldehit tiirevieri ile reaksiyona
sokuldu ve sonug bilesikleri elde edildi. Elde edilen bilesiklerin yapilar: IR, 'H NMR,
3C NMR ve Kiitle spektroskopik yontemleri ile aydinlatildi. Sentezlenen bilesiklerin
kolinesteraz enzimi iizerindeki etkileri Ellman metodu kullanilarak degerlendirildi.
Sentezlenen bilesiklerin aktivite ¢alismalar: sonucunda orta diizeyde antikolinesteraz
aktivitesi gosterdigi belirlenmistir.

Anahtar kelimeler: Hidrazon, imidazol, antikolinesteraz, ellman metodu.

Synthesis of new imidazole-hydrazone derivatives and
anticholinesterase activity

Abstract

Alzheimer's disease (AD) is a progressive and neurodegenerative disease primarily seen
in the elderly population, clinically characterized by memory and cognitive impairment.
The importance of disease increase because of some reasons, the etiology of the disease
has not been determined yet, increase in patient population over the years, absence of

" Ulviye ACAR CEVIK, uacar@anadolu.edu.tr, http:/orcid.org/0000-0003-1879-1034
Derya OSMANIYE, dosmaniye@anadolu.edu.tr, http:/orcid.org/0000-0002-0499-436X
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OSMANIYE D., ACAR CEVIK U.

radical treatment, high cost of treatment and care, significant reduction in quality of life
of patients, and these lead to direct researchers to this field. In this study, some new
imidazole-hydrazone  derivatives  were  synthesized  considering  potential
anticholinesterase activity of imidazole-hydrazone groups. In synthesis studies,
hydrazone compounds was reacted with various imidazole-carbaldehyde derivatives
and final product were gained. Structures of obtained compounds were confirmed by
IR, '"H NMR, 3C NMR and Mass spectroscopic methods. Effects of the synthesized
compounds on cholinesterase enzyme were observed by using Ellman’s method.
Moderate anticholinesterase activity of the synthesized compounds was determined as a
result of activity studies.

Keywords: Hydrazone, imidazole, anticholinesterase, ellman’s method.

1. Giris

Alzheimer hastaligt (AD), yash popiilasyonunu etkileyen demansin Onde gelen
nedenlerinden biri olan progresif ve ndrodejeneratif bir bozukluktur. Hafiza fonksiyonu
ve giinliik rutinlerini yerine getirme becerisine bagli olan biligsel iglevlerin, diisiinme
becerilerinin ve anlayislarin azalmasi ile iliskilidir [1,2]. Belirtilerinin komplikasyonlari,
hastaligin karmasikligina isaret etmektedir. 60 yasindan itibaren AD gelisiminde risk
faktoriinlin % 1 civarinda oldugu tahmin edilmektedir. Bununla birlikte, bu oran 5 yilda
bir ikiye katlanmaktadir. Kiiresel olarak, AD yaklasik 46 milyon kiside goriilmektedir
ve bu saymin 2050'ye kadar 131 milyona ulagmasi bekleniyor [3].

Hastalarda goézlenen histopatolojik degisiklikler, beyindeki hiicre dis1 amiloid-p-plak
birikintileri ve hiicre i¢i ndrofibrilerin seviyelerinin yiikselmesinin yani sira néron ve
sinaps kaybini da igerir. Ayrica hastalarin kolinerjik sistemlerinde meydana gelen
degisikliklerde patolojik bulgular arasinda yer almaktadir [1,2].

Noropatolojik kanitlar, diisiik seviyedeki asetilkolinin (ACh), AD'li hastalarda hafiza
bozuklugu ve davranigsal anormallikten sorumlu oldugunu kanitlamistir. Bu nedenle,
AChE inhibitorleri, kolinerjik noronlar arasindaki ve sinapslardaki asetilkolin
seviyesinin artmasini saglayarak kolinerjik fonksiyonu arttirmaktadirlar [4]. Donepezil,
rivastigmin, galantamin ve memantin FDA tarafindan onaylanmig AChE inhibitorlerine
ornek ila¢ etken maddeleridir [5].

Kolinerjik sistem 6grenme, bilis ve hafiza siireclerinin diizenlenmesinde 6nemli bir rol
oynamaktadir.  Asetilkolin iki tip kolinesteraz ile hidroliz edilmektedir:
asetilkolinesteraz (AChE) ve butirilkolinesteraz (BChE) [5,6]. AD'nin ilerlemesiyle
beyindeki AChE seviyesi kademeli olarak azalir, ancak BuChE aktivitesi ayn1 kalir veya
normal seviyenin % 165'ine kadar artar. Gelismis asamada, BChE beyindeki ACh'nin
hidrolizini devralir. Spesifik BChE inhibisyonu, ACh seviyelerinde 5 kat artigla
sonuclanir ve AChE inhibisyonunun ortak bir yan etkisi olan klasik kolinerjik
toksisiteyi atlatabilir. Bu nedenle, AChE ve BuChE'in ¢ift inhibisyonu, AD
tedavisinde daha 1yi bir terapétik strateji olabilir [7].

Yeni giiglii AChE inhibitorlerinin aranmasinda, Alzheimer'in takrin, donepezil ve
galantamin gibi tedavi ilaclar1 dahil olmak {izere 6nemli inhibitdr aktivite sergileyen
bilesiklerde ¢ok sayida heterosiklik halka bulunmasi dikkat ¢ekicidir. Bu ylizden ¢ogu
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heterosiklik sistem, AChE inhibe edici aktiviteye sahip yeni bilesikleri kesfetmek i¢in
bir iskelet olarak kullanilmistir [8-10]. Bunlar arasinda imidazol halkasi, AChE
inhibitor molekiillerinin tasariminda rol oynamaktadir [11-13].

Hidrazon fonksiyonel grubu tasiyan inhibitor aktivitesine sahip bilesiklerin ¢cogu, cesitli
caligmalarda bildirilmistir. Hidrojen donériine sahip olan hidrazonlar ve alic1 azot
atomlari, enzimin aktif yoresindeki amino asitlerle hidrojen baglar1 olusturabilirler
[14,15].

Bu c¢alismada imidazol ve hidrazon yapist tasiyan yeni N’-((1H-imidazol-2-
yl)methylen)substitute benzohidrazit tiirevi bilesikler sentezlenmis ve AChE inhibisyon
potansiyelleri degerlendirilmistir.

2. Deneysel calismalar

2.1. Sentez calismalari
Benzoik asit hidrazid tiirevierinin (la-1g) sentezi

Benzoil klortir tiirevleri (0,05 mol) THF (100 mL) icerisinde ¢oziilerek buz banyosu
icerisine alinmistir. Cozeltiye hidrazin hidratin (0,1 mol) THF (25 mL) igerisindeki
cozeltsi damla damla ilave edilmistir. Damlatma islemi sonrasinda reaksiyona oda
sicakliginda bir saat daha devam edilmistir. Reaksiyon siiresi bitiminde ¢oken kisim
stizelerek alinmis ve etanolden kristallendirilmistir [16].

Hidrazon tiirevilerinin (2a-2g) genel sentez yontemi

Uygun benzoik asit hidrazit tiirevi (0,01 mol) ile uygun 1H-imidazol-4-karbaldehit (0,1
mol) EtOH icerisinde geri sogutucu altinda 1 saat 1sitilarak karistirilmistir. Coken tirtin
stiziilerek alinmis ve etanolden kristallendirilmistir [17].

N'-((1H-imidazol-2-il)metilen)benzohidrazit (2a): Verim: % 80. E.n: 2754. FTIR
(ATR) cm!: 3211 (N-H), 1641 (C=0), 694 (monosubstitiie benzen)."H-NMR (300
MHz, DMSO-dys): 6 = 7,52-7,54 (3H, ¢, Ar-C-H), 7,57 (2H, i, J=6,87 Hz, Ar-C-H), 7,77
(1H, t, C-H), 7,89 (2H, i, J=6,90 Hz), 8,38 (1H, t, N-H), 11,61 (1H, t, N-H). *C-NMR
(75 MHz, DMSO-ds): 6 = 122,36 127,34, 129,69, 131,80, 134,49, 136,06, 137,01,
137,11, 165,24. ESI-MS [M+H]": 215.

N'-((1H-imidazol-2-il)metilen)-4-klorobenzohidrazit (2b): Verim: %78. E.n.: 261,3.
FTIR (ATR) cm': 3143 (N-H), 1587 (C=0), 837 (1,4-disubstitiiebenzen). 'H-NMR
(300 MHz, DMSO-ds): 6 = 7,50-7,52 (2H, ¢, Ar-C-H), 7,62 (2H, 1, J=8,58 Hz, 1,4-
disubstitiie benzen), 7.94 (2H, 1, J/=8,61 Hz, 1,4-disubstitiie benzen), 7,78 (1H, t, C-H),
8,57 (1H, t, N-H), 10,64 (1H, t, N-H). >*C-NMR (75 MHz, DMSO-ds): & = 128,21,
129,86, 131,56, 132,04, 133,05, 135,38, 138,74, 152,74, 164,07. ESI-MS [M+H]": 249.

N'-((1H-imidazol-2-il)metilen)-4-metoksibenzohidrazit (2¢): Verim: %72. E.n.: 298,2.
FTIR (ATR) cm™: 3172 (N-H), 1587 (C=0), 837 (1,4-disubstitiiebenzen). 'H-NMR
(300 MHz, DMSO-ds): 6 = 3,84 (3H, t, -OCH3), 7,10 (2H, i, J=8,73 Hz, 14-
disubstitiiebenzen), 7,47 (2H, t, Ar-C-H), 7,74 (1H, t, C-H), 7,89 (2H, i, J=8,85 Hz, 1,4-
disubstitiiebenzen), 8,11 (1H, t, N-H), 12,88 (1H, t, N-H). >*C-NMR (75 MHz, DMSO-
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ds): 8 = 55,92, 114,63, 121,75, 126,06, 129,32, 135,52, 136,28, 136,97, 153,45, 162,30.
ESI-MS [M+H]": 245.

N'-((1H-imidazol-2-il)metilen)-3,4-diklorobenzohidrazit (2d): Verim: % 77. E.n.:
297,7. FTIR (ATR) cm™: 3145 (N-H), 1615 (C=0). 'H-NMR (300 MHz, DMSO-ds): §
=17,50-7,55 (2H, ¢, Ar-C-H), 7,58-7,61 (1H, ¢, Ar-C-H), 7,77 (1H, t, C-H), 7,91-7,94
(2H, ¢, Ar-C-H), 8,54 (1H, t, N-H), 10,50 (1H, t, N-H). 3C-NMR (75 MHz, DMSO-dj):
o = 122,1, 125,87, 129,16, 129,85, 131,66, 132,85, 134,19, 137,24, 138,20, 152,49,
165,28. ESI-MS [M+H]": 283.

N'-((1H-imidazol-2-il)metilen)-3,4-dimetoksibenzohidrazit (2e): Verim: % 80. E.n.:
194,1. FTIR (ATR) cm™: 3174 (N-H), 1651 (C=0). 'H-NMR (300 MHz, DMSO-dj): &
=3,82-3,85 (6H, ¢, -OCH3), 7,06-7,10 (2H, ¢, Ar-C-H), 7,51-7,63 (2H, ¢, Ar-C-H), 7,74
(1H, t, C-H), 7,92-7,95 (1H, ¢, Ar-C-H), 8,08 (1H, t, N-H), 9,17 (1H, t, N-H). *C-NMR
(75 MHz, DMSO-ds): & = 56,07, 56,18, 111,09, 111,44, 120,93, 121,34, 121,86, 125,35,
129,22, 136,78, 148,76, 152,13, 165,88. ESI-MS [M+H]": 275.

2.2. Analiz calismalart

2.2.1. ITK calismalar ve Rf degerlerinin saptanmast

Biitiin sentez calismalarinda reaksiyonlarin  kontrolii ITK uygulamalari ile
gerceklestirilmistir. Belli zaman araliklart ile deney balonlarindan alinan numuneler ve
sentezlerde kullanilan baslangic maddelerinin etanoldeki cozeltileri adsorban olarak
secilen silikajel 60 F254 kapli, onceden uygun ¢oziicii karigimlart ile doyurulmus
alliminyum plakalara kilcal boru yardimiyla tatbik edilmis ve hareketli fazlar igerisinde
stiriiklenmesi saglanmistir. Lekelerin saptanmasinda, ultraviyole 15181 (254 nm ve 366
nm) kullanilmistir. ITK sonucuna gére reaksiyonlara son verilmis ya da devam
edilmistir. Bu ¢alisma kapsamindaki her bir sentezin kontrolii i¢in uygun ITK hareketli
fazlan, farkli ¢6ziicii karisimlar: denenerek bulunmustur. Anlatilan sentezlerin kontroli
i¢in uygun hareketli fazin petrol eteri : etil asetat (3 : 1) olduguna karar verilmistir.

2.2.2. Erime noktalarinin tespiti

Sentezlenen bilesiklerin erime noktalarmin (E.n) saptanmasi, toz edilen maddenin, bir
ucu acik kapiller borulara 2 cm kadar doldurularak Elektrotermal erime noktasi tayini
cihazinda yapilmis ve bulunan degerler diizeltilmemistir.

2.2.3. 'H NMR ve '3C NMR spektrumlarinin alinmasi
Sonug bilesiklerin '"H NMR ve '*C NMR spektrumlari, 5 mg sentez iiriiniiniin 0,5 mL
dotero dimetilsiilfoksid i¢indeki ¢Ozeltisinin, tetrametilsilan’a kars1 300 ve 75 MHz’lik
NMR spektrometresine uygulanmasi sonucu alinmustir.

2.2.4. IR spektrumlarinin alinmas
Proje kapsamindaki sonug bilesiklerin IR spektrumlari, az miktar sentez {iriiniiniin ATR
IR spektrofotometresine uygulanmasit sonucu alinmstir.

2.2.5. Kiitle analizi
I mg madde tartilarak 1 mL asetonitril-su karistminda ¢oziilmiis, LC-MS8040
(Shimadzu Kyoto, Japonya) cihaz1 kullanilarak analiz edilmistir.
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2.3. Aktivite calismalari
Sentezi gerceklestirilen bilesiklerin, AChE inhibitor aktivitesi Ellman Testi ile
saptanmugtir [18-20].

AChE enzim soliisyonunun hazirlanmast

Liyofilize haldeki AChE enzimini ¢dzmek icin %1 lik jelatin ¢ozeltisi hazirlanmistir.
AChE enzimi jelatin ¢ozeltisinde 500 U/mL konsantrasyonda hazirlanmistir. Enzim
cozeltisinden 1 mL alinarak balon joje icerisinde hacim suyla 100 mL’ye
tamamlanmistir. Boylelikle 5 U/mL’ye seyreltilmis stok enzim soliisyonu
hazirlanmistir. Hazirlanan stok ¢ozelti 0,7 mL’lik porsiyonlar halinde -20 °C’de
saklanmistir. Enzim ¢ozeltileri, aktivite calismalarmma baslamadan Once oda 1sisina
getirilmis ve metod konsantrasyonu olan 2,5 U/mL’ye seyreltmek icin suyla 1,4 mL’ye
tamamlanarak kullanilmistir.

Asetiltiyokolin iyodiir (ATC) ¢ozeltisinin hazirlanmast (0,075 M)

ATC (0,217 g) bir miktar suda ¢6ziilmiis ardindan suyla 10 mL’ye tamamlanmaistir.
Hazirlanan ¢ozelti, kullanilincaya kadar 0,4 mL’lik kisimlar halinde -20 °C ’de
saklanmustir.

5-5-ditiyobis(2-nitrobenzoik asit) (DTNB) soliisyonunun hazirlanmasi (0,01 M)

DTNB (0,396 g) tartilarak bir miktar suda ¢ozililmiistiir. Bu ¢dzeltiye sodyum
bikarbonat (0,15 g) ilave edilmis ve hacim suyla 100 mL’ye tamamlanmistir.
Hazirlanan ¢o6zelti, kullanilincaya kadar 3 mL’lik kisimlar halinde -20 °C’de
saklanmustir.

Fosfat tamponunun hazirlanmasi: (pH=38,0)

Potasyum dihidrojen fosfat (13,61 g), 1 L suda ¢oziilmiistiir. Hazirlanan ¢6zeltinin
pH’s1 0,1 N potasyum hidroksit ¢ozeltisi ile pH metre kullanilarak kontrollii bicimde
8,0+0,1’e ayarlanmistir. Ayarli tampon ¢6zelti 0,22 um por ¢ap1 olan tek kullanimlik
filtrelerden siiziilerek kullanima hazir hale getirilmistir. Hazirlanan ¢ozelti,
kullanilincaya kadar 4 °C’de saklanmustir.

Enzim soliisyonu, inhibitér madde soliisyonu, fosfat tamponu ve 5,5-ditiyobis(2-
nitrobenzoik asit) ¢ok kanalli mikropipetler yardimiyla 96 kuyucuklu plakalara
konmustur. Karisim 25 °C’de 15 dakika inkiibasyona birakilmistir. Bu siire sonunda
enzim substrat reaksiyonu, ATC ilavesi ile baslatilarak, mikroplaka okuyucu ile 412
nm’de bes dakika aralikla iki absorbsiyon dl¢iimii gerceklestirilmistir. Referans olarak
inhibitér madde olmaksizin ayni islem gergeklestirilerek okuma yapilmistir. Kontrol
ajant olarak AChE inhibitorii donezepil kullanilmistir. Enzim inhibisyonlar1 asagidaki
esitlik kullanilarak hesaplanmistir.

% Ei= [(Akonts - Akonti) - (Ainhs - Ainhi) / (Akonts - Akonti)] x 100
%EI = Yiizde enzim inhibisyonu

Ainns = Inhibitor varligindaki besinci dakika absorbansi
Ainni = Inhibitér varhgindaki sifirinci dakika absorbansi
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Axonts = Referans soliisyonun (inhibitdrsiiz) besinci dakika absorbansi
Axonti = Referans soliisyonun (inhibitorsiiz) sifirinci dakika absorbansi

Biitiin absorbans degerleri bos okunan (blank) degerleri ile dogrulanmistir. Her bir
deney dort bagimsiz kuyucukta gerceklestirilmis ve 6l¢iimlerinde ortalama absorbans
degerleri kullanilarak % enzim inhibisyon degerleri hesaplanmustir.

3. Sonuglar ve tartisma

Potansiyel antikolinesteraz aktiviteleri i¢in hazirlanan sonug bilesiklerine ulasmak igin,
Oncelikle ilk basamakta benzoik asit hidrazit tlirevleri, benzoil kloriir tiirevlerinin
hidrazin hidrat ile reaksiyona sokulmasiyla sentezlendi. Benzoik asit hidrazitleri ile
imidazol-4-karbaldehit bilesigi reaksiyona sokularak hidrazon tiirevi olan sonug
bilesikleri elde edildi (sekil).

Sentezlenen bilesiklerin (2a-2e) yapilar1 IR, 'TH NMR, *C NMR ve kiitle spektroskopisi
ile dogrulanmustir. IR spektrumlarinda, sirasiyla 3211-3143 ve 1651-1587 cm™'de N-H
ve C=0 baglar1 nedeniyle dnemli gerilme bantlar1 gozlendi.

Bilesiklerin 'H-NMR spektrumlarinda hidrazonun C-H protonu yaklasik 7,78-7,74
ppm'de belirlendi. Bilesiklerin 'H-NMR spektrumlarinda, hidrazon ve imidazoliin N-H
protonlart sirasiyla yaklasik 8,57-8,08 ve 12,88-9,17 ppm'de belirlendi.

3C NMR spektrumlari, aromatik ve alifatik bolgede, pikler tahmin edilen alanlarda
goriilmiistiir, ancak atamalar agikca belirlenememistir.

Bilesik [M + 1] tepelerinin kiitle spektrumlar1 (ESI-MS), hesaplanan molekiiler formiilii
(2a-2e) ile uyumlu oldugu belirlenmistir.

(¢}

0
NH,NH,.H,0 R _N EtOH
cl _ NHNH, + r\)—CHO —
HN_/
THF

"o P
V

@)lNN\ N

H

R: -H, 4-Cl, 4-OCHj, 3,4-diCl, 3,4-OCH,

Sekil 1. 2a-2e kodlu bilesiklerin sentez semasi

Sentezlenen bilesikler, AChE oOnleyici aktiviteleri degerlendirilmistir. Donepezil
referans bilesik olarak kullanilmistir. % Inhibisyon degerleri olarak ifade edilen
sonuglar Tablo 1'de 6zetlenmistir.

Sentezlenen bilesiklerin AChE enzimi iizerindeki inhibisyon potansiyelleri, modifiye
Ellman metodu ile arastirildi. Inhibisyon ¢alismalarinda, test bilesikleri ve referans ilag
Donepezil hidrokloriir, 107 M ve 10* M konsantrasyonlarinda test edildi. Tablo 1
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incelendiginde, bilesik 2b’nin % 77 inhibisyon seviyesine sahip umut verici bir aktivite
profiline sahip oldugu goriilmektedir. Ancak, 10* M konsantrasyondaki inhibisyon
degerine bakildiginda 2b kodlu bilesigin etkinliginin diistigi goriillmektedir.

Bu calismada sentezlenen tiirevler benzen halkasi lizerinden tiirevlendirilmistir. 4.
konumda klor ve metoksi siibstitlienti tasiyan tiirevler ve 3. ve 4. konumlarda yine ayni
stibstitlienti tasiyan tiirevler sentezlenerek bilesiklerin asetilkolinesteraz enzimine karst
inhibe edici potansiyelleri karsilastirilmistir. Benzen halkasi iizerinde 4. konumda klor
stibstitiientinin bulunmas1 aktiviteyi arttirdigr gortiilmektedir. ~ Aktivite sonuclari
incelendiginde 3. ve 4. konumda ayn1 anda klor substitiientinin bulunmasinin aktiviteyi
disiirdiigii goriilmektedir.

Tablo 1. 2a-2e bilesiklerinin ve donepezilin AChE'ye kars1 % inhibisyon degerleri

Bilesik % Enzim
inhibisyonu
1073 104
2a 27,47 18,43
2b 77,07 32,35
2c 20,50 8,35
2d 17,19 13,72
2e 16,59 6,39

Donepezil 97,45 92,89
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Abstract

Mosquitoes are temporary external parasites that suck blood and which can be disease
carriers for humans and many animals in nature. In this study, the material obtained as
a result of field studies carried out in Adapazart and Sogiitlii districts of Sakarya
province and Izmit district of Kocaeli province between February 2018 and August
2018 were evaluated. 9 mosquito species were identified from Sakarya province. Five of
these species [Anopheles plumbeus Stephens, 1828, Aedes geniculatus (Olivier, 1791),
Ae. rusticus (Rossi, 1790), Ae. vexans (Meigen, 1830), Culiseta longiareolata
(Macquart, 1838)] are new species for mosquito fauna in Sakarya province. The
invasive species Ae. albopictus (Skuse, 1894) has been recorded for the first time from
Kocaeli province and this record is the first record for Culicidae family in Kocaeli.

Keywords: Mosquito, fauna, Sakarya, Kocaeli, Aedes albopictus.

Sakarya ili sivrisinek (Diptera: Culicidae) faunasina katkilar ve

ilk kayd:

Oz

Sivrisinekler, insan ve dogadaki bir¢ok hayvan igin hastalik tasiyicisi olabilen, kan
emen, gegici dis parazitlerdir. Bu ¢alismada, Sakarya ili Adapazar: ve Sogiitlii ilgeleri
ile Kocaeli ili Izmit ilgesinde, Subat 2018-Agustos 2018 tarihleri arasinda
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gerceklestirilen arazi ¢alismalar: sonucu elde edilen materyal degerlendirilmistir.
Sakarya ilinden 9 sivrisinek tiirii saptanmistiv. Bu tiirlerden bes tanesi [Anopheles
plumbeus Stephens, 1828, Aedes geniculatus (Olivier, 1791), Ae. rusticus (Rossi, 1790),
Ae. vexans (Meigen, 1830), Culiseta longiareolata (Macquart, 1838)] Sakarya
sivrisinek faunast icin yeni tiirlerdir. Kocaeli’den ise invazif sivrisinek Ae. albopictus
(Skuse, 1894), ilk kez kayit edilmis olup, bu kayit Kocaeli Culicidae familyasi icin ilk
kayit niteligindedir.

Anahtar kelimeler: Sivrisinek, fauna, Sakarya, Kocaeli, Aedes albopictus.

1. Introduction

Mosquitoes placed in the Culicidae family constitute the most important medical
arthropod group and more than 3500 species have been identified so far [1]. Mosquitoes
are common throughout the world, but species diversity and/or density varies from
region to region, and moist tropical/subtropical regions contain % of all species [2]. In
addition, tropical species are known to expand their distributional ranges day by day.
Among these species, Aedes albopictus (Skuse, 1894), Ae. aegypti (Linnaeus, 1762),
Ae. japonicus japonicus (Theobald, 1901) and Ae. koreicus (Edwards, 1917) have
recently been identified as important invasive species in Europe [3]. One of these
species, Ae. albopictus, although originated from Southeast Asia, spread to America in
the 17" century and almost all over the world especially in the last 30-40 years [3,4].
Ae. albopictus is known to be the most dangerous of invasive mosquito species because
it has the potential to transmit at least 32 disease agents, including dengue virus and
chikungunya virus [3-5]. In Europe, special measures are being taken to fight against
such vector species which are rather important for human health.

The number of mosquito species recorded in Turkey is 61 [6-8], but it was pointed out
in the faunal studies that different species are likely to be present and/or settled in
Turkey as well. This conclusion shows us that Culicidae fauna of Turkey is not fully
known and that the number of Culicidae species in the country will most probably
increase with further detailed faunal studies.

Marmara region, which is a geographical bridge between Europe and Asia, contains %
of Turkey’s population and the majority of the trade dynamics in Turkey takes place in
this area. These features make the region privileged for invasive mosquito species to
invade and spread. Culicidae fauna is already represented by 29 species belonging to 6
genera [8-20]. Our knowledge about the fauna of Culicidae in Sakarya and Kocaeli
provinces, which are important pillars of trade after Istanbul and also the transmission
line between Asia and Europe, is quite insufficient. The only available data for
Culicidae in Sakarya comes from a recent dissertation thesis which reported 9 species
for the province [8]. On the other hand, no studies have been conducted so far on
Kocaeli Culicidae fauna.

In this study, it was aimed to contribute to the local and Turkey’s mosquito fauna by

collecting samples belonging to the family Culicidae, which are quite important for the
public health, at different times from Sakarya and Kocaeli provinces.
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2. Material and methods

2.1. The study area and the sampling method

Larval, pupal and adult stages of the mosquitos were sampled in various habitats in two
localities in Adapazar1 and Sogiitlii districts of Sakarya province and in a local area in
Izmit district of Kocaeli province. The sampling area in izmit, which was neighboring
to the Sakarya province sampling areas, was included in the study considering the
mosquito complaints of local residents. The sampling in Sakarya province was
performed from February to August 2018 whereas sampling in Kocaeli province was
only in August 2018 during the complaints (Figure 1). Details of the sampled habitats
are given in results section for each identified taxon.

Black Sea

ISTANBUL

& Bosphorus

Figure 1. The localities (shown as pink placemarks) where mosquito samples were
collected. The red line corresponds to provincial borders of Kocaeli and Sakarya
provinces and the yellow line corresponds to district borders (F: Findikli village, K:
Korucuk neighborhood, C: Cedit neighborhood) (modified from
http://www.multimap.com/maps).

The adults of diurnal and crepuscular mosquito species were collected from the exposed
limbs and other parts of voluntary people's bodies by human-landing catches (HLC)
method using a manual aspirator. During sampling by HLC method, the open parts of
the body were covered with net covers in order to protect against possible bites [2, 21,
22]. The captured adults were transferred to 500 mL plastic bottles inorder to bring
them to the laboratory. The bottles were stored at -20°C until species identifications.

Larval and pupal stages were sampled from aquatic potential mosquito bearing habitats
with a pastor pipette. The larvae were brought to the laboratory in 1200 mL plastic
containers with a certain amount of the original habitat water and placed in plastic
larvae breeding containers (floor dimensions: 18%25 cm; height: 15 cm; ceiling
dimensions: 20%29 c¢m). Habitat water was added in each container until the water
levels in the containers were 7 cm. The ceiling of the containers was covered with a
tulle and an incision was made in the middle part of the tulle which was closed with a
cotton plug. The larvae were given enough time to complete their metamorphosis in
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laboratory containers and the emerging adults were collected from the containers by a
manual aspirator and transferred to 500 mL plastic bottles. The bottles were stored at -
20°C until species identifications.

2.2. Identifications of the mosquitoes

Identifications of collected material were made under a stereo microscope (Olympus
SZ51) based on the body morphologies of both females and males by using the related
references on species identification [2, 23].

3. Results

A total of 477 individuals (4439, 343) were sampled during the study. A total of 10
species [Anopheles claviger (Meigen, 1804), An. maculipennis s.l. (except An.
sacharovi) Meigen, 1818, An. plumbeus Stephens, 1828, Ae. albopictus (Skuse, 1894),
Ae. caspius (Pallas, 1771), Ae. geniculatus (Olivier, 1791), Ae. rusticus (Rossi, 1790),
Ae. vexans (Meigen, 1830), Culex pipiens s.l. Linnaeus, 1758, Culiseta longiareolata
(Macquart, 1838)] within 4 genera belonging to 2 subfamilies were determined.

TAXONOMY

Family: CULICIDAE Stephens, 1829

Subfamily: ANOPHELINAE Lutz, 1904

Genus: Anopheles Meigen, 1818

Species: Anopheles claviger (Meigen, 1804)

Material: Sakarya-Adapazari-Korucuk: N40°50'56.49", E30°17'33.35", (60 m asl.),
02.06.2018, 79, 23, leg: Z. SAKACI, det: Z. SAKACL

Distribution in Turkey: Adana [8,18,24-26], Ankara [27], Antalya [28], Sanlurfa [29-
31], Istanbul [10], Kurklareli [12], Ankara, Artvin, Aydin, Bursa, Edirne, Erzincan,
Igdir, Kars, Kayseri, Kirklareli, Malatya, Sakarya, Samsun, Sinop [8], Tekirdag [15],
Mugla, Osmaniye, Edirne, Kirklareli, Tekirdag [18], Zonguldak [33].

Geographical distribution: West, East and South of Western Palaearctic [33].
Sampling habitat: The species was sampled as larval and pupal stages in an artificial
water container.

Vectorial importance: Malaria [9], Tularemia [34], Tahyna virus [35], Setaria
labiatopapillosa [36].

Species: Anopheles maculipennis s.l. (except An. sacharovi) Meigen, 1818

Material: Sakarya-Sogiitli-Findikli: N40°56'16.13", E30°25'46.73", (60 m asl.),
12.08.2018, 219, leg: Z. SAKACI, det: Z. SAKACIL.

Distribution in Turkey: Istanbul [10], Adana, Burdur, Cankiri, Edirne, Igdir,
Kirklareli, Konya, Mersin, Mugla, Samsun [11], Ankara, Artvin, Aydin, Bursa, Cankiri,
Edirne, Erzincan, Eskisehir, 1gdir, Kars, Kayseri, Kirklareli, Manisa, Mardin Sakarya,
Samsun, Sinop, Sivas, Tokat, Yozgat [8], Van [37], Tekirdag [8, 15, 18], Adana,
Edirne, Hatay, Kirklareli, Mugla, Osmaniye [18], Edirne [19], Bartin, Bolu, Diizce,
Kastamonu, Zonguldak [32].

Geographical distribution: West, East and South of Western Palaearctic [33].
Sampling habitat: The species was sampled as adult stage in a cow barn.

Vectorial importance: Malaria [22].

Species: Anopheles plumbeus Stephens, 1828
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Material: Sakarya-Adapazari-Korucuk: N40°51'37.73", E30°17'43.15", (164 m asl.),
15.04.2018, 329: N40°51'34.22", E30°17'45.72", (151 m asl.), 22.06.2018, 45%:
N40°50'54.41", E30°17'30.57", (61 m asl), 22.08.2018, 49: N40°51'46.36"K,
E30°17'27.19", (196 m asl.), 22.08.2018, 429, leg: Z. SAKACI, det: Z. SAKACI.
Distribution in Turkey: Antalya, Balikesir, Mugla, Siirt [9], Artvin, Samsun, Sinop
[8], Bolu [18,32], Edirne, Kirklareli, Bolu [18].

Geographical distribution: West, East and South of Western Palaearctic [33].
Sampling habitats: The species was sampled as adult stage in a Carpinus sp. forest and
a picnic area.

Vectorial importance: Malaria [38-40].

Subfamily: CULICINAE Lutz, 1904

Genus: Aedes Meigen, 1818

Species: Aedes albopictus (Skuse, 1985)

Material: Kocaeli-Izmit-Cedit: N40°46'43.45", E29°56'23.05", (182 m asl.),
22.08.2018, 129, leg: Z. SAKACI, det: Z. SAKACIL.

Distribution in Turkey: The Black Sea coast of Thrace Region [41], Kirklareli [17],
Artvin, Giresun, Rize, Trabzon [42], Artvin, Kirklareli, Rize, Trabzon [43].
Geographical distribution: West, East and South of Western Palaearctic [33].
Sampling habitat: The species was sampled as adult stage in a housing estate garden.
Vectorial importance: Dengue virus and numerous arboviruses [44-46].

Details: Adult females have been sampled when sucking blood from people in the
garden within the housing estate (Figure 2). Residents declared that there was a mass
attack and they could not sit on the balconies of their houses.

Figure 2. Ae. albopictus sucking blood from human (Kocaeli: Cedit housing estate)

Species: Aedes caspius (Pallas, 1771)

Material: Sakarya-Sogiitlii-Findikli: N40°56'12.88", E30°25'55.55", (44 m asl.),
12.08.2018, 539Q; Sakarya-Adapazari-Korucuk: N40°51'46.36", E30°17'27.19", (196 m
asl.), 22.08.2018, 829, leg: Z. SAKACI, det: Z. SAKACI.

Distribution in Turkey: Istanbul [10], Artvin, Aydm, Cankiri, Edirne, Erzincan,
Eskisehir, Igdir, Kars, Kirklareli, Mugla, Sakarya, Samsun, Sinop, Tekirdag, Tokat [8],
Van [37], Adana, Canakkale, Cankiri, Edirne, Hatay, Izmir, Kirklareli, Mugla,
Tekirdag, Osmaniye [18].

Geographical distribution: West, East and South of Western Palaearctic [33].
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Sampling habitats: The species was sampled as adult stage in a Carpinus sp. forest, a
picnic area (in Korucuk), and a house garden (in Findikl1).
Vectorial importance: West Nile virus, Francisella tularensis, Tahyna virus [47].

Species: Aedes geniculatus (Olivier, 1791)

Material: Sakarya-Adapazari-Korucuk: N40°50'54.41", E30°17'30.57", (61 m asl.),
02.06.2018, 269, leg: Z. SAKACI, det: Z. SAKACL

Distribution in Turkey: Antalya [28], Bursa, Edirne, Rize, Samsun [8], Kirklareli
[8,18].

Geographical distribution: West, East and South of Western Palaearctic [33].
Sampling habitat: The species was sampled as adult stage in a Carpinus sp. forest.
Vectorial importance: -

Species: Aedes rusticus (Rossi, 1790)

Material: Sakarya-Adapazari-Korucuk: N40°51'37.73"K, E30°17'43.15"D, (165 m
asl.), 22.04.2018, 29, leg: Z. SAKACI, det: Z. SAKACIL

Distribution in Turkey: Kirklareli, Tekirdag [8], Edirne, Kirklareli [18], Edirne [19].
Geographical distribution: West, East and South of Western Palaearctic [33].
Sampling habitat: The species was sampled as adult stage in a Carpinus sp. forest.
Vectorial importance: -.

Species: Aedes vexans (Meigen, 1830)

Material: Sakarya-Adapazari-Korucuk, N40°50'54.41", E30°17'30.57", (61 m asl.),
02.06.2018, 339, leg: Z. SAKACI, det: Z. SAKACIL.

Distribution in Turkey: Istanbul [10], Edirne, Kirklareli [18], Edirne [19], Bartin,
Bolu, Diizce, Kastamonu, Zonguldak [32].

Geographical distribution: West, East and South of Western Palaearctic [33].
Sampling habitat: The species was sampled as adult stage in a Carpinus sp. forest.
Vectorial importance: Tahyna virus [48].

Genus: Culex Linnaeus, 1758

Species Culex pipiens s.l. Linnaeus, 1758

Material: Sakarya-Adapazari-Korucuk: N40°51'46.98", E30°17'31.63", (200 m asl.),
14.05.2018, 839, 323'; Sakarya-Sogiitlii-Findikli: N40°56'16.13", E30°25'46.73", (60 m
asl.), 12.08.2018, 79, leg: Z. SAKACI, det: Z. SAKACIL.

Distribution in Turkey: Adana [49-51], Mersin [51], Ankara [25,26], Istanbul [10],
Antalya [28, 52, 53], Manisa [54], Mersin [55,56], Mugla [57], Sanlurfa [29], Adana,
Ankara, Artvin, Aydin, Bursa, Canakkale, Cankiri, Edirne, Erzincan, Eskisehir, Hatay,
Igdir, Istanbul, Kars, Kayseri, Kirklareli, Malatya, Manisa, Mardin, Mersin, Mugla,
Rize, Sakarya, Samsun, Sivas, Tekirdag, Tokat, Sanlurfa [8], Van [37], Adana, Aydin,
Balikesir, Canakkale, Edirne, Hatay, Izmir, Kahramanmaras, Kirklareli, Mugla,
Osmaniye, Tekirdag [18], Bartin, Bolu, Diizce, Karabiik, Kastamonu, Zonguldak [32],
Edirne [19], Aydin, Balikesir, Canakkale, Denizli, izmir, Mugla [20].

Geographical distribution: West, East and South of Western Palaearctic [33].
Sampling habitat: The species was sampled as adult stage in a chicken coop (in
Findikl1) and as larval and pupal stages in a pond (in Korucuk).

Vectorial importance: Wuchereria bancrofti, Brugia malayi, Drofilaria immitis, Avian
malaria, Western equine encephalitis virus, St. Louis encephalitis virus [23], Ockelbo
virus [48], West Nile virus [58].
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Genus Culiseta Felt, 1904

Species Culiseta longiareolata (Macquart, 1838)

Material: Sakarya-Adapazari-Korucuk: N40°51'30.77", E30°17'32.27", (165 m asl.),
24.02.2018, 19, leg: Z. SAKACI, det: Z. SAKACI.

Distribution in Turkey: Adana [49-51], Antalya [28, 55], Sanlwurfa [29], Ankara [26],
Istanbul [10], Manisa [54], Adana, Artvin, Aydmn, Bursa, Canakkale, Erzincan,
Eskisehir, Igdir, Kars, Kayseri, Manisa, Mardin, Mersin, Mugla, Sivas [8], Van [37],
Tekirdag [15], Aydin, Canakkale, Hatay, izmir, Kirklareli, Mugla, Tekirdag [18], Bolu,
Diizce, Kastamonu, Zonguldak [32], Edirne [19].

Geographical distribution: West, East and South of Western Palaearctic [33].
Sampling habitat: The species was sampled as adult stage in a indoor environment.
Vectorial importance: -.

4. Discussion

The results of the present field studies showed that 5 of 9 species [An. plumbeus, Ae.
geniculatus, Ae. rusticus, Ae. vexans, Cs. longiareolata] determined in Adapazar1 and
Stugiitli are the first records for Sakarya province Culicidae fauna.

Sakarya Culicidae family is represented by 14 species with the addition of the 5 new
species. In addition, the record of Ae. albopictus in Kocaeli is also the first for Kocaeli
Culicidae fauna.

In addition to the faunal contribution of the present results, another striking result is that
Ae. albopictus was identified for the first time in western Anatolia and in Kocaeli
province. The modeling study carried out according to climatic parameters, all coastline
of Black Sea in Turkey was shown as an ideal residential area for Ae. albopictus [59].
The available distribution range of Ae. albopictus in Turkey covers Black Sea coastline
in Thrace region, Kirklareli, Giresun, Trabzon, Rize and Artvin provinces [42]. The
present record of Ae. albopictus in Izmit is thus of paramount importance since it filled,
at least in part, the large gap between the Thrace region and the Anatolian region
distributions. The determination of Ae. albopictus in Kocaeli is also compatible with the
model that has indicated that this species can be seen along the Black Sea coastline [59].
Furthermore, the species can be expected to be recorded along the Black Sea coast in
the northern part of Turkey in future studies. Although studies on mosquitos have been
conducted in recent years in the southern regions of Turkey, the absence of Ae.
albopictus here is an interesting result for the species originating from Southeast Asia.

Aedes rusticus is a species known only from Edirne, Kirklareli and Tekirdag provinces
in Turkey. The present record of the species in Sakarya is also the first record in
Anatolia and extended the distribution of the species to the east.

Anopheles plumbeus has been reported so far from Edirne, Kirklareli, Bolu, Sinop,
Samsun, Artvin [8, 18, 32] and Ae. geniculatus has been reported from Edirne,
Kirklareli, Bursa, Samsun and Rize [8, 18], showing scattered distribution patterns for
both species. The present records of these species from Sakarya are important records in
terms of filling a gap in this scattered distribution of the species.
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Among the species identified in the study, Ae. albopictus is much more important than
the other species on the vectorial scale, because it has been reported that Ae. albopictus
has the potential to transmit at least 32 viruses. However, its role in nature has not been
fully elucidated. DENV (Dengue virus), CHIKV (Chikungunya virus), WNV (West
Nile virus), ZIKV (Zika virus), YFV (Yellow Fever virus), JEV (Japanese encephalitis
virus), EEEV (Eastern equine encephalitis virus), VEEV (Venezuelan equine
encephalitis virus), WEEV (Western equine encephalitis virus), SLEV (St. Louis
encephalitis virus), Ross River virus, SINV (Sindbis virus), Mayaro virus, Getah virus,
Potosi virus, Cache Valley virus, Tensaw virus, Keystone virus, San Angelo virus,
LACYV (La Crosse encephalitis virus), Trivittatus virus, Oropouche virus, RVFV (Rift
Valley fever virus), Orungo virus ve Nodamura virus are the most important disease
agents that can be transferred by this species [44-46]. Ae. albopictus is also able to
vector the helminthic parasites of Dirofilaria immitis (Leidy, 1856), Railliet & Henry,
1911 and Setaria labiatopapillosa (Alessandrini, 1838) in humans and dogs [60]. The
distribution of Ae. albopictus, which acts as vectors for such various disease factors also
in Turkey, should be clearly revealed as soon as possible and control measures for this
mosquito should be urgently taken in terms of public health.

The fact that Turkey has been under intense pressure in terms of illegal immigrants in
recent years and the possibility that these illegal immigrants will carry many different
disease factors to the country requires urgent listing of the country's Culicidae fauna. In
addition, this situation increases the importance and urgency of the struggle against the
species which act as vectors for many diseases.
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Abstract

The aim of this study was to determine the in vitro antibiotic susceptibilities of various
bacteria isolated from contact lens storage cases of asymptomatic wearers. For this
purpose, twenty-two bacteria isolates were subjected to in vitro antibiotic susceptibility
using Kirby-Bauer disc diffusion method. Four ATCC strains of different genus of
bacteria were used as control. The results obtained from the current study showed that
gentamicin was the most effective antibiotic against all bacteria tested. In addition, all
bacteria tested in this study were resistant to ampicillin, methicillin, penicillin G and
vancomycin. According to the results continuous monitoring of antibiotic
susceptibilities of bacteria isolated from contact lens storage cases of asymptomatic
wearers are needed.

Keywords: Antibiotic susceptibility, bacterial contamination, contact lens storage cases.

Asemptomatik kullanicilarin kontakt lens saklama kaplarindan
1zole edilen Gram negatif bakterilerin antibiyotik duyarliliklar

Oz

Bu ¢alismanin amaci, asemptomatik kullanicilarin kontakt lens saklama kaplarindan
izole edilen cesitli bakterilerin in vitro antibiyotik duyarliliklarini belirlemektir. Bu
amagla yirmi iki bakteri izolatimin, Kirby-Bauer disk difiizyon yontemi kullanilarak in
vitro antibiyotik duyarhiliklar: arastirimistir. Kontrol olarak farkl cinslere ait dort
ATCC bakteri susu kullanilmistir. Bu calismadan elde edilen sonuclar, test edilen tiim
bakterilere karsi gentamisinin en etkili antibiyotik oldugunu gostermistir. Ek olarak, bu
calismada test edilen tiim bakterilerin ampisilin, metisilin, penisilin G ve vankomisine
karst direngli olduklar: tespit edilmistir. Bu sonucglara goére asemptomatik
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kullamicilarin kontakt lens saklama kaplarindan izole edilen bakterilerin antibiyotik
duyarliliklarinin siirekli izlenmesi gerektigi sonucununa varilmistir.

Anahtar kelimeler: Antibiyotik duyarliligi, bakteriyel kontaminasyon, kontakt lens
saklama kaplari.

1. Introduction

Since 125 million people around the world wear contact lenses, it is important to
minimize risk factors, especially corneal disorders [1]. Bacterial keratitis is one of the
most common infections due to the use of contact lenses in the world. In a study carried
in 2008 in Elazig, contact lens wear was reported as the risk factor of 3.1% of the
bacterial keratitis infections [2]. On the other hand, in Sivas, of the 500 patients
admitted to the hospital due to various complaints in 2012 September-November, 133
(26.6%) were diagnosed as contact lens-related infection [3]. This situation shows that
the rate of contact lens-related ocular infections was multiplied by 8.58 in 4 years.
Therefore, contact lens wear may be considered as an important risk factor for eye
infections in Turkey. In addition, the fact the patients in Sivas were at 18-30 age, the
use of contact lenses in Turkey shows how much popular among the young population

[3].

Misuse of contact lenses and inappropriate hygiene practices are the main risk factors of
such eye infections among contact lens wearers. Inadequate or improper disinfection
during contact lens wear may result in the contamination of contact lens storage cases.
On the other hand, bacterial contamination has been reported in previous studies, even
in the storage cases of asymptomatic contact lens wearers having no eye disease.
However, the contaminant bacteria have the potential to cause infection in contact lens
wearers [4-7]. The microorganism spectrum of bacterial keratitis varies according to
geographical and seasonal characteristics. In addition, keratitis profile differs between
the people inhabiting in rural or urban areas, western and developing countries [8].
Pseudomonas aeruginosa is the common causative agent identified in most cases in
bacterial keratitis associated with contact lens wear [9]. However, Serratia marcescens
was isolated as common as Pseudomonas aeruginosa in keratitis associated with contact
lens wear in a study conducted in Florida [10].

Failure to initiate prompt and appropriate treatment may cause blindness [11]. The most
appropriate way in the selection of antibiotics for the treatment of the disease is the
identification of the causative bacteria. However, treatment with broad-spectrum
antibiotics can be initiated often for the treatment of bacterial keratitis before the
identification of the pathogen and performing antibiotic susceptibility tests [12]. This
situation may cause bacteria to develop resistance against the antibiotics used [13, 14].
Therefore, susceptibility testing should be performed periodically to determine the
resistance trends as suggested by many researchers [15, 16]. In the current study, in
vitro antibiotic susceptibilities of various Gram-negative bacteria previously isolated
from contact lens storage cases of asymptomatic wearers [17] were determined.
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2. Materials and methods

In our previous study [17], contact lens storage case samples were collected from
contact lens wearers’ and screened for the presence of Gram-negative rod bacteria.
Briefly, the sediment obtained from the contact lens storage case content was inoculated
onto MacConkey agar and cetrimide-fucidin-cephalosporin supplemented Pseudomonas
agar base plates for the isolation of both lactose fermenting and nonlactose fermenting
Gram-negative bacilli, and Pseudomonas bacteria, respectively. All isolated strains were
then identified using API 20E and API 20NE systems. Up to date, these strains were
stored at —86 °C in a freezing medium.

In the present study, twenty-two of the previously isolated bacteria strains belonging to
Alcaligenes, Burkholderia, Klebsiella, Ochrobactrum, Pseudomonas and Serratia
genera were subjected to in vitro antibiotic susceptibility testing using Kirby-Bauer disc
diffusion method [18]. For this purpose, frozen stocks of bacteria were re-grown again
on Mueller-Hinton agar plates at 37°C. After 24 h, all isolates were cloned by
successive sub-culturing, and passaged in 5 mL Mueller-Hinton broth for a re-growth at
37°C for 24h. Then, the bacterial suspensions were adjusted to McFarland 0.5 standard
and aliquots (100 puL) were spread onto Mueller—Hinton agar (pH 7.2-7.4) plates in
duplicate, and then, the standard antibiotic discs (Oxoid) were placed onto the plates
and incubated at 37°C for 24 h. The list of the standard antibiotic discs is given in
Table 1. Escherichia coli ATCC 8739, Serratia marcescens ATCC 13880,
Staphylococcus aureus ATCC 6538, and Pseudomonas aeruginosa ATCC 9027 were
used as control organisms. In addition, discs containing 0.9% NaCl were used as
negative control. After incubation, the inhibition zone diameter around each disc was
measured using a ruler, and isolates were classified as susceptible or resistant according
to Clinical and Laboratory Standards Institute (CLSI) performance standards [19].

Table 1. Antibiotic discs used during this study.

Name of antibiotic Amount of antibiotic per disc
Ampicillin 10 png
Cefotaxime 30 pug
Ceftriaxone 30 nug
Erythromycin 15 ng
Gentamicin 10 png
Methicillin 10 g
Penicillin G 10 units
Polymyxin B 300 units
Streptomycin 10 pg
Vancomycin 30 ug

3. Results and discussion

The zone diameters of the bacteria growth found by Kirby-Bauer disc diffusion method
using ampicillin, cefotaxime, ceftriaxone, erythromycin, gentamicin, methicillin,
penicillin G, polymyxin B, streptomycin, vancomycin antibiotic discs were evaluated
according to CLSI performance standards and the susceptibilities of each antibiotic
(Table 2) were determined. Control results were recorded successfully.
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Table 2. Antibiotic susceptibilities of the bacteria isolates.

Bacteria (n) Antibiotic Susceptibilities (%)

Amp Cn Cro Ctx E Met P PB S Va
Alcaligenes 0/4 1/4 0/3*  0/4 0/4 0/4 0/4 0/4 0/4 0/4
xylosoxidans (4)  (0) (25 (0 0) 0 0) 0) ) 0) 0)
Burkholderia 0/5 0/5 0/5 1/5 1/5 0/5 0/5 0/5 0/5 0/5
cepacia (5) 0) 0 0) (25 (25 (0 0) 0) (0) (0)
Klebsiella 0/1 1/1 1/1 0/1 0/1 0/1 0/1 0/1 0/1 0/1

ornithinolytica (1) (0)  (100) (100) (0)  (0)  (0)  (0) (00 (0  (0)

Klebsiella oxytoca  0/1 11 0/1 0/1 0/1 0/1 0/1 0/1 0/1 0/1

1) 0) (100) (0) (0) ©) 0) 0) (0) 0) 0)
Klebsiella 0/1 1/1 1/1 0/1 0/1 0/1 0/1 0/1 0/1 0/1
pneumoniae (1) (0) (100) (100) (0) 0) (0) (0) (0) (0) (0)
Ochrobactrum 0/2 2/2 0/2 0/2 1/2 0/2 0/2 0/2 0/2 0/2
anthropi (2) (0) (100) (0) (0) 500 (O (0) 0) (0) (0)
Pseudomonas 0/1 0/1 0/1 0/1 0/1 0/1 0/1 1/1 0/1 0/1
aeruginosa (1) 0) ©) (0) (0) ©0) 0) 0) (100) (0) (0)
Pseudomonas 0/1 1/1 0/1 0/1 0/1 0/1 0/1 0/1 0/1 0/1
Sluorescens (1) 0) (100) (0) 0) ©) 0) (0) (0) 0) 0)
Serratia 0/2 1/2 12 12 0/2 0/2 0/2 0/2 1/2 0/2
liquefaciens (2) (0) (50) (50) (50) (0) (0) (0) (0) (50) (0)
Serratia 0/4 4/4 1/4 2/4 0/4 0/4 0/4 0/4 1/4 0/4

marcescens (4) )  (100) (25) (50) (0) (0) (0) (0) (25 (0)
Total
Susceptibility 0/22 12/22 4721 4/22  2/22 022 022 122 222 0/22
Susceptibility (%) 0 54.55 19.05 18.18 9.09 0 0 455 9.09 0
n: number of the isolates; Amp: Ampicillin; Cn: Gentamicin; Cro: Ceftriaxone; Ctx:
Cefotaxime; E: Erythromycin; Met: Methicillin; P: Penicillin G; PB: Polymyxin B; S:
Streptomycin; Va: Vancomycin; *one isolate of Alcaligenes xylosoxidans was not tested
due to technical reasons.

The results showed that gentamicin was the most effective antibiotic against all bacteria
tested. In addition, all bacteria tested in the study were resistant to ampicillin,
methicillin, penicillin G and vancomycin (Table 2).

According to the susceptibility results, one strain (25%) of Alcaligenes xylosoxidans
was sensitive to gentamicin. While one strain (25%) of Burkholderia cepacia was
sensitive to cefotaxime, other one (25%) was sensitive to erythromycin. All (100%)
strains belonging to Klebsiella genus were sensitive to gentamicin, and Klebsiella
ornithinolytica and Klebsiella pneumoniae strains were also sensitive to ceftriaxone.
While two strains (100%) of Ochrobactrum anthropi were sensitive to gentamicin, one
strain (50%) was also sensitive to erythromycin. One (100%) Pseudomonas aeruginosa
strain was sensitive to polymyxin B, on the other hand one (100%) Pseudomonas
fluorescens strain was sensitive to gentamicin. One (50%) strain of Serratia
liquefaciens was sensitive to gentamicin, cefotaxime, ceftriaxone and streptomycin. All
strains (100%) of Serratia marcescens were sensitive to gentamicin, one (25%) was
sensitive to ceftriaxone, two (25%) were sensitive to cefotaxime and, one (25%) was
sensitive to streptomycin (Table 2).

The choice of antibiotics for the treatment of infections caused by bacteria is very
important. For this reason, in order to determine the most appropriate treatment
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method, it is necessary first to identify the bacterium that is the causative agent of the
infection and then to determine the susceptibilities of the antibiotic of this bacterium.
Since the antibiotic susceptibilities of bacteria may vary, antibiotic susceptibility testing
has been a trend subject that has been investigated by researchers continuously from the
past to the present [20]. For these reasons, in the current study in vitro antibiotic
susceptibilities of various Gram-negative bacteria previously isolated from contact lens
storage cases of asymptomatic wearers [17] were investigated by Kirby-Bauer disc
diffusion method.

The current antimicrobial susceptibility testing methods are manual methods that
include disc diffusion and gradient diffusion methods, and broth microdilution or rapid
automated instrument methods that use commercially marketed materials and
equipments. The advantages of disc diffusion method include simplicity requiring no
special equipment, providing categorical results that are easily interpreted by all
researchers, and flexibility in selecting discs for testing. In addition, this well
standardized method is the lowest cost test among all current sensitivity tests. On the
other hand, this method is not suitable for testing most of the fastidious or slow-growing
bacteria. Other disadvantages of the disc diffusion method include the lack of
automation, risk for contamination, and that is a time-consuming method [21, 22].

According to the obtained results from this study, Pseudomonas aeruginosa, the most
common bacteria isolated from the keratitis infections, was resistant against all
antibiotics excluding polymyxin B. However, it was reported in a study [23] that all
Pseudomonas aeruginosa strains isolated from patients diagnosed with bacterial
conjunctivitis were susceptible to gentamicin. Al-Zahrani [24] isolated Pseudomonas
aeruginosa strains from lenses and eyes of contact lens and non-contact lens wearers
and reported that 4.17% were resistant and 4.17% were sensitive to cefotaxime, 20.83%
and 12.5% of strains were resistant and sensitive to ceftriaxone, respectively, and all
were sensitive to gentamicin. The Pseudomonas aeruginosa strain tested in this study
was resistant to gentamicin, unlike these reported studies. Similar to this study,
Hedayati et al. [25] reported that all Pseudomonas aeruginosa strains isolated from
corneal ulcers in patients with microbial keratitis were resistant to penicillin and
gentamycin. When the results of these studies are compared with the current studys, it is
seen that Pseudomonas aeruginosa strains show different sensitivity to the same
antibiotic. Thus, monitoring the antibiotic resistance patterns esp. for Pseudomonas
aeruginosa strains 1is essential. In addition, in the light of these studies, the
Pseudomonas aeruginosa strain tested in this study may be considered as an
opportunistic pathogen that may lead to eye infections.

The strains of Serratia marcescens tested in our study, other common bacteria isolated
from the keratitis infections, showed different sensitivities to the antibiotics. While all
strains were sensitive to gentamicin, one (25%) was sensitive to ceftriaxone, two (25%)
were sensitive to cefotaxime and, one (25%) was sensitive to streptomycin. Similar to
this study, Yoon et al. [26] reported that all Serratia marcescens strains isolated from
bacterial keratitis cases were susceptible to gentamicin and cefotaxime. According to
these results, it may be suggested that the susceptibilities of Serratia marcescens strains
to the same antibiotic do not vary much.

Although the most effective antibiotic in this study was found as gentamicin, it was
noteworthy that the percentage of sensitivity was around 50%. In addition, all bacteria
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were resistant to 4 of the 10 antibiotics tested, including ampicillin, methicillin,
penicillin G, and vancomycin. This may be related to the fact that these bacteria were
isolated from contact lens storage cases, a suitable environment for many bacteria to
form biofilm. It was demonstrated by using microscopy techniques that bacteria entered
in contact lens storage cases are found in biofilm instead of being planktonic [27]. And,
it is well known that biofilm-associated bacteria are more resistant to antibiotics and
biocides. Szczotka-Flynn et al. [28] reported that Pseudomonas aeruginosa, Serratia
marcescens, and Staphlylococcus aureus formed biofilms on contact lenses, and
biofilm-associated bacteria were more resistant than planktonic cells to several soft
contact lens care products.

4. Conclusion

The findings of this study re-emphasized the importance of continuous monitoring of
the antibiotic resistance testing among the bacteria that are the potentially causative
agents of bacterial keratitis in contact lens wearers. In the current study, gentamicin was
found to be the most effective antibiotic against all bacteria tested. On the other hand,
all the bacteria tested in this study were resistant to ampicillin, methicillin, penicillin G
and vancomycin.
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Abstract

In this study, we investigated light curve analysis of contact binary system NO Vul. Also,
we investigated orbital period variations of contact binaries NO Vul based on all
published minima times and also those obtained from our own observations. Photometric
observations are obtained from the ASAS public archive. Physical parameters of the
system are derived using the modeling code by Wilson and Dewinney’s (WD).
Photometric results indicate that NO Vul is g = 0.72(2) and about f =%19 respectively
and the derived orbital inclination i =77(1).

Keywords: Contact binary stars, light curve anaysis, orbital period analysis, NO Vul.
Degen cift NO Vul’un 151k egrisi ve yoriinge donem analizi

Oz

Bu ¢alismada, NO Vul degen sistemin 151k egrisi analizi yapilmistir. Bununla birlikte NO
Vul degen sisteminin yoriinge donem degisimi, literatiirde yaymlanan minimumlar ve bu
calisma kapsaminda yapilan gozlemlerden elde edilen minimumlarla yapilmistir.
Sistemin 151k egrisi analizi icin ASAS veri arsivinden faydalanilmistir. Sistemin 151k egrisi
analizi Wilson & Dewinney yazilimi kullamilarak yapimistir. Fotometrik sonuglardan,
sistemin kiitle oranmi (q) 0.72(2), degme/tasma parametresi (f) yaklasik %19 ve yoriinge
egikligi (i) 77(1) olarak belirlenmistir.

* Muhammed Faruk YILDIRIM, mf.yildirim@hotmail.com.tr, http://orcid.org/0000-0003-2382-7011
Faruk SOYDUGAN, fsoydugan@comu.edu.tr, http://orcid.org/0000-0002-5141-7645

30


http://orcid.org/0000-0003-2382-7011
http://orcid.org/0000-0002-5141-7645

YILDIRIM M.F., SOYDUGAN F.
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1. Introduction

Investigation of contact and overcontact binaries, according to the appearance of their
light curves, is important to explore the evolutional properties of the binary stars. Depths
of the primary and secondary minimum in the light curves of mostly contact binaries are
approximately the same. In such systems, the surface temperatures of the component stars
are almost the same. The orbital periods of W UMa type eclipsing binary systems are
usually short and are between 0,2 and 0,8 days. Mass ratios (g=M>/M) of the systems are
mostly between 0,1-0,5. Spectral types of such systems vary from late A to middle K.
Evolutionary status of interacting binaries around the contact status can be mostly
clarified by the thermal relaxation oscillation (TRO) theory [1]. A binary system in
thermal contact demonstrates the light curves like those of W UMa type binaries with
nearly equal depths. On the other hand, those in broken contact phase have the
components with different temperatures. In this study, the V-light curve and orbital period
change of a contact binary NO Vul has been analyzed and discussed.

NO Vul (2MASS J19343799+2037142, V= 12M.83) is a contact binary system. The
eclipsing binary system was discovered by [2]. Analysis of the period variations of the
system was made by [3]. [4] were solved out R-light curve and made orbital period
analysis of the system. Recently, period variation of the system was carried out by [5].
Since all the published minima times of the system are in the O-C gateway, they have not
given as reference. There is no radial velocity study in the literature of the contact binary
NO Vul. Therefore, the mass ratio of the system has not been determined. This is why q
search of the target system was done in this study (see Fig. 1.). Table 1, provides basic
information about the NO Vul system.

Table 1. Basic information of NO Vul components (The figures on the basic physical
parameters represent references).

M, R,
System  Spectral Period To M: R> a  References
Type (day) (HID) (Mo) (Ro) (Ro)
NO Vul F8+F8.5° 0.370766217 2446346.29337 1.33% 1.24% 2.66° [6, 7]
0.52° 0.70°

2. Material and method

2.1. Photometric observations

NO Vul's observations were made at Canakkkale Onsekiz Mart University Ulupinar
Observatory. Observations LX200 model Cassegrain-Schmidt type, 305mm Apogeee
Alta U47 CCD was made using a diameter telescope and a 15',8 x 15',8 viewing angle
detector. The observations were made in total three nights in May (2013), July (2012) and
August (2012) 0f 2012 and 2013 years. During the observations, as comparison and check
stars, respectively; GSC 1609-1367 and GSC 1609-1497 stars are selected. During the
observations, no significant change was observed in the light changes of the comparison
and check stars. The observational errors were measured as approximately 0.01
magnitude in all filters. The reduction was carried out using the C-Munipack program
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(http://cmunipack.sourceforge.net). Also from our observations, three minima (see Table
2) times were determined for NO Vul.

Table 2. New minima times obtained in this study for NO Vul.

Filter Minima Times Errors Type
(HID-+2400000) (V)
BVR 56133.3900 0.001 I
BVR 56170.4670 0.002 I
BVR 56433.5253 0.002 11

2.2. Analysis of V-light curve

In order to analyze light curve of NO Vul, we have preferred the Wilson-Devinney code,
which is the well-known and used for the light and radial curve analysis of the binary
systems [8]. During the analysis, mode 3 of Wilson-Devinney code, which holds for
contact systems, is used.

In this study, only light changes were obtained for the minimum time and the entire light
curve was not observed, so ASAS data archive was used for the analysis of all light curve.
We analyzed V-light curve of the system, which was taken from ASAS public data
archive (http://www.astrouw.edu.pl/asas/?page=acvs). In this paper, the data in the ASAS
data archive was studied, since it was less scattered and had more good data than other
data archives. Effective temperature of 7,=6050 K was determined from the B-V value
(taken from the APASS database (https://www.physics.mcmaster.ca/)) for the system was
calculated as 0.56, while the 6050 K value was used considering the FOV spectral
classification [9] for the primary component. The gravity-darkening coefficients
2:=g2=0.32 [10] and bolometric albedo values 4,=4,=0.5 were used, which correspond
to the convective envelopes of both components. There is no mass ratio determined in the
literature of the system because no radial velocity study has been performed. This is why
q search of the target system was done in this study (see Fig. 1.). After determining the
best solution as a result of light curve analysis, all values are kept constant. Then the mass
ratio parameter is free and the q value is determined. The mass ratio (g) of the system was
searched and found to be g=0.72 (see Figure 1) in order to use an input parameter for the
analysis since there is no published radial velocity measurements of the components. The
resulted parameter values obtained in the V-light curve analysis of NO Vul are given in
Table 3.
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Figure 1. g-search for NO Vul.

Table 3. Final photometric parameters obtained from ASAS V-light curve analysis.

Values and their errors

Parameters
gi1=g>2 0.32
Ar=A> 0.5
i (deg.) 77(1)
T1(K) 6050

7> (K) 5545(145)
Q1= 3.201(9)
q 0.72(2)
Ly 0.662(24)
le + LZU
by 0.338
le + LZv
1 (%) 19

During the photometric analysis, a possible third light was investigated but there was no
significant result. As a result of the light curve analysis, the third light contribution was
not significant. We continued the iterations until the corrections in the free parameters (i:
orbital inclination angle of the system, 7>: surface temperature of second component, g:
mass ratio, Q;: surface potential of the main component and L;: luminosity of the main
component) values were small in possible errors. During the analysis, the surface
temperature of the first component (77), the luminosity of the second component (L) and
the surface potential of the second component (£2;) have kept constant. A comparison
between observed ASAS V-light curve and the best theoretical fits achieved is

demonstrated in Figure 2.
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Figure 2. Observed ASAS light curve and calculated theoretical one in V filter
(Triangular symbols represent observational data, while the continuous line represents
the theoretical fit).

2.3. Orbital period study

The presence of variations in the period of a binary stars can be demonstrated by the well-
known O-C method. In this method, O: means the minima observed times and C: means
the calculated minima times. The period change of a system can be easily monitored in
the created O-C diagram. The distribution in such a diagram can be linear, parabolic,
sinusoidal or in a complicated way. In this paper, considering the distributions of O-C
data of NO Vul, O-C values are calculated by Equation 1 and Equation 2 given below:

Minl = Ty + E.P + Q.E? + At (D)

At =

apsini’ { 1-e’?

1+e’cosv’

. sin(v' +w') + e’cosw’} ()
In the equation 1, 7o and P represent the initial light elements, £ and Q represent the
number of cycles and the quadratic term, respectively and At is the time delay. In the
equation 2, c: expresses the speed of light, a;2: semi-major axis length of the third possible
component, i: orbital inclination, e: orbital eccentricity, v: true anomaly and w: the
longitude value of the periastron of the third-body orbit. The description of this equation
was given by [11]. The O-C method was used to examine the period change of NO Vul.
We have collected all published minima times in the literature for NO Vul binary systems.

In the O-C graph of NO Vul, cyclical change was seen in addition to parabolic behavior.
In O-C analyzes, sinus-like changes may either be due to a possible third component or
may be due to magnetic activity. It has been interpreted in detail in the result and
conclusions section for this change (sinusoidal exchange) of NO Vul system. Therefore,
we used Equation 1 to represent the observational data. The result parameters obtained in
O-C analysis are listed in Table 4. Using the quadratic term (Q), we have computed the
decreasing rate in the orbital period to be -0.88 s century™!. In the O-C graph of NO Vul,
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the representation of both parabolic and cyclic variations is indicated in Figure 4. The
periodic variation (see Fig 3) was interpreted by an unseen component around the

eclipsing pair.
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Figure 3. Distribution of O-C data of NO Vul after subtraction of parabola and its

theoretical representation by third-body effect.
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Figure 4. O-C graph for NO Vul, both parabolic (blue line) and sinusoidal exchange

(red line) representation.
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Table 4. Resulted parameters from O-C analysis.

Parameters NO Vul
To (HID+2400000) 46346.3010(2)
Pory (day) 0.3707665(1)
0O (day) -5.15(1) x1071
dP/dt (s/century) -0.88
dM/dt (Moe/year) -7.79x10°®
aixsini (AB) 1.02(15)
e 0.0
o (deg) 90
T" (HID+2400000) 52315(270)
P12 (year) 34(4)
f(m3) (Mo) 0.0009(1)
m3 (Mo) for i=90 deg. 0.15

3. Result and conclusions

This study focused on the ASAS V-light curve analysis and period change of the contact
system NO Vul. The V-light curve of the system was analysed using Wilson-Devinney
code. We obtained the effective temperature of the cooler companion as 7>=5545(145) K
and inclination of the orbit i = 77(1) degree. The surface gravitational potential values
were found to be Q;=Q,= 3.201(9) and the fractional luminosity of the primary
component was calculated to be L;/(L;+L2)= 0.662(24). It is shown that NO Vul is a
contact system with fill-out factor /~%19 and mass ratio g=0.72. The fill-out factor rate
is determined by the f parameter made according to Roche geometry and is calculated
with the following equation:
Qin—0

f - Din—Rout (3)
In the Eq.3.; The surface potential value (2) of the binary system is the internal critical
Roche equipotential (£2;,) and the external critical Roche equipotential (Qou/).

In this paper, i, 2,=Q> and T; / T>ratio was found as 77(1), 3.201(9) and 1.09 respectively,
while [4] found it as 80.90(0.3), 3.08(0.18), 1.13 respectively. While we determined the
fill-out factor value as 19 percent, [4] determined as 42.9 percent. Since the light curves
were scattered in both studies, the results of the studies were different.

Interacting binary NO Vul indicates orbital period decrease with a rate of -0.88 s century”
I, Conservative mass transfer between components can be recommended as the cause of
orbital period decrease. The following equation is used for the calculation of mass transfer
value between the components [12].

AP _ 3m1(m1—m2)

€)

P mqi.m,

where it is represented by the period change (AP) and the transferred mass amount (1m,).
The mass transfer value from the more massive component to the less massive one is
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calculated to be -7.79x10®* M@ for NO Vul. In addition, O-C graph shows cyclic change
with a period of about 34 years. Such periodic variations are described in two ways. The
first of these, we explained using the light-time effect resulted from a tertiary component
around the binary system. The minimum mass of the probable third body was computed
as 0.15 Mo.

In this study, the mass function and the orbital period of the hypothetical third body were
determined as 0.0009(1) M@ and 34(4), while [5] determined as 0.000627(3) Mo,
26.17(5) in their study. In addition, [4] determined the mass of t hypothetical third body
as 0.36Mo in the orbital period analysis study, in our study it was determined as 0.15Mo.
And also in the same study, [4] suggested that the spectral type of the hypothetical third
body could be M2.

The second way, in binary stars, if one or both components have the late spectral type (F5
and late type), the probable cause of the cyclic change observed in the O-C distribution
may be due to magnetic activity, such a change being explained by the Applegate
mechanism [13]. Therefore, we have also calculated Applegate model parameters listed
in Table 4 to give an alternative explanation for the cyclic O-C variations. There are no
studies showing the magnetic activity in the literature for NO Vul system. If the reason
for the cyclical change is magnetic activity, since both components are of the late spectral
type from F5, it can be in both components. The applagate parameters calculated for both
components appear very close. The Applegate mechanism for cyclical change in any
publication in the literature has not been discussed.

Table 5. Applegate parameters for NO Vul.

Parameters NO Vul
Prioa (year) 34
AP/P 5,97x10°
AJ (erg s) -2,5%10%
AYQ 0,001
AE (erg) 6,4x10%
I; (g cm?) 9,8x10°?
ALyms (Lo) 0,05
B (kG) 8

NO Vul should be also investigated using high-resolution spectra to have more
knowledge for its nature. As a result of period analysis of the system, photometric and
spectroscopic evidences should be obtained to investigate the mass transfer between
components, the presence of a possible third body and the magnetic activity cycle.
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Oz

Iminler aldehit ve ketonlarin primer aminlerle reaksiyonu sonucu olusur. Iminlerin
indirgenmesi ile de baz1 siibstitiie aminler elde edilir. Endiistrinin pek ¢ok dalinda ve
organik sentezlerde kullanilan aminler ve iminler kimyada ilgi goéren Onemli
bilesiklerdir. Bu calismada salisilaldehit ile 4-aminofenoliin reaksiyonundan bir imin
bilesigi olan (2-(((4-hidroksifenil)imino)metil)fenol sentezlenmistir. Imin bilesigindeki
C=N cift baglarmin ¢ozelti ortaminda indirgenmesi reaksiyon baslangict background
tammlama  yontemi  kullanilarak  FT-IR  ile  izlenmistir. 2-(((4-
hidroksifenil)imino)metil)fenol bilesiginin NaBH4 ile indirgenmesi oda sicakliginda FT-
IR sivi hiicresinde ¢6zelti ortaminda incelenmistir. Iminin NaBH, ile indirgenmesi
sonucunda sekonder amin bilesigi 2-(((4-hidroksifenil)amino)metil)fenol elde
edilmistir. Saflastirilan 2-(((4-hidroksifenil)imino)metil)fenol bilesiginin ve indirgenme
islemi sonunda elde edilen 2-(((4-hidroksifenil)amino)metil)fenol bilesiginin yapilari
FT-IR, 'H-NMR ve '3C-NMR analizleri ile aydinlatilmistir.

Anahtar kelimeler: Imin, indirgenme, amin, background tanimlama, FT-IR, reaksiyon
izleme.
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Monitoring of reduction reaction of 2-
((phenylimino)methyl)phenol compound with NaBHj4 in solution
by FT-IR

Abstract:

Imines are formed by reaction of aldehydes and ketones with primary amines.
Reduction of imines provides substituted amines. Amines and imines which are used in
many branches of industry and organic synthesis are important compounds of interest in
chemistry. In this study, the corresponding imine compound (2-(((4-
hydroxyphenyl)imino)methyl)phenol) was synthesized by the reaction of
salicylaldehyde and 4-aminophenol. Reduction of C=N double bonds of imine
compound in solution medium was monitored by FT-IR using the reaction start
background identification method. Reduction of 2-(((4-
hydroxyphenyl)imino)methyl)phenol with NaBH4 was investigated in solution in FT-IR
liquid cell at room temperature. Reduction of the imine with NaBH4 produced the
secondary amine (2-(((4-hydroxyphenyl)amino)methyl)phenol). The structures of the
purified 2-(((4-hydroxyphenyl)imino)methyl)phenol (imine) and the resulting 2-(((4-
hydroxyphenyl)amino)methyl)phenol (secondary amine) were elucidated by FT-IR, 'H-
NMR and *C-NMR analysis.

Keywords: Imine, reduction, amines, background defining, FT-IR, reaction monitoring.

1.Giris

Aminler, organik kimyada reaktif ya da ara {iriin olarak kullanildiklarindan g¢esitli
endiistriyel islemlerde 6ne ¢ikan dnemli bilesiklerdir [1]. Aminler; deterjan, plastik,
tekstil endiistrisinde katki maddesi [2], polimerlesme reaksiyonlarinda ham madde ve
katalizor [3], organik kimyada ¢oziicii olarak da yaygin olarak kullanilir. Ayrica
aminlerin boya [4] ve ilag [5] endiistrisinde de kullanimlar1 mevcuttur. Amonyak,
primer veya sekonder aminlerle aldehit ve ketonlarin bir indirgen reaktif ortamindaki
reaksiyonlar1 sonucu elde edilen bazi amin tiirevleri biyolojik ve kimyasal islemlerde
kullanilmistir [6]. Cok c¢esitli amin sentez yontemleri bulunmasimin yaninda imin
bilesiklerinin indirgenmesi ile de farkli siibstitiie amin tiirevleri elde edilebilir [7].

Aminler, birgok alanda kullanimlarinin yani sira biyolojik a¢idan dnemli [8] ve ilgi
ceken bilesikler olduklari i¢in ¢alismada incelenen iminlerin amine indirgenmesi
reaksiyonu da olduk¢a Onemlidir. Bu nedenle bir imin bilesigi olan 2-(((4-
hidroksifenil)imino)metil)fenol’iin (hhpmp) NaBH4 ile metanol ¢o6ziiciisii igindeki
indirgenmesi reaksiyonu FT-IR ile izlenmistir.

Bu c¢alismadaki sekonder amin, 2-(((4-hidroksifenil)amino)metil)fenol (hpamp)
salisilaldehit ile 4-aminofenoliin reaksiyonundan elde edilen imin bilesiginin
indirgenmesi ile elde edilmistir. Sonrasinda indirgenme reaksiyon ortami FT-IR sivi
hiicresinde background tanimlama metodu ile basamak basamak izlenmistir.
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Literatlirde organik reaksiyon ortamlarinin izlenmesi i¢in bir¢ok yontem bulunmaktadir
[9-11]. Calismada kullanilan yontemde diger FT-IR yontemlerinden farkli olarak
reaksiyon baslangict background (bg) tanimlanarak reaksiyon olusurken ortamin
izlemesidir. Daha Once tarafimizdan bazi iminlesme reaksiyonlarmin ve bazi kompleks
olusumlarinin ¢dzelti ortaminda izlenmesinde kullanilmigtir.  Bu yoOntemin bazi
avantajlar1 ve Ozellikleri asagida agiklanmistir [12].  Ayrica yOntemin bagka
uygulamalar1 olarak ¢dzelti ortaminda bazi ligandlarin kompleks olusturma [13,14] ve
hidrazon [15] olusum reaksiyonlarinin izlenmesi ¢alismalar1 da bulunmaktadir.

2.Materyal metot

Calismada kullanilan kimyasal maddeler ticari olarak Merck, Fluka ve Riedel
firmalarindan satin alinarak ve ilave saflastirilma yapilmadan kullanmilmistir. FT-IR
Ol¢iimleri Perkin-Elmer Marka Spektrum 65 model FT-IR cihazi Elmas ATR aparati ve
hiicre kalinlig1 (151k yolu uzunlugu) 0,015 mm CaF; s1v1 hiicresinde alinmigtir. NMR
dlciimleri Balikesir Universitesi Bilim ve Teknoloji Uygulama ve Arastirma Merkezi
biinyesindeki Agilent Technologies marka 400 MHz’lik NMR Spektrometresi cihazi ile
yapilmistir.

2.1 Background tanimlama yontemi

Kat1 maddenin IR spektrumlarini 6l¢me islemine kiyasla ¢ozeltilerin IR spektrumlarinin
alinmasi biraz daha farkli ve dikkat gerektiren bir islemdir. Ciink{i 6l¢iimii alinacak
madde genellikle organik coziicililerde ¢oziiniirler ve kullanilan organik ¢oziiciiler de IR
aktif maddeler olduklar1 i¢in kendilerine ait IR titresimlerine sahiptirler. Bu nedenle IR
Olciimii yapilmadan Once ¢oOziiciiniin background modunda IR spektrumu alinip
kaydedilerek c¢oziiciiden gelebilecek titresimlerin  yok edilmesi saglanmalidir.
Background tanimlama isleminden (kor okutma) sonra ¢ozelti spektrumu alindiginda
sadece ol¢iimii yapilmak istenilen maddenin (¢6ziinen) spektrumu elde edilmis olur.

Infrared Sl¢iimlerinde saf ¢dziiciilerin background (bg) tanimlanmas: yapilabildigi gibi
cozeltiler de background modunda okutularak background olarak kaydedilebilmektedir.
Sekil 1. (b) spektrumunda benzaldehitin kloroform ¢ozeltisi bg modunda okutulmustur.
Spektrum incelendiginde 3019 ve 2400 cm™ de c¢ikan titresimler kloroforma ait
titresimler olup, 2360 cm™ de goriilen titresim ise havadaki CO> kaynaklidir. 1702 cm
Pdeki titresim bandi ise benzaldehit molekiiliine aittir. (b) spektrumunun bg olarak
kaydedilmesinden sonra yeni bir IR Ol¢limiiniin alinmasiyla (c) spektrumu elde
edilmistir. Cozelti icerisindeki tiim bilesenlerden (¢oziicii + ¢oziinen) ve 151k yolundaki
havadan kaynaklanan titresimler cihaz tarafindan yok sayildig: i¢in diiz ¢izgi seklinde
bir spektrum elde edilmistir. “Infrared 6l¢iimlerinde herhangi bir anda background
tanimlamak o an ortamda bulunan tiim bilesenlerin titresimlerini cihaz tarafindan yok
say1lmasini saglamaktadir.” Ifadesi bg tanimlama yonteminin temelini olusturmaktadir.
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Sekil 1. (a) Kloroformun bg modunda, (b) Kloroformda ¢6ziilmiis benzadehitin bg
modunda, (c) b spektrumunun bg olarak kaydedilmesinden sonra benzaldehit ¢ozeltinin
okutulmast ile elde edilen IR spektrumlari.

Organik ¢oziiciilerde belirli fonksiyonel gruplara sahip bilesiklerdir ve bu nedenle de IR
Olciimlerinde ¢ok siddetli absorbans verdikleri IR bolgeleri bulunmaktadir. Eger
Olclimii yapilacak numune c¢oziiciiyle ayni dalgasayist araliklarindaki IR 1sinlarini
absorbe ediyorsa numunedeki bu araliktaki titresimleri 6lgmek miimkiin degildir.
Background tanimlama islemi yapilsa dahi c¢oziicliniin izin verdigi dalgasayisi
araliginda (siddetli absorbans yapmadigi aralikta) c¢ozeltinin IR spektrumu analizi
yapilabilmektedir. Cozelti ortaminda IR analizi yapilabilmesi i¢in ¢dziiciinlin izin
verdigi dalgasayis1 araligi 6nceden belirlenmelidir ki bu calismada kullanilan metil
alkol i¢in en iyi ¢alisma aralig1 1500-2000 cm™ olarak belirlenmistir.

2.2 Reaksiyon baslangicint background tanimlama yontemi

Organik reaksiyonlarin FT-IR ile sivi hiicresinde es zamanli izlenebilmesi igin
background tanimlama yontemi kullanilmistir. Bu yoOntemin temelinde reaksiyon
baslangicindaki ortamdaki biitiin bilesenlerden kaynaklanan titresimler FT-IR cihazi
tarafindan yok sayilmasi vardir. Zamanla alinan reaksiyon ortami FT-IR Ol¢limleri
sadece ortamdaki degisimlerden kaynaklanir ve sonu¢ olarak elde edilen spektrum
iriinlerin titresimlerinden ve ortamda azalan giris maddelerinden kaynaklanir.

Bu yontemde reaksiyonun baslangic ani (giris maddeleri ve ¢oziicii) background
tanimlandig1 i¢in reaksiyon baslangicinda ortamdaki biitlin titresimler cihaz tarafindan
sifir kabul edildigi i¢in reaksiyon ortaminin zamanla aliman IR spektrumlarinda giris
maddeleri % transmitansin iizerinde ¢ikarken olusan iirliniin titresimleri transmitans
¢izgisinin altinda ¢ikmaktadir [16].
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Bu calismada salisilaldehit ile 4-aminofenoliin reaksiyonundan elde edilen imin
bilesiginin NaBH4 ile MeOH igindeki indirgenme reaksiyonu reaksiyon baslangici
background tanimlama metodu kullanilarak FT-IR ile incelenmistir. Bu amagla ilk
olarak salisilaldehit ve 4-aminofenoliin reaksiyonunda imin {iriinii sentezlenmis sonra
elde edilen imin bilesigi NaBHs ile indirgenerek amine doniistiirilmiistir. Bu
indirgenme reaksiyonu da ¢ozelti ortaminda FT-IR ile izlenmistir.

2.3 Deneysel ¢calismalar

2.3.1 2-(((4-hidroksifenil)imino)metil)fenol (hpmp) bilesiginin sentezi

Bir reaksiyon balonunda 10 mmol (1,043 ml) salisilaldehit, 20 mL etil alkolde
¢Oziilmiistiir. Bu ¢ozeltiye icinde 10 mmol (0,912 ml) 4-aminofenol ¢6ziilmiis 20 mL 4-
aminofenol ¢ozeltisi yavas yavas ilave edilmistir. Reaksiyon karigimina katalizor olarak
1-2 damla glasiyal asetik asit ilave edilmistir. Reaksiyon karisimi 70°C de geri
sogutucu altinda 24 saat karistirilmistir. Ham iiriin sar1 renkli reaksiyon karisimindan
¢Oziiclinlin evapore edilmesi ile elde edilmis ve etanolden kristallendirilerek
saflagtirilmistir.  Sentezlenen (imin) hpmp bilesiginin yapis1 FT-IR, 'H-NMR ve *C-
NMR analizleri ile aydinlatilmigtir.

0] q OH
— >
+ -H,0 N
OH H,N
OH
2-(((4-hidroksifenil)imino)metil)fenol
(hpmp)

Sekil 2. Salisilaldehit ve 4-aminofenoliin iminlesme reaksiyonu.

2.3.2 2-(((4-hidroksifenil)imino)metil)fenol bilesiginin amine indirgemesi

Imin bilesiginin indirgenme reaksiyonu (Sekil 3) ¢dzelti ortaminda siv1 hiicresinde FT-
IR ile izlenmigtir. Sentezlenen hpmp bilesiginden 0,01 mol (2,132 g) alinarak 50
mL’lik bir balon jojede metanol i¢cinde ¢ozeltisi hazirlanmistir.

Reaksiyon baglangicin1 bg tanimlama metodu kullanilarak indirgenme reaksiyonu
cozelti ortaminda izlenmistir. Bu amacla ilk olarak kullanilan ¢oziici (MeOH)
background tamimlanarak ¢alisilabilecek dalgasayist araligi  (2000-1500 cm™)
belirlenmistir.  Metanolde hazirlanan hpmp ¢o6zeltisi sivi hiicresine almip hpmp
bilesiginin IR spektrumu metanol background’na karst oOlgiilmiis ve daha sonra
karsilastirma yapabilmek i¢in kaydedilmistir. Bdylece sadece hpmp bilesigine ait
titresimler elde edilmistir. Aymi hpmp ¢ozelti (reaksiyon baslangic c¢ozeltisi) bg
modunda okutularak kaydedilmistir. Bu sayede hpmp bilesiginden kaynaklanan tiim
titresimler reaksiyon baglamadan cihaz tarafindan sifirlanmistir. Sonra hpmp ¢ozeltisi
bir balonda oda sicakliginda karistirilmaya baslanmustir.  Indirgeme reaksiyonun
gerceklesmesi icin NaBHs ortama belirli miktarlarda kat1 olarak ilave edilmistir.
Reaksiyon baslangicinin bg tanimlanmasi sayesinde indirgenme reaksiyonu esnasinda
reaksiyon ortamindaki degisimler daha rahat incelenebilmistir.
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Sekil 3. 2-(((4-hidroksifenil)imino)metil)fenol bilesiginin NaBH4 ile amine indirgenme
reaksiyonu

Indirgeme reaksiyonunu basamak basamak izleyebilmek i¢in karistirma islemi devam
eden hpmp ¢ozelti igerisine her defasinda 0,0005 mol (0,0189 g) NaBH4 ilave edilmistir
ve gaz ¢ikisi islemi bittikten sonra ¢ozeltiden bir siringa yardimiyla bir miktar reaksiyon
karistmi FT-IR sivi hiicresine aktarilarak ortamin IR spektrumu alinmustir. Cozelti
icerisine tekrar tekrar NaBH4 ilave edilmesine IR spektrumlarindaki pik siddetlerinde
degisim olmayana kadar devam edilmistir.  Sekizinci NaBHs ilavesi ile pik
siddetlerindeki degisim son bulmustur.

Reaksiyon tamamlandiktan sonra reaksiyon karigimindan ¢oziicii evapore edilerek
uzaklastinnlmistir ve elde edilen kat1 hpamp ham {iriinii MeOH ve EtOH (1/2) ¢oziicii
karisimindan kristallendirilerek saflagtirilmigtir. Saflagtirilan hpamp bilesiginin MeOH
icerisinde ¢ozeltisi hazirlanarak 2000-1500 cmaraliginda IR spektrumu alinarak
reaksiyon siiresince ortamin alinan IR spektrumlart ile karsilastirma yapmak igin
kaydedilmistir. Hpamp bilesiginin 4000-600 cm'araligindaki IR spektrumu ATR
aparat1 yardimiyla alinarak yap1 analizi yapabilmek amaciyla kaydedilmistir.

3. Bulgular

3.1 Hpmp bilesiginin yapisal analizi

Sekil 4 (a) salisilaldehitin FT-IR spektrumu incelendiginde 2845-2750 cm™” de goriilen
bant aldehit hidrojeninin simetrik ve asimetrik gerilme titresimlerinden, 1661 cm™” de
gelen bant ise aldehitin C=O grubuna ait gerilme titresiminden kaynaklanmaktadir.

Sekil 4 (b) 4-aminofenoliin IR spektrumunda 3431 ve 3352 cm™” de goriilen ikili bant
primer amin (-NHz2) grubunun simetrik ve asimetrik gerilme titresimlerinden, 1618 cm”
> deki bant ise -NH, grubunun egilme titresimlerinden kaynaklanmaktadur.

Sekil 4 (c)’ de ise elde edilen imin bilesigi hpmp’nin spektrumu verilmistir. Bu
spektrumda salisilaldehitten kaynaklanabilecek karbonil titresimi ve 4-aminofenolin -
NH> grubuna ait titresimlerin kayboldugu ve olusan imin yapisinin C=N c¢ift bagina ait
1614 cm™"” deki titresimin ortaya ¢iktig1 goriilmektedir.

44



BAUN Fen Bil. Enst. Dergisi, 23(1), 39-49, (2021)

» RN
3060 2845 2750

N
1485
b 166 16’44 1458 1573 1149
%T \/\\W/W\ / »\ /\ ‘ ﬂ’
AT M / 1
‘ 3279 | ﬂ/m LA
3338 1614 ‘“ ‘ U Vl \/ /1
c 1471 I |

1508

1458

161 1257

1571 1494

4000 3500 3000 2500 2000 1500 1000 600
Dalga sayis1 (cm™)

Sekil 4.(a) Salisilaldehitin, (b) 4-aminofenoliin ve (c) hpmp bilesiginin 4000-600 cm!
araligindaki IR spektrumlari.

Hpmp bilesigine ait agagida verilen NMR verileri de iiriiniin yapisin1 desteklemektedir.

'H NMR (CDCl3, 8, ppm) 5.80 (b, 1H, OH) 6.90 (d, 2H), 6.92 (t, 1H), 7.02 (d, 1H),
7.22 (d, 2H), 7.36 (m, 2H), 8.60 (s, 1H, HC=N)), 13.10 (b, 1H, OH). '"H NMR sonuglar
yorumlandiginda imin grubundaki hidrojenin 8.60 ppm’de tekli sinyal vermesi,
bilesikteki aromatik hidrojenlere ait toplam 8 hidrojen sinyalinin bulunmasi ve aromatik
halklara bagl -OH gruplar i¢in 2 farkli hidrojen sinyalinin de 13.10 ve 5.80 ppm’de
¢ikmasi bilesigin yapisini desteklemektedir.

BC NMR (CDCls, 8, ppm) 116.1, 117.1, 119.1, 119.3, 122.4, 132.0, 132.8, 141.2,
155.0, 160.9 (Aromatik yapidaki karbon atomlar1), 160.4 (C=N). *C NMR sonuglari
incelendiginde 160.4 ppm’de imin karbonunun ve aromatik bdlgede de 10 farkli C
atomu sinyalinin bulunmasi molekiiliin yapisin1 desteklemektedir.

Hpamp Bilesiginin Yap1 Analizi

Sekil 5 (a)’ daki IR spektrumu incelendiginde hpmp bilesigindeki C=N c¢ift bagina ait
titresim 614 cm™” de goriilmektedir, bu C=N ¢ift baginin indirgenmesi ile elde edilen
pamp bilesiginin N-H titresimi (b) spektrumunda 1591 cm™’de goriilmektedir.

Ayn1 zamanda bir sekonder amin olan iiriiniin Sekil 5 (b)’ de goriilen 3260 cm™'*de tekli
-NH-(sekonder amin) gerilme titresimi mevcuttur. Bu IR verileri indirgenme isleminin
gerceklestigini  imin bilesigi hpmp’nin amin bilesigi hpamp’ye doniistiigiini
gostermektedir.
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Sekil 5. (a) Hpmp (imin) bilesiginin ve (b) Hpamp bilesiginin (indirgenmis {irtin) 4000-
600 cm™! araligindaki IR spektrumlari.

Hpamp bilesigine ait agagida verilen NMR verileri de iiriiniin yapisini desteklemektedir.

"H NMR (CDCl3, 8, ppm) 2,08 (b, 1H, NH), 4.38 (s, 2H), 5.60 (b, 2H, OH), 6.76 (m,
4H), 6.87 (m, 2H), 7.12 (d, 1H), 7.21 (t, 1H). 'H NMR sonuglar1 incelendiginde -NH-
grubuna komsu -CH»- ‘deki hidrojenler 4.38 ppm’de tekli sinyal ve -NH- grubundaki
hidrojenin 2.08 ppm’de sinyal vermistir. Ayrica bilesikteki aromatik yapidaki toplam 9
hidrojenin aromatik bdlgede sinyal vermesi ve fenolik -OH grubundaki hidrojenin de
5.60 ppm’de ¢ikmustir.

3C NMR (CDCls, 8, ppm) 50.2 (-CH»-), 116.1, 116.6, 118.0, 119.9, 122.5, 128.5,
129.1, 140.5, 150.3, 157.0 (Aromatik yapidaki karbon atomlar1). '*C NMR sonuglar
incelendiginde 50.2 ppm’de amin grubuna komsu alifatik -CH>- karbonunun ve
aromatik bolgede de 10 farkli C atomunun sinyal vermesi molekiil yapisim
netlestirmektedir.

Hpamp bilesigi olusum reaksiyonunun FT-IR ile eszamanli incelenmesi

Sekil 6 (a) spektrumu hpmp bilesigine, (c) spektrumu indirgenmis {iriin (hpamp)
bilesigine ait methanol bg’l1 IR spektrumlaridir. (b) spektrumlar1 da hpmp bilesiginin
MeOH icinde hazirlanan ¢ozeltisinin background tanimlandiktan sonra her NaBHj4
ilavesiyle indirgenme reaksiyonun ortaminin IR spektrumlaridir.

Sekil 6’ (b) spektrumlar incelendiginde reaksiyon baglangict background tanimlandigi
icin IR spektrumlarinda transmitans ¢izgisinin altinda ve iizerinde bantlarin oldugu
goriilmektedir. Transmitans ¢izgisinin {lizerinde c¢ikan titresimler giris maddesine
(hpmp) ait iken transmitans ¢izgisinin altinda olan bantlar ise {iirline (hpamp) ait
titresimlerdir. (b) spektrumu incelendiginde 1621 cm™” de gdzlenen C=N gift baginin
titresimleri NaBH4 ilavesi ile transmitans ¢izgisi lizerinde arttigir goriilmektedir. Bu
durum reaksiyon ortamda C=N ¢ift baglarinin azaldi§ina isaret eder. Transmitans
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cizgisinin altinda iiriine ait 1518 cm™” de titresim bandmin zamanla artmasi, NaBHa
ilavesi ile iiriiniin arttigmigdstermektedir. Uriine ait 1591 ve 1574 cm™! deki titresim
bantlarmin tam olarak transmitans ¢izgisi iizerinde artmamasinin ve {iriine ait 1597 cm™!
deki titresim bandimmin da transmitans ¢izgisinin altinda belirgin bir sekilde
artmamasinin sebebi cihazin bu dalga sayist araligindaki titresim bantlarmin farkim
almasindan kaynaklanmaktadir.

Bu sonuglardan, reaksiyon ortaminda NaBHs ile etkilesime giren hpmp bilesigindeki
C=N cift bagimin indirgenerek pamp bilesigindeki C-N tekli bagma doniistiigii
anlasilmaktadir.

%T]
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Sekil 6.(a) Hpmp bilesiginin, (b) Reaksiyon baslangici bg tanimlanmis belirli miktar
NaBHj ilavesi ile reaksiyon ortaminin ve (c) Hpamp bilesiginin 2000-1500 cm'!
araligindaki IR spektrumlari.

4. Sonuc-tartisma

Kullanilan yontemin temel prensibi 6l¢iimii alinacak maddenin IR spektrumu alinmadan
once disaridan gelebilecek her tiirlii etkiyi yok etmek amaciyla kullanilan kor okutma
yani background tanimlama iglemidir. Calismada bg tanimlama giris maddeleri i¢in
yapilmis ve o anda ortamdaki biitiin maddelerden kaynakli titresimler cihaz tarafindan
stfirlanmis ve sadece reaksiyon ortamindaki madde degisimleri incelenmistir.

Aldehitlerin veya ketonlarin primer aminlerle olusturduklart imin bilesiklerinin amine
indirgeme reaksiyonlar1 literatiirde mevcuttur.  Fakat daha Once imin olusum
reaksiyonlarinin, kompleks olusum reaksiyonlarinin [17] ve hidrazon olusum
reaksiyonlarmin [18] izlenmesinde kullanilan reaksiyon baslangici background
tanimlama yontemi c¢aligmada sentezlenen imin yapisindaki hpmp bilesiginin
indirgenmesi reaksiyonunda ilk defa ¢alismamizda kullanilmistir. Bu reaksiyon izleme
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yonteminin diger klasik indirgeme reaksiyonlar1 i¢in kullanilan ydntemlere gore
avantajlar1 sOyle siralanabilir:

. Indirgeme islemi yapilmadan once imin bilesiginin ¢oziicii ile hazirlanan
cozeltisi background tanimlanarak ¢oziicliden ve ortamda olusabilecek her tiirlii
bilesenin titresim etkileri sifirlanarak yok edilmis olur.

. Imin bilesiginden kaynaklanan titresim bantlar1 transmitans ¢izgisinin {izerinde
cikarken amin (indirgenme iirlinii) bilesiginden kaynaklanan titresim bantlar1 ise
transmitans ¢izgisinin altinda ¢ikmaktadir ki bu da reaksiyon sonunda hangi bilesenin
miktariin arttifinin hangi bilesenin miktarinin azaldiginin daha kolay anlagilmasini
saglar.

. Reaksiyon esnasinda olusan iirlinler saflagtirma islemi yapilmadan reaksiyon
karisimi ortaminda gozlenebilmektedir.

. Reaksiyon sirasinda olusan giris maddeleri ve {iriinlere ait olmayan pikler de ara
tiriin olusumu hakkinda bilgi verebilir.

. IR spektrumundaki pik yiikseklikleri 6rnekteki madde miktari ile orantili oldugu
icin pik yiiksekliklerine bakilarak hem giris maddelerinin hem de iiriinlerin ortamdaki
miktarlar1 hakkinda ayr1 ayr bilgi edinilmesi miimkiin olabilmektedir [19].
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Abstract

In this study, the structural and optical properties of Al and Mg doped zinc oxide
Zng.9sMo.020 (M= Al, Mg) prepared by solid state reaction method is investigated. X-
ray diffraction (XRD), Scanning Electron Microscopy (SEM), UV-Visible spectroscopy
(UV=Vis) and Fourier Transform Infrared (FTIR) spectroscopy were employed to study
the structural and optical properties. With XRD analysis, it was revealed that all the
samples are hexagonal wurtzite structure and exhibit no impurity phases. The
reflectance spectra was used to determine the optical band gap of the samples. And it
was found that undoped ZnO sample has an energy band gap of 3.16 eV which
increases with Al and Mg doping, probably driven by the decrease in the lattice
parameters. The structural bond vibrations of undoped and doped ZnO were analysed
by FTIR spectroscopy, and it was seen that the broad absorption band is at
approximately 550 cm™ for all the samples, which corresponds to the stretching
vibration of Zn—O bond.
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Katihal reaksiyon yontemi ile sentezlenen Al ve Mg katkili ZnO'
nun yapisal ve optik ozellikleri

Oz

Bu ¢alismada, katihal reaksiyon yontemi ile hazirlanan Al ve Mg katkili ¢inko oksidin
Zno.osMo.020 (M = Al, Mg) yapisal ve optik ozellikleri incelenmistir. Yapisal ve optik
ozellikleri incelemek i¢in X-i1sim1 kirmmimi (XRD), Taramali Elektron Mikroskobu (SEM),
UV-Gériiniir  spektroskopisi  (UV-Vis) ve Fourier Doniistimii Kizilotesi (FTIR)
spektroskopisi kullanmilmistir. XRD analizi ile tiim orneklerin altigen wurtzite yapida
oldugu ve hicbir safsizlik fazi olmadigi ortaya ¢ikmistir.  Yansima spektrumlari
orneklerin optik bant araligint belirlemek icin kullamilmistir. Katkisiz ZnO orneginin
3.16 eV enerji band araligina sahip oldugu ve Al ve Mg katkisi ile arttig1 gozlenmistir,
ki bu muhtemelen orgii parametrelerindeki diististen kaynaklanmaktadir. Katkisiz ve
katkil ZnO' nun yapisal bag titregsimleri FTIR spektroskopisi ile analiz edilmistir, ve
tiim ornekler icin Zn-O bagmin, gerilme titresimine karsilik gelen, genis sogrulma
bandimin yaklasik 550 cm™’ de oldugu gériilmiistiir.

Anahtar kelimeler: Yariiletkenler, ZnO, XRD, UV-Gériiniir spektroskopisi, FTIR, SEM.

1. Introduction

Zinc oxide (ZnO) is an II-VI semiconductor having a wide direct band gap energy (3.37
eV) at room temperature and a large exciton binding energy (60 meV). Due to its
features, ZnO 1is suitable for short-wavelength optoelectronic applications. Further,
because of its properties like low cost, non-toxicity, abundance in nature, and suitability
to doping, ZnO has wide device applications in different areas, such as ultraviolet light-
emitters, gas sensors, piezoelectric transducers and solar cells [1-7].

Many studies have been deployed to optimize the optical and structural properties of
Zn0O materials, properties of ZnO, particularly a major challenge is incorporation of
doping ions into the ZnO lattice. Doping with proper elements, such as Al, Mn, Cd,
Mg, Ni, and Cr, is an effective method to improve and control the structural and optical
properties of ZnO nanoparticles. Additionally, doping with Group II elements (Cd, Mg)
may change the value of the band gap and increase the intensity of UV emission [14-
18]. ZnO has high electrical resistivity, which is a disadvantage and can be reduced by
adding group III ions (B**, AI**, Ga*", and In*"). These ions improve ZnO optical and
electrical properties providing extra electrons. Al*" is the element mostly selected as
dopant due to its small ionic radius and low material cost. The substitution of Zn*"ions
with A" in ZnO lattice causes electrical conductivity to increase with the increase of
charge carriers [19-22].

The purpose of this study is to investigate the effects of Al and Mg doping on the
structural and optical properties of ZnO prepared by the solid state reaction method.
The effects of doping on structural and morphological properties were analyzed by X-
ray diffractometer (XRD), Fourier transform infrared spectroscopy (FTIR), Scanning
electron microscope (SEM) and the optical absorption studies were performed by UV—
Visible spectroscopy.
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2. Material and method

Samples of nominal compositions Zno.osMo.020 (M= Al, Mg) were synthesized via solid
state reaction method. The stoichiometric amounts of starting powders ZnO, Al,O3; and
MgO were mixed and ground followed by calcination at 400 °C for 8 h. After cooling,
the resulting material was reground and pelletized. Finally, pellets of 10 mm diameter
were prepared using press and sintered at 500 °C for 12 h.

The crystalline structure of the samples was characterized by using XRD in 20 range of
20-80 degrees. The phase and crystal parameters of all samples were determined using
CuK radiation (A= 1.5406 A). The major diffraction peaks for all the samples can be
indexed to the hexagonal wurtzite structure of ZnO crystal with reference to Joint
Committee on Powder Diffraction Standards (JCPDS) file No. 36-1451. The optical
properties of the samples were characterized by using ultraviolet-visible spectrometer
(UV—Vis). UV-Vis reflectance spectra of the samples were recorded in the wavelength
range of 300 to 800 nm. The band gap of undoped and doped ZnO was identified by
UV-Vis reflectance spectra recorded. The bonding between different atoms and
chemical properties of the particles was analysed by FTIR spectra. The FTIR spectrum
was gathered between the wavenumber of 400 and 4000 cm™'. The surface morphology
and grain size of the samples were studied by employing SEM.

3. Results

XRD patterns of the undoped, Al doped and Mg doped ZnO samples are illustrated in
Figure 1. XRD peaks at angle 20 are 31.8°, 34.5°, 36.3°, 47.6°, 56.6°, 62.9°, 66.4°,
68.0°, 70.0°, 72.6° and 77.0° which are indexed as miller indices (100), (002), (101),
(102), (110), (103), (200), (112), (201), (004) and (202) corresponding to ZnO,
respectively (space group p63mc, JCPDS no.36-1451) indicating that the phase of the
samples are hexagonal wurtzite structure. As seen from XRD patterns, there are no
secondary phases with Mg and Al doping into ZnO crystal lattice and notable changes
are not detected in the XRD patterns.

XRD analysis enables studying the effects of Al and Mg ions on the crystallite size and
lattice parameters. The lattice parameters were calculated from the relationship of the
interplanar spacing of the {hkl} plane for the wurtzite structure and the lattice
parameters by the Miller indices hkl using the below relationship [23]:

__ 4 \/ﬁ

a==—VhRZ+ Ik +k (1)
A

C_ZsinB (2)

The following equation is used to calculate the volume of the unit cell for hexagonal
system [24]:

V= V3a?c

= 0.866a’%c )
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The obtained values are listed in Table 1. The lattice parameters for undoped ZnO were
found to be a= 3.25024+0.0001 A, c=5.2027+0.0005 A and the volume is 47.60+0.0001
A3. The calculated lattice constants are in line with 36-1451 JCPDS standard data (a=
3.2498 A and c= 52066 A). The lattice parameters calculated from XRD data of
Zno.98Alo 020 powder are a= 3.2484 + 0.0008 A, c=5.2008+0.0020 A, and the volume is
47.53+0.0003 A3 and ZnoosMgoo2O powder are a= 3.2479+ 0.0008 A and c=
5.1966+0.0023 A, and the volume is 47.47+0.0002 A®. The lattice parameters decrease
slightly with Al and Mg doping. AI** has a smaller ionic radius (0.54 A) than that of
Zn>" (0.74 A), and the substitution of Al into ZnO may be the reason for the decrease in
the lattice parameter. Mg?" ionic radius (0.72 A)is comparable to the Zn** ionic radius
(0.74 A), thus the decrease may be due to the electronegativity difference between Zn
and Mg, inducing an effect of the interaction of Mg?" ions with O* ions. This leads to a
compression of the structure along the ¢ axis [25, 26].

The c/a ratio is 1.633 in a stoichiometric wurtzite structure [27]. The c/a ratio of
undoped, Al and Mg doped ZnO samples are 1.607, 1.601, 1.600, respectively. As
seen, c/a ratio of all samples is significantly smaller than ideal which might be linked to
the presence of oxygen vacancies Vo and extended defects.

Atomic packing fraction (APF) was determined by [28]:

2na

APF = P 4)

where a and c are the lattice parameters. The value of APF for all samples, which
decreases with doping indicating the increase of voids in the samples, is listed in Table
2. The APF of bulk hexagonal ZnO materials is about 74%, however in this study, the
APF of Zno.9sMo.020 nanoparticles is nearly 75% in hexagonal structure, this can be
related to the substitutional effect of Al and Mg.

For hexagonal structure of ZnO, the Zn—O bond length L is calculated using the
following relations. The bond length L for Zn—O is given by:

L= \/a?2+ (%— u)?c? (%)

where a, c are the lattice parameters and u is the positional parameter of the wurtzite
structure. u is a measure of the amount by which atom is displaced with respect to the
next along the c-axis. The parameter u in the wurtzite structure is given by [29,30]:

u = (% +0.25) (6)

The calculated Zn-O bond length (L) values are summarized in Table 1. Bond lengths
(L) were obtained as 1.9765 A, 1.9758 A and 1.9775 A in Al, Mg doped and undoped
ZnO samples, respectively. This trend is similar to the one in the lattice parameters and
also agrees with Zn-O bond length in the unit cell. The ionic radius of O*is 1.21 A, the
ionic radius of the Zn*" is 0.74 A and thus, the length of the Zn-O bond is 1.95 A. The
calculated values in all samples are slightly higher than 1.95 A. This result reveals that
there are structural defects, especially oxygen vacancies [31]. The oxygen positional
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parameter (u) calculated for undoped ZnO, Al and Mg doped samples are 0.38009,
0.38004 and 0.38021, respectively.

The lattice parameters, unit cell volume, and the Zn-O bond length change with Al and
Mg doping, also depicted in Table 1. The crystal parameter value of doped samples, in
general, is smaller than the value of undoped ZnO. This shows that AI** or Mg?*, which
both have an ionic radius smaller than Zn?" ions, substitute into the ZnO lattice. When
AI** or Mg?" ions fill Zn>" ion lattice, this causes crystal defects and charge imbalance
in ZnO structure.

The average crystallite size (D) is determined using the Scherrer’s formula (ignoring the
effect of strain):

D = (KA)/Brricosd (7

where D is crystallite size in nanometer, 3 is the full width of diffraction peak at half of
the maximum intensity (FWHM) in radians, K (= 0.9) is shape factor and A (= 0.154
nm) is the wavelength of CuKq radiation and 6 is the peak position for corresponding
hkl [32]. The calculated grain size of the samples is 38.12 nm, 36.00 and 39.14 nm for
undoped, Al and Mg doped ZnO, respectively and listed in Table 2. Al*" has a small
ionic radius and thus easily penetrates into ZnO crystal lattice and in turn, decreases the
average crystallite size. In contrast, Mg doping in ZnO results in an increase of the
crystallite size.

The average crystallite size and lattice strain are calculated by the Williamson—Hall
method. The two sources for the broadening of diffraction peaks, in this method, are
crystallite sizes and inhomogeneous strain. The crystallite size and strain induced
broadening are linked by the following relationship:

Briicosl = (%'1) + (4&sinf) ()

where P is the FWHM (rad), D is the crystallite size (nm), A is the X-ray wavelength
and ¢ is the strain induced on the particle [33-34]. Plots shown in Figure 2 are drawn
with 4sinf along the x-axis and Pcosf along the y-axis. Selected high intense peaks
(100), (002), (101), (102), (110), (103) and (112) are used to determine the crystallite
size and strain in all samples. The crystallite size and strain due to lattice deformation
in the sample can be obtained from the inverse of the intercept at the y-axis and slope,
respectively. The obtained results show a positive slope, and this indicates the tensile
strain. The lattice strain and crystalline size of the samples are expected to have a
significant effect on the optical properties [35].

The crystallite size for undoped, Al and Mg doped ZnO samples are calculated as 62.46,
56.82 and 64.49 nm, respectively, and the microstrain are calculated as 0.00118,
0.00118 and 0.00114 units for undoped, Al and Mg doped ZnO samples, respectively.
The strain values calculated were found to decrease with Mg doping and increase with
Al doping, this can be interpreted as the incorporation of dopants in the ZnO lattice.
The decrease of strain may result in the increase of crystal size and reduction in the peak
broadening, while the increase of strain may result in the reduction of crystal size and
increase of peak broadening. The values are listed in Table 2. The crystallite size
estimated using W—H plots followed the same trend as observed in Debye Scherrer’s
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formula. The particle size reported using Scherrer’s Formula is smaller than the particle
size observed. The difference in crystallite size estimated from Scherrer relation and
that from WH plot calculation is mostly linked to the inclusion of strain in the samples
and their estimated strain values are reasonable.

Zno.nﬂ‘“uﬂ.nzo -;:
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18 s "
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Figure 1. XRD patterns of undoped, Al and Mg doped ZnO samples.
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Figure 2. The Williamson-Hall analysis of (a) undoped, (b) Al and (c) Mg doped ZnO
samples.
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Figure 2. (Continued).

Table 1. Lattice parameters a and c, unit cell volume, lattice distortion c/a, positional
parameter (u) and Zn-O bond length (L) of undoped ZnO and Zng 9sMo.020 (M= Al,

Mg).
Lattice parameters (A) Volume Zn-0O
Samples of c/a u bond
a(Ad) ¢ (A) unit cell Length
(A% L) A)
Zn0O 3.2502(1)  5.2027(5) 47.60(1) 1.6007  0.38009 1.9775

ZnoosAloo2O  3.2484(8) 5.2008(20) 47.53(3) 1.6010 0.38004 1.9765
ZnoosMgo.2O  3.2479(8)  5.1966(23) 47.47(2) 1.6000  0.38021 1.9758
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Table 2. Calculated size of the particles, microstrain values and APF of undoped ZnO
and Zno 9sMo.020 (M= Al, Mg).

Samples Crystallite size (nm) Crystallite size (nm)

(Debye-Scherrer) (W-H plot) gnounit APF

Zn0O 38.12 62.46 0.00118 0.75502
Zno.9sAlo020  36.00 56.82 0.00118 0.75488
Zno9sMgo.020  39.14 64.49 0.00114 0.75537

UV-Vis reflectance spectra of the samples as a function of the wavelength range from
300 to 800 nm are shown in Figure 3. The entrance of the dopants into ZnO lattice may
be associated with the decrease observed in the amount of reflectance. And a further
strong decrease that was seen in the reflectance spectra after 450 nm, is linked to the
optical transitions occurring in the optical band gap.

The optical band gap Eg of ZnO values were determined by the conversion of the
reflectance values to absorbance. The Kubelka—Munk equation is used to convert the
reflectance spectra to the equivalent of absorption spectra [36, 37]:

_ (-R?
T 2R

F(R) )
F(R) and R are the equivalent of the absorption coefficient and the reflectivity,
respectively.

The band gap energy of undoped and doped samples can be determined by using the
Tauc relation [38-40]:

ahv= B(hv—E " (10)

where o is the absorption coefficient (¢ = F(R)/t and t is the thickness of the sample),
hv is the incident photon energy (hv= 1240/wavelength), B is a constant which is
related to the effective masses associated with the bands and Eg is the electronic energy
of the optical band gap. The photon energy is determined by h, the Planck’s constant
(6.626x107* Js) and v, the frequency= c/A, where c is the velocity of light (2.998x10%
m/s) and A is the wavelength of light. The value of n = 1/2, 3/2, 2 or 3 depending on the
nature of the electronic transition responsible for absorption, which is 1/2 for direct
band gap material and 2 for indirect band gap material. ZnO has a direct band gap, thus
in Equation, n = .

The curve of (ahv)? vs. hvfor ZnO was plotted, as shown in Figure 4. The optical
band gap Eg of all samples was determined from the intercept of the linear portion of
the curve (ahv)? to y = 0 and was found to be 3.16 eV, which is lower than the band
gap of bulk ZnO materials (3.37 eV). This suggests that the optical band gap of ZnO
semiconductor depends on the synthesis method used. The optical band gap increases
from 3.16 eV to 3.25 and to 3.21 eV for Al and Mg doped ZnO, respectively. These
results are listed in Table 3. The decrease in the crystallite size may be the cause of this
increase in the optical band gap of the samples.
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Figure 3. Reflectance spectra of undoped, Al and Mg doped ZnO samples.
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Figure 4. (ahv)? versus hv for undoped, Al and Mg doped ZnO samples.

Table 3. Variation of optical band gap of undoped ZnO and Zn.9sMo.02O (M= Al, Mg).

Samples Band gap (eV)
ZnO 3.16
Zn0.98Al0.020 3.25

Z10.98Mgo.020 3.21

The vibrational mode and chemical bonding of the samples were studied with FTIR
spectroscopy. All measurements were recorded in the wavenumber range 4000 to 400
cm’! and the results are shown in Figure 5. The strong vibrational mode which was
observed in all samples at 500-550 cm™!, can be attributed to Zn—O stretching in the
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ZnO lattice. In Mg doped sample, the peak of the Zn—O band slightly shifts to a lower
wavenumber, whereas in Al doped sample, it shifts slightly to a higher wavenumber.
This shift may be associated with the change in the lattice parameters of ZnO. The
absorption bands related to CO» absorbed from the atmosphere were detected between
2150 cm™ and 1976 cm™. The band frequencies at around 2979, 2890 cm™! belong to
CHa; stretching vibration. Such bands are not considered as contamination in samples.
These vibrational bands present the existence of absorbed groups on the surface of
nanocrystals and hence may be disregarded. The peaks observed in the region 3650-
3750 cm™! corresponds to O-H stretching vibrations which indicates the existence of
water adsorbed on the surface of the samples [41-44]. Wide bands are at 703 cm™' for
Al doped sample, which attributes to the Al-O stretching vibration and does not exist in
the undoped sample.

100

95

9 -

85 |-

80 |-

% Tranmittance

75 |

70 [

\ /E —+— ZnO
B Y —+— Zn Al O
65 g —-— Zn Mg, O
o )
™ PPN R TRY PR T TN el e g g Pag o
4000 3500 3000 2500 2000 1500 1000 500

Wavenumber (cm™)

Figure 5. FTIR spectra of undoped ZnO and Zno.9sMo.020 (M= Al, Mg).

The surface morphology for undoped ZnO, Al and Mg doped ZnO samples was
investigated by SEM and displayed in Figure 6. The grains of the samples are
homogeneously distributed and hexagonal like grains were observed in all samples.
SEM images of the undoped sample reveal that grains are more closely packed and have
larger sizes when compared to the doped samples. The pores/voids between the grains
increase with doping, which may be attributed to the existence of defects due to
substitution. It is seen from SEM images that the grain size becomes smaller with Al
doping, and slightly larger with Mg doping when compared to the undoped sample.
These results are in good agreement with the particle sizes obtained from XRD.
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Figure 6. SEM images of (a) undoped, (b) Al and (c) Mg doped ZnO samples.

4. Discussion and conclusion

In this work, Zno.9sMo.02O (M= Al, Mg) was synthesized by solid state reaction method.
The effects of doping on the structural and optical properties of undoped and doped
Zn0O were studied by using XRD, UV—vis spectra, FTIR and SEM. All samples have a
hexagonal wurtzite structure without any impurity phases, as revealed by XRD patterns.
The reflectance decreases as a result of the incorporation of dopants into ZnO. The
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optical band gaps of all samples were determined from reflectance measurements. The
band gap is 3.16 eV for the undoped sample, and it increases to 3.25 and to 3.21 eV for
Al and Mg doped samples, respectively. Zn—O band shifts slightly towards to a lower
wavenumber with Mg doping and to a higher wavenumber with Al doping, as observed
from FTIR analysis. SEM images reveal that all samples have grains mainly in
hexagonal form. Also, it is shown that the grain size and grain distributions of the
samples change depending on the dopant content. Overall, the experimental results
conclude that the structural and optical characteristics such as crystal size, lattice
parameters, band gap may be modified with doping in ZnO system.
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Abstract

One specimen of the small spotted dogfish, Scyliorhinus canicula (L.) was caught with a
liver having encapsulated cysts including Anisakis spp. larvae. Tumors occurred on the
surface of the liver of this fish species, mostly. After dissection, a total of five nematod
larvae were found on surface of liver to be encapsulated. In the macroscopic
examination, liver was seen to pale and its surface was haemorhagic due to cysts
including larvae. The larvae were morphologically identified as Anisakis spp. and the
importance of such cases in small spotted dogfish in base of public health was here
pointed out.

Keywords: Small spotted dogfish, Anisakis sp., the encapsulated liver.

Marmara Denizi (Tiirkiye)’nden yakalanan kedi baligi,
(Scyliorhinus canicula (Linneaus, 1758))’nda Anisakis spp.
(Nematoda: Anisakidae) olgusu

Oz

Anisakis spp. larvalart igeren kistlere sahip karacigerli bir kedi baligi bireyi,
Scyliorhinus canicula (L.) yakalandi. Tiimérlerin en fazla bu tiriin karacigerinin
yiizeyinde olusmustu. Diseksiyondan sonra, toplam 5 nematod larvasi kapsiillii sekilde
karacigerinin yiizeyinde bulundu. Makroskobik incelemede, karacigerin soluk ve
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larvali kistlerden dolayr kanamalvydi. Larvalar morfolojik olarak Anisakis spp. olarak
teshis edildi ve kedi baligindaki béyle vakalarin halk saglhgr agisindan onemi
vurgulandi.

Anahtar kelimeler: Kedi baligi, Anisakis sp., kapsiillii karaciger.

1. Introduction

The small spotted dogfish, Scyliorhinus canicula is one of the most abundant
elasmobranchs which live in many different types of soft bottom substrates, at depths
mainly between 10-100 and up to 780 m in the the northeast Atlantic and
Mediterranean Sea [1, 2, 3]. The nematodes of the family Anisakidae were probably
first recognized in fish hosts as early as the 13, century, an occasional human disease
in 1867, and as a more common human infection between the 1950’s and 1960’s. Since
1970, eight human cases have been documented from North America [4]. A first record
of Anisakis sp. infections of S. canicula in the north-eastern Mediterranean by
Bakopoulos et al. [5]. Anisakids are marine cosmopolitan parasites which show highly
prevalent in wild fish stocks of commercial interest species. There are some metazoan
parasites of the small spotted dogfish in the world. Henderson and Dunn [6] and
Casadevall et al. [7] observed Anisakis parasites of S. canicula from Ireland. They are
usually found in high amount in the third larval stage in the abdominal cavity [8].
Anisakid nematodes are heteroxenous and their life cycles involve small crustaceans as
first intermediate or paratenic hosts, where second stage larvae (L2) mutate to L3, thus
becoming potentially infective to their definitive hosts. Anisakis spp. was determined
encysted in stomach wall from the Galway Bay with no information on pathology of
this nematode [9]. While Sanmartin Duran et al. [9] reported the prevalence of Anisakis
simplex infection of S. canicula specimens caught in the N.W. Spain, Casadeval et al.
[7] recorded quantitative data of anisakiasis in this species in the north-western
Mediterranean with prevalence, mean abundance, and mean intensity.

In Turkey, Anisakis spp. was morphologically identified in different fish species [10,
11, 12, 13]. Some reports about the pathogenic effect of larval Anisakis in fish are
correlated with the effects of the larvae to the liver and other abdominal organs of the
host [14].

To date, no work on Anisakis parasitism of S.canicula in Turkish Seas has been
published. The aim of the present case is to report the occurence and pathology of
Anisakis sp. larvae from the small spotted dogfish from the Sea of Marmara for the first
time.

2.Material and methods

Of 91 the small spotted dog fishes caught by trawl survey in Sea of Marmara, between
October 2013 and April 2014, one specimen was found its liver to be infected by
Anisakis spp. (Figure 1). Then, the parasitic nematod larvae were stored in 70% ethanol
and were examined with a stereomicroscope at x12 and x50 magnifications in
Hydrobiology laboratory. Morphological identifications of Anisakis larvae were
conducted according to Berland [15].
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Figure.l. Scyliorhinus canicula infected with Anisakis sp.(Original photo).

3. Results and discussion

A total of five larvae were macroscopically found in the abdominal cavity to be
encapsulated on surface of liver and were identified morphologically as Anisakis larvae
(Figure. 2, 3). In the macroscopic examination, liver was seen to pale and its surface
was haemorhagic with subcapsular cysts including larvae. Just below the liver capsula,
Anisakis spp. larvae having a thin cuticle were seen covered with fibrous capsula. The
nematodes were identified as larvae of Anisakis spp. Bakopoulos et al. [5] found larval
forms of of the genus Anisakis nematode under the serosa layer of the liver, stomach
and intestine of 14 S. canicula specimens caught in the north-eastern Aegean Sea. Our
findings confirm the previous study.

According to Berland [15] larval morphological features including the absence of a
ventricular appendage and an intestinal caecum are useful for the distinction between
several anisakid genera. Similarly, the identification was made according to the presence
of a long ventriculus with an oblique ventricular-intestinal junction, and absence of a
ventricular appendage and intestinal caecum. The parasite has also a rounded tail
possessing a mucron, (Figure 3) [13, 14, 16]. Some of our morphological measurements
were similar to the relevant literature (Table 1).
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Figure 2. Infestation of Anisakis sp. in viceral organs of small spotted dogfish
S. canicula specimen (Original photo).

Figure 3. Infestation of Anisakis sp. in viceral organs of small spotted dogfish,
S. canicula specimen in a different view (Original photo).

Figure 4. Posterior end of Anisakis sp. parasite found in liver of a small spotted dogfish,
S. canicula specimen (4X, Scale 0.1 millimeter) (Original photo).
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Table 1. Some morphometric measurements (mm) in third-stage larvae of Anisakis sp.

Morphological Tepe and | Yardimci et | Quiazon et. | Al-Zubaidy | Present
characters Oguz al. [14] al. [16] [17) study
[13]

Total body length | 12.05-17.64 | 12.80-24.65 | 11.10-26.78 | 12.45-22.5 12.79-
27.69

Body width 0.30-0.54 0.40-0.51 0.38-0.60 0.13-0.41 0.42-0.63

Length of | 0.69-1.78 0.98-1.87 1.04-2.11 1.302-2.98 1.02-2.14

oesophagus

Ventriculus length | 0.50-0.81 0.53-0.74 0.50-0.78 0.564-0.985 | 0.55-0.84

Tail length 0.07-0.21 0.08-0.11 0.05-0.12 0.088-0.579 | 0.09-0.13

Mucro length - 0.01-0.02 0.02-0.03 (0.015-0.022 | -

In the present study, for the first time, we reported on the morphological identification
of Anisakis larva from S. canicula and described its pathological significance in a fish
species from Turkish waters. Capsule formation around the Anisakis larva is a feature
common in the parasitic infection in the other species of fish such as whiting [18]. The
most probable larval damage is mainly caused by compression of the tissues [19, 20].
The measurements obtained in this study were harmony in the literature with small
differences (e.g. minimum and maximum values).In the present case, the lower rate of
infected small spotted dogfish (1/91) might not be assessed as a potential intermediate
host of anisakiasis for Turkish waters. It is suggested that it might penetrate into the
visceral organs of the specimen with its diet accidentally.

5. Conclusions

In Turkish coasts, fishermen either discard the captured spotted dogfish due to its low
commercial value as by-catch or remove the intestines on board, in order to sell the
cleaned fillets in the market. It is caught as by-catch, and has a moderate commercial
value in the north-west Mediterranean traditional fish markets. In spite of its rare
consumption in internal market, sharks fishery contributes to Turkey’s economy as
export fresh/chilled, frozen, topeshark fillets, dried, salted or in brine products [21].
The disposing of infected viscera into the sea of Marmara may therefore lead to parasite
loading in the fishes. It is suggested that hygien control protocols should be increased
for those areas carrying out such practices. Such protocols should also be extended to
include Turkish Seas in the future [21].

Besides, Anisakiasis is a zoonotic disease with a dramatic and serious increase in its
reported prevalence throughout the world in the last years [7, 22]. The occurrence of
Anisakis sp. larvae in the fish may be reducing the quality and be harmful for consumer.
These nematode causes human health implication and reduce the commercial value of
fish. Human can act as incidental host by ingestion of raw or undercooked infected fish.
Anisakis causes several symptoms such as stomach pain, vomiting [23], allergic
reaction [24, 25] and in humans [26]. Anisakis should be evaluated as a public health
problem by health authorities.
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Nar kabugu destekli NH>/PdMnAg katalizoru
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Oz

Bu calismada, organik atik kaynaklarindan olan nar kabugu, katalizor iiretimi icin ilk kez
dogrudan destek malzemesi olarak kullanilmistir. Amag, yenilenebilir bir enerji kaynagt
olan hidrojen iiretimi icin kullanilabilecek metal i¢eren katalizorlerde kullanilacak olan
destek maddesini dogrudan kullanarak yiiksek etkinlige sahip bir katalizor
sentezlemektir. Calisma kapsaminda toz haline getirilmis nar kabugu iizerine etanol
eklenerek, daha sonra iizerine sirasiyla belirli oranlarda (0.3 Pd (mg metal/g katalizor)),
(0.15 Mn ( mg metal/g katalizor)), (0.075 Ag ( mg metal/g katalizor)) ve 3-
aminopropiltrimetoksisilan ilave edilerek katalizor sentezlenmigstir. Son olarak, elde
edilen katalizor sodyum bor hidriiriin metanoliz reaksiyonunda hidrojen iiretiminde
kullanilmak iizere performansi test edilmistir. Yapilan deneylerde Nar Kabugu-
NH>/PdMnAg (PP-NH>/PdMnAg) katalizoriiniin farklt NaBH4 miktar: (%1, %2.5, %35,
ve %7.5), farkl katalizér miktarlar: (0.05, 0.1, 0.15, ve 0.25 g) ve farkl sicakliklarda (30,
40, 50, 60 °C) denenerek performans deneyleri tamamlanmistir. Ayrica iiretilen
katalizériin karakterizasyonu igin FTIR ve ICP-OES analizleri yapimistir. Sonug olarak
PP-NH>/PdMnAg katalizorvii tarafindan katalize edilen % 2.5 NaBH; metanoliz
reaksiyonunda 30 ve 60 °C icin reaksiyon hizlari sirasiyla 7209.4 ve 11334 mLdak g.kat
I olarak bulunmustur. PP-NH»/PdMnAg katalizoriiniin aktivasyon enerjisi ise 22,56 kJ
mol™! olarak hesaplanmistir. Yeniden kullamlabilirlik deneyleri de ayni kosullar altinda
bes kez tekrarlanmis ve her kullanimda neredeyse % 100 doniisiim elde edilmistir.

Anahtar kelimeler: Metanoliz, hidrojen, NaBH4, PPNH>/PdMnAg, kataliz, nar kabugu.
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Investigation of sodium borohydride methanolysis in the presence
of pomagranate peel supported NH,/PdMnAg catalyst

Abstract

In this study, pomegranate peel, one of the organic waste sources, was used for the first
time as a direct support material for catalyst production. The aim is to synthesize a high
efficiency catalyst using directly the support material to be used in metal containing
catalysts that can be used for the production of hydrogen. Within the scope of the study,
the catalyst was synthesized by adding ethanol on the powdered pomegranate peel and
adding certain proportions (0.3 Pd (mg metal/g catalyst)), (0.15 Mn ( mg metal/g
catalyst)), (0.075 Ag ( mg metal/g catalystr)) and 3-aminopropyltrimethoxysilane
respectively. Finally, the performance of the obtained catalyst sodium boron hydride for
the production of hydrogen by the methanolis reaction was tested. The effect of the
amount of NaBH4 was investigated with 1%, 2.5%, 5%, and 7.5% ratio of NaBH+ while
the influence of the concentration of catalyst was carried-out at 0.05, 0.1, 0.15, and 0.25
g catalysts. Four different temperatures were tested (20, 30, 40, 50 and 60 °C) to
examined the performance of the catalyst under different temperatures. In addition, FTIR
and ICP-OES analyzes were carried out for characterization of the produced catalyst. As
a result, the reaction rates for 30 and 60 ° C in the 2.5% NaBH4 methanolisation
catalyzed by the PP-NH> / PdMnAg catalyst were found to be 7209.4 and 11334 mLmin
lg cat’, respectively. The activation energy of PP-NH>/PdMnAg catalyst was calculated
as 22.56 kJ mol!. Also, reusability experiments were repeated five times under the same
conditions and almost 100% conversion was achieved with each use.

Keywords: Methanolysis, hydrogen, NaBH4, PPNH>/PdMnAg, catalysis, pomagrante
peel.

1.Giris

Fosil yakitlarin kiiresel 1sinmaya neden olan baslica etkenlerden oldugu bilinen bir
gercektir. Kiiresel atmosfer sicakligindaki artis olarak bilinen kiiresel 1sinmanin gesitli
sonuglart olmustur. Kiiresel 1sinmanin temel nedenleri arasinda fosil yakitlarin
yanmasindan kaynaklanan karbondioksit (CO2) ve karbon monoksit (CO) emisyonlarinin
neden oldugu bilinmektedir. Bu nedenle atmosferdeki karbon dioksit (CO2) ve karbon
monoksit (CO) miktarindaki artis tehdit edici bir noktaya ulagsmistir [1]. Bu yiizden diinya
artan enerji ihtiyacimt karsilayacak, dogayi tehdit etmeyecek ve strdiiriilebilirlik
acisindan yenilenebilir yeni ve temiz enerjiye ihtiya¢ duyulmaktadir [2]. Hidrojen,
karbondioksit gibi sera gazi emisyonlarina neden olmadigi i¢in gelecekteki yakit ihtiyact
icin gittikce ilgi ¢ekmektedir. Bu durumda, hidrojen gibi ¢evre dostu bir enerji
tastyicisimin  iiretilmesi  siirdiiriilebilir enerjinin elde edilmesinde 6nemli bir rol
oynayabilir [3,4]. Hidrojen, yiiksek enerji yogunlugu, toksik olmamasi ve sifir emisyonu
nedeniyle yakit hiicreleri i¢in temiz yakitlar olarak kabul edilmektedir.

Hidrojen (H2) kaynagi olarak bilinen NaBHy, toksik olmayan yapisi, giivenli depolama
ve yiiksek teorik hidrojen igerigi (agirlikca% 10.8) nedeniyle gercek uygulamalarda ideal
bir yakit olarak kabul edilmektedir. Ancak NaBH4’{in hidrolizi veya metanolizi, katalizor
kullanimin1 gerektirmektedir [5-7]. NaBH4 hidroliz reaksiyonunun diisiik sicakliktaki
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sakincalar, diisiik doniisiim kabiliyeti ve yavas reaksiyon kinetigi, arastirmacilari,
NaBHj4’lin hidrolizi yerine hidrojen {iretimi i¢in yeni ¢oziiciiler bulmaya sevk etmistir. Bu
nedenle, son yillarda NaBH4’lin reaksiyonunda su yerine, metanol kullaniminin bazi
avantajlarinin  oldugu belirlenmistir. NaBH4’lin metanoliz reaksiyonu asagidaki
denklemde gosterilmistir.

NaBH;s + 4CH;0H — NaB(OCHs)s + 4H> (1)

(1) no’lu denklemdeki NaBH4’lin metanoliz reaksiyonunun, diisiik (<0°C) sicakliklarda
bile NaBH4’iin hidrolizine kiyasla daha yiiksek katalitik performans gosterdigi
goriilmiistiir [8-10]. Ancak bu reaksiyonlarda katalizoriin Onemi katalitik aktivite
bakimindan olduk¢a onemlidir. Ciinkii bu reaksiyonlar katalizér kontrollii oldugu i¢in
reaksiyon performansi katalizor ile birebir baglantilidir. Literatiirde hazirlanan birgok
destekli katalizér mevcuttur. Kullanilan destek malzemelerine 6rnek olarak ticari aktif
karbon [11], grafen [12], karbon nanotiip [13], Al2O3 [14] ve TiO; [15] gibi bir¢ok destek
malzemesini saymak miimkiindiir. Ancak bu destek malzemelerinin bir¢ogu pahali
prosesler sonucu sentezlenmekte ve bu da katalizér maliyetini arttirmaktadir. Bunun yani
sira sodyum borhidriir metanolizi i¢in {iretilen katalizoriin veriminin yiiksek olmast,
ekonomik ve cevreci olmast da olduk¢a dnemlidir. Bu nedenle yapilan bu ¢alismada
organik atik olarak degerlendirilen nar kabugunun dogrudan kullanilmasi ¢aligmanin
Ozglnliigiinii arttirmaktadir.

Calisma kapsaminda, dogada bol miktarda bulunan organik atik malzemelerden biri olan
nar kabugu, sodyum bor hidriiriin metanolizi reaksiyonu i¢in kullanilan yiiksek verimli
katalizor elde etmek i¢in, Pd(CI)2 (30 mg Pd), MnCl».2H>0O (10.2 mg), Ag>SO4 (7,5 mg
Ag) ve 3-aminopropiltrimetoksisilan maddeleri ile etkilestirilerek bir katalizor
hazirlanmistir. Elde edilen katalizér sodyum bor hidriiriin metanoliz reaksiyonunda
kullanilmistir. Yapilan deneylerde Nar Kabugu-NH2/PdMnAg (PP-NH2/PdMnAg)
katalizoriiniin farkli NaBH4 miktar1 (%1, %2.5, %5, ve %7.5), farkl katalizor miktarlar
(0.05, 0.1, 0.15, ve 0.25 g) ve farkli sicakliklarda (30, 40, 50, 60 °C) denenerek
performans deneyleri tamamlanmustir.

2. Deneysel ¢cCalismalar

2.1. Materyel ve metot

Bu ¢aligsmada kullanilan kimyasal malzemeler ticari olarak metanol, paladyum (II) kloriir
(Pd(Cl)2), 3-aminopropiltrimetoksisilan (HoN(CH2)3Si(OCH3)3), sodyum borhidriir
(NaBH4), mangan(Il) kloriir dihidrat (MnCl,2H>0) ve glimiis siilfat (Ag>SO4) sigma
Aldrich ve Merck’den satin alinmistir. Deneysel ¢alismalarda gaz 6l¢iimii i¢in kullanilan
sistem Sekil 1°de verilmistir. Bu iinitede, genel olarak deneyler 30 °C’de 0.25 g NaBH4
iceren 10 mL’lik metanol ¢6zeltisinde 0.05 g katalizor varliginda bozundurularak zamana
bagli hidrojen iiretim miktarlar1 (HGR) dl¢iilmiistiir. Gergeklestirilen metanoliz reaksiyon
sonucu elde edilen H> gazi miktar1 zamana bagh kaydedilerek grafikleri ¢izilmistir.
Yapilan deneylerde Nar kabugu-NH2/PdMnAg (PP-NH2/PdMnAg) katalizoriiniin farkli
NaBH4 miktar1 (%1, %2.5, %S5, ve %7.5), tarkl katalizor miktarlar1 (0.05, 0.1, 0.15, ve
0.25 g) ve farkli sicakliklarda (30, 40, 50, 60 °C) denenerek deneysel caligsmalar
gergeklestirilmistir. Son olarak sentezlenen katalizoriin karakterizasyonu i¢in FTIR ve
ICP-OES analizleri yapilmistir.
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Sekil 1. Katalizér hazirlama i¢in hidrojen gazi 6l¢giim semasi ve firin sistemi semasi.

2.2. PP-NH»/PdMnAg katalizoriiniin hazirlanmasi

5 gr toz haline getirilmis nar kabugu {izerine 25 mL etanol ilave edilerek 30 dakika
ultrasonic banyoda karistirtlmistir. Daha sonra {izerine 5 mL %1 Pd(CI)2 (30 mg Pd), 10.2
mg MnCL.2H20 (15 mg Mn), % 0.21 AgSO4 (7.5 mg Ag) ve %10’luk 5 mL 3-
aminopropiltrimetoksisilan sirasiyla ayri ayri ilave edilmis ve 2 saat ultrasonik banyoda
tekrar homojenize edilmistir. Hazirlanan bu karisim 12 saat 75 °C etiivde bekletilerek, 20
mL su icerinde disperse edilmis ve 1 gr NaBHj ile indirgeme islemi gergeklestirilmistir.
Indirgenen katalizor, santrifiij (5000 rpm, 15 dk) yardimiyla su ile (3x50 mL) yikanip 100
°C etiivde kurutulmus ve elde edilen katalizor metanoliz reaksiyonlarinda kullanilmistir.

3. Optimizasyon deneyleri ve katalizor karakterizasyonu

3.1. Fonksiyonel grup analizi (FT-IR)

3-aminopropiltrimetoksisilan (a), PP-NH>/PdMnAg katalizoriine (b) ve saf nar
kabuguna(c) ait FTIR spektrumu Sekil 2°de verilmistir. FT-IR spektrumu, nar kabugu ve
PP-NH»/PdMnAg katalizorii i¢in sirastyla 3281, 3318 cm™ 'de -OH gerilmesinin genis bir
absorbans verdigi ancak 3-aminopropiltrimetoksisilan’da ise bu pikin gézlemlenmedigi
goriilmiistiir. PP-NH,/PdMnAg katalizorii ve saf nar kabugu i¢in 2929, 2927 cm™! dalga
boyu arasindaki tepe noktalarinin C—H gerilmesini gostermektedir. Nar kabugunun
karakteristik polisakkarit gruplarina sahip oldugunu belirten C-OH yan gruplarinin ve C-
O-C glikozidik bant titresimlerinin gerilmesi i¢in 1100 civarinda giiglii genis bir
absorbans verdigi goriilmektedir [16, 17]. Ayrica, 1609.48 ve 1437 cm™!'deki -COOH'un
asimetrik ve simetrik gerilmeleri, saf nar kabugundaki iironik asitle zenginlestirilmis
polisakkaritler olarak kabul edilir [18, 19]. 3-aminopropiltrimetoksisilan ait karakteristik
piklerin ( 1597 cm™ de N-H, 1190, 1037 ve 930 cm™! de Si-O-C, 1190, 780 cm™! de Si-C)
PP-NH>/PdMnAg katalizorle kiyaslandiginda Si-O-C ve Si-C titresimlerinin yogunlugu
azalirken 1597 cm™ deki N-H bag1 kaybolmustur [20, 21].
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Sekil 2. 3-aminopropiltrimetoksisilan (a), PP-NH>/PdMnAg (b) ve Nar kabugu (c) 'in
FTIR spektrumu.

3.2. ICP-OES analizi

Tablo 1'de gosterilen sonuglar saf nar kabugu ve PP-NH>/PdMnAg katalizoriin igerdigi
elementlerin ylizdesini gostermektedir. ICP-OES analizi i¢in Perkin Elmer ICP-OES
Optima 2100 DV markal1 cihaz kullanilmigtir. Sonuglara gére, saf nar kabugu dort ana
elementten (Ca, K, Mg ve Na) olusmaktadir. Buna ek olarak, diger eser elementlerin
bazilar1 Tablo 1'den goriilebildigi gibi kaydedilmistir. Hazirlanan PP-NH2/PdMnAg
katalizorii icin eklenen metaller ICP-OES analiz sonucuna goére Pd (% 0.73), Mn (% 0.03)
ve Ag (% 0.39) oranlarinda yapiya tutundugu goriilmektedir.

Tablo 1. Saf narkabugu ve PP-NH>/PdMnAg i¢in ICP-OES analizi.

Elementler Nar kabugu (%) Elementler PP/NH2PdAgMn (%)
Ag 0,00038 Ag 0,39404
Ba 0,00311 Ba 0,00037
Ca 0,36077 Ca 0,34379
Co 0,00019 Co 0,00015
Cr 0,00129 Cr 0,00020
Cu 0,00147 Cu 0,00040
Fe 0,02611 Fe 0,00346
K 0,44400 K 0,06336
Mg 0,24620 Mg 0,01709
Mn 0,00112 Mn 0,03167
Na 0,26640 Na 0,04144
Pb 0,00128 Pb 0,00075
Pd 0 Pd 0,73159
Sr 0,00855 Sr 0,00216
Zn 0,00364 Zn 0,00035
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3.3. PP-NHYPdMnAg katalizorii ile Tri-metalik PdMnAg katalizoriiniin
metanoliz reaksiyonu iizerine etkisi

PP-NH>/PdMnAg katalizort ile tri-metalik PAMnAg katalizoriiniin metanoliz reaksiyonu
tizerine etkisi Sekil 2°de verilmistir. Deneyler agirlik¢a %2.5 NaBH4’{in 30 °C’de 10 mL
metanol icerisinde 0.025 g katalizor tarafindan katalize edilmesiyle gerceklesmektedir.
PP-NH>/PdMnAg katalizoriin metanoliz reaksiyonunu tamamlama siiresi 6 dakika iken,
desteksiz tri-metalik PdAMnAg katalizoriiniin reaksiyon tamamlama siiresi 18 dakikadir.
Sekil 2°deki grafikten de anlasilacagi gibi nar kabugu ile desteklenmis PP-NH>/PdMnAg
katalizoriin desteksiz tri-metalik PAMnAg katalizoriine gore metanoliz reaksiyonundaki
etkinligin daha yiiksek oldugu acgik¢a goriilmektedir.

700

600

~500

mi (mL
N
S
S

(O8]
=]
(=]

PP-NH2/PdMnAg kat.

Hidrojen Hac
S
S

PdMnAg tri-metalik kat.

—
=]
(=]

0 5 10 15 20
Zaman (dakika)

Sekil 2. PP-NH>/PdMnAg katalizorii ve Tri-metalik PAMnAg katalizorii igcin HGR
zaman i¢indeki degisimi. (% 2,5 NaBH4, PP-NH2/PdMnAg: 0.025¢g Tri-metalik
PdMnAg : 0.025 g, T: 30 °C, metanol: 10 mL)

3.4. Farklh miktarlardaki PP-NHPdMnAg katalizoriiniin metanoliz reaksiyonu
iizerine etkisi

Katalizor etkinligi incelendiginde, aymi sicaklik ve aym1 NaBHs konsantrasyonu
varliginda farkli miktarlarda katalizor kullanilarak gerceklestirilen deneylerdeki zamana
bagl hidrojen hacmi degisimi, Sekil 3’te verilmistir. Katalizor miktarinin arttirilmast,
genellikle sodyum bor hidiirlirlin metanoliz reaksiyonu siiresini azaltirken, hidrojen
tretim hizin1 da arttirmaktadir. Sekil 3’te, ayn1 sodyum bor hidriiriin konsantrasyonuna
sahip ¢ozeltide dort farkli miktarda (0.025, 0.05, 0.1 ve 0.15 g) katalizoér kullanilarak
gerceklestirilen deneylerde reaksiyon siireleri sirasiyla yaklasik 6, 4.5, 2.75 ve 2.25
dakikada tamamladig1 goriilmektedir. Sonug olarak, sodyum bor hidriirden hidrojen
tiretim orani, kullanilacak olan katalizoriin hem cinsine hem de miktarina bagli oldugu ve
bu reaksiyonun katalizor kontrollii bir reaksiyon oldugu sdylemek miimkiindiir.
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Sekil 3. Dort farkl: katalizor miktarlart icin HGR zaman igindeki degisimi. (% 2,5
NaBHg4, katalizor: 0.025, 0.05, 0.1 ve 0.15 g, T: 30 °C, metanol: 10 mL)

3.5. Farkli miktardaki NaBH /’iin metanoliz reaksiyonu iizerine etkisi

Bu asamada, sodyum bor hidriiriin metanoliz reaksiyonunda sabit PP-NH>/PdMnAg
katalizorii miktar1 kullanilarak ve %1, %2.5, % 5 ve % 7.5 olmak tizere dort farklt NaBHy
konsantrasyonun HGR {izerindeki etkisi arastirilmis ve sonuglar Sekil 4’te verilmistir.
Grafikten de goriilecegi lizere, NaBH4 konsantrasyonunun artmasiyla reaksiyon siiresi,
reaksiyon hizi ve liretilen hidrojen miktarmin arttigi goriilmiistiir. %1, %2.5, %5 ve %7.5
NaBHj oranlar i¢in reaksiyon tamamlanma siiresi, sirastyla 3.25, 4.50, 6.25 ve 7.75
dakika iken HGR leri ise sirasiyla 3229.2, 7209.4, 9288.6 ve 11599.8 mL.dak'g.kat™!
olarak bulunmustur. Boylece, sabit sicaklik ve sabit katalizor miktar1 kullanilarak yapilan
deneylerde, hidrojen tiretim hizi ve elde edilen hidrojen miktarinin genellikle farkli
miktarlarda sodyum borhidriiriin varligina bagh oldugu goriilmektedir.

2500
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£
-
= —8—1% NaBH,
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<
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S 1000
)
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E 4
= 500
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0
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Sekil 4. Dort farkli NaBH4 miktarlart icin HGR zaman igindeki degisimi. (% 1, 2,5, 5 ve
7,5 NaBHa4, katalizor: 0.05 g, T =30 °C, metanol: 10 mL).
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3.6. Dort farkl sicaklhik degigiminin metanoliz reaksiyonu iizerine etkisi

Calismanin bu boliimiinde ise, 0.05 g PP-NH,/PdMnAg kataliz6riinlin metanoliz
reaksiyonu i¢in dort farkli sicaklikta (30, 40, 50 ve 60 °C) etkisini incelemek {izere
deneyler yapilmistir. Hem hidrojen hacmi, hem de reaksiyon siiresini i¢eren sicaklik
deneylerinin sonuglar1 Sekil 5’te verilmistir. 30, 40, 50 ve 60 °C sicakliklarda
gergeklestirilen deneyler i¢in, reaksiyon tamamlama siireleri sirasiyla 4.5, 4, 3.5, 3 dakika
oldugu goriilmektedir. Sicaklik artisinin, katalizor kontrollii sodyum borhidriiriin
bozunma reaksiyonlarinin hizimi arttirarak, stireyi kisalttigr sdylemek miimkiindiir. Bu
arada, belirtilen sicakliklarda (30, 40, 50 ve 60 °C) maksimum HGR sirasiyla 7209.4,
8689.6, 10324 ve 11334 mL.dak 'g kat™! olarak belirlenmistir.

—_
?OO —0—30°C

§400 40°C
300 50°C
)
5200 60 °C
n:1100
0
0 1 5

2 3
Zaman (dakika)

Sekil 5. Dort farkli sicaklikta HGR ’nin zaman i¢indeki degisimi. (% 2,5NaBHa,
katalizor : 0.05 g, T : 30, 40, 50 ve 60 °C, metanol: 10 mL)

PP-NH>/PdMnAg tarafindan katalize edilen NaBH4 metanolizinin aktivasyon enerjisini
belirlemek i¢in Arrhenius denklemi uygulanmis ve sonug Sekil 6’da verilmistir. Sekilden
de goriilecegi gibi metanoliz reaksiyonu i¢in Lnk’ya karsilik 1/T grafigi dogrusaldir ve
bu grafigin egiminden hesaplanan aktivasyon enerjisinin 22.56 kJ mol! oldugu
belirlenmistir. Ayrica PP-NH2/PdMnAg katalizoriiniin aktivasyon enerjisi ve maksimum
hidrojen tiretim hizi (HGR) i¢in Tablo.2’de verilen, literatiirdeki bazi katalizor ile
kiyaslandiginda birgok katalizérden istiin oldugu agikga goriilmektedir Ornegin, Co-
B/Spirulina microalgae strain treated phosphoric acid igin 3940 mLmin “'gkat "' [22],
MA-HCI-Mn 4335.3 mLmin “'gkat "' [23], SPM-H3PO4-H 3975 mLmin “'gkat *! [24],
DSCG 3171.4 mLmin “'gkat ' [25], SSMS-CH3COOH-NiB 3407 mLmin “'gkat - [26],
Co-B/Pd 2875 mLmin “'gkat "' [27], Co-Mo—Pd-B 6023 mLmin "'gkat "' [28]’den daha
etkili oldugu belirlenmistir. Bu sonucglar Tablo 2’den de belirgin bir sekilde
goriilmektedir.
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Sekil 6. PP-NH2/PdMnAg katalizoriiniin kinetik grafigi

Tablo 2. Bazi metal ve metal icermeyen katalizorlerin maksimum hidrojen tiretim
hizlarinin ve aktivasyon enerjilerinin diger literatiir verileriyle karsilagtirilmasi.

Katalizor Sl(coa (13()111( Ma;j??;fﬁgﬁgjge?a?ﬁnm Ea ( kJmol ™) Ref.
Co-B/Spirulina
microalgae strain 30 3940 3595 22
treated
phosphoric acid
MA-HCI-Mn 30 43353 8.46 23
SPM-H;PO4-H 30 3975 17.78 24
DSCG 30 3171.4 25.23 25
SSMS—CH;COOH— 30 3407 3.8 26
NiB
Co—B/Pd 30 2875 - 27
Co—Mo-Pd-B 25 6023 36.36 28
Co—Pd-B 25 2920 - 28
PP-NH»/PdMnAg 30 7209.4 22,56 Bu

calisma

3.7. PP-NHyPdMnAg katalizériiniin sodyum bor hidriiriin metanolizi tepkimesindeki

tekrar kullanulabilirligi

PP-NH>/PdMnAg katalizorii, %2.5 NaBH4 iceren metanoliz reaksiyonu deneyleri i¢in 30
°C’de bes kez tekrarlanarak, kullanilabilirligi test edilmistir ve sonug¢ Sekil 7°de
verilmistir. Her kullanimdan sonra, katalizorler, yilizeyinde olusabilecek kirleri ¢ikarmak
icin bol saf su yikanmig ve tekrar kullanilmak iizere etiivde kurutulmustur. Sekil 7°den da
goriilecegi gibi, her kullanim i¢in neredeyse %100 doniisiim elde edilirken, her
kullanimdan sonra aktivitenin kademeli olarak azaldig1 goriilmiistiir. Bunun nedeninin ise
yikama ve geri donilistim sirasinda olusabilecek katalizor kaybina bagli olarak NaBH4’{in
metanolizi i¢in yetersiz katalitik aktif alanlarin olusumu ile 1ilgili olabilecegi

diistiniilmektedir.
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Sekil 7. PP-NH2/PdMnAg katalizoriiniin tekrar kullanilabilirligi

4. Sonuclar ve tartisma

Bu calismada, dogada bol miktarda bulunan organik atik malzemelerden biri olan nar
kabugundan cesitli metaller eklenerek, sodyum bor hidriiriin metanoliz reaksiyonu i¢in
etkin bir katalizor hazirlanmistir. PP-NH2/PdMnAg katalizorii tarafindan katalize edilen
metanoliz reaksiyonunda 30 ve 60 °C i¢in reaksiyon hizlari sirasiyla 7209.4 ve 11334
mLmin g kat™! olarak bulunmustur. Ayrica, PP-NH,/PdMnAg katalizdriiniin aktivasyon
enerjisi ise 22.56 kJ mol™! olarak belirlenmistir. Yeniden kullanilabilirlik deneyleri ayni
kosullar altinda bes kez tekrarlanmis ve her kullanimda neredeyse % 100 doniisiim elde
edilmistir. Ayrica, PP-NH>/PdMnAg katalizoriinlin karakterizasyonu i¢in FTIR, ICP -
OES analizleri yapilmistir. Nar kabugundan hazirlanan PP-NH»/PdMnAg katalizoriinilin
hidrojen iiretimi i¢in NaBH4 metanolizinde oldukga etkili bir katalizor oldugu tespit
edilmistir. Atik kaynaklarin dogada bol olarak bulunmasi, diisiik maliyetli olmas1 ve bu
tiir atiklara metaller eklenerek hazirlanabilecek etkin katalizorlerin sentezi yiiksek verimli
katalizorlerin iiretilmesi agisindan 6nemli bir adim oldugu diisiintilmektedir. Bu yiizden
yesil sentez yontemi, kimyasal senteze gore daha kolay, verimli ve cevre dostu
olmasindan dolay1 bu tiir organik atiklarin katalizor tiretiminde dogrudan kullanilmasi
hem geri donlisim i¢in hem de enerji sorunlart ig¢in alternatif olabilecegi
diisiiniilmektedir. Bu nedenle, bu tiir calismalar arttirilmasi, hem organik atiklarin ytiksek
katma degerli iirlinlere doniistiiriilmesi bakimindan hem de ¢evre sorunlarini azaltmaya
katki sunacag1 diisiiniilmektedir.
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Oz

Giin igerisinde gerceklestirilen iglerin agwrligi, tekrarl ve siirekli olmasi ¢alisanlari
zorlamakta ve zamanla kas iskelet sistemi rahatsizliklarina yol acabilmektedir.
Endiistride genelde isin yaratacag: fiziksel etkileri onlemek amaciyla calismalar
vapilmaktadir. Ancak yapilan islerin ¢alisanlara fiziksel etkilerinin yaninda zihinsel
etkileri de soz konusudur. Olusabilecek performans ve verim kayiplarinin oniine
gecebilmek icin hem fiziksel hem zihinsel is yiiklerini azaltacak iyilestirmelerin
vapilmasi gereklidir. Bu ¢alismada, alternatér tiretiminde kullanilan stator sac kesim
islemi esnasinda operatorlerin ¢alisma duruglart ve zihinsel is yiikii incelenmistir.
Alternator iiretim siireci emek yogun gergeklestirilen islerden birisidir. ~Stator sac
kesim isleminde, ¢alisma durusu degerlendirildiginde ¢alisanin fiziksel olarak ¢ok fazla
zorlanmadig diistintilmektedir. Caligma durusunun ergonomik agidan uygun oldugu
diistiniilse de giin icerisinde igin siirekli tekrarlanmasimin ¢alisana fiziksel etkisinin
vanminda bikkinlik, isteksizlik ve is motivasyonu diigiikliigii gibi zihinsel etkilerinin de
olabilecegi diistiniilmektedir. Yapilan igin ¢alisanda olusturacagi zihinsel is yiikiinii
degerlendirmek i¢cin NASA-TLX yontemi kullanilmigtir. Yontemde onem agirliklarinin
belirlenmesinde ikili karsilastirma siireci yer almaktadir. Bu siirecte belirsizlikler soz
konusu oldugundan daha gergek¢i sonuglar elde etmek iizere bulanik énceliklendirme
metodu kullanimistir.  Zihinsel isyiikii boyutlarimin ikili karsilastirmast sonucu elde
edilen onem agwrliklarinin belirlenmesinde, iki akademisyen ve iki iiretim yoneticisinin
ver aldigi bir ekibin degerlendirmelerinden yararlanilmistir. Bdylece daha objektif
sonuglar ortaya konulmugtur.

Anahtar kelimeler: Tekrarlanan isler, NASA-TLX yontemi, bulanik onceliklendirme
metodu.
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GONEN OCAKTAN et al.
Mental workload perceived in repetitive works

Abstract

The weight of the work done during the day, and the repetition and continuity, force the
employees and may cause musculoskeletal disorders in time. In the industry, studies
generally are carried out in order to prevent the physical effects of the work. However,
the work done has physical effects as well as mental effects to the employees.
Improvements are needed to reduce both physical and mental workloads are required to
prevent performance and efficiency losses that may occur. In this study, the working
postures and mental workload of the operators during the stator sheet cutting process
used in alternator production were examined. Alternator production process is one of
the labor intensive works. In the stator sheet cutting process, when the working stance
is evaluated, it is thought that the employee is not having too much physical difficulty.
Although it is thought that the working posture is ergonomically appropriate, it is
thought that continuous repetition of work during the day may have physical effects on
the employee, as well as mental effects such as boredom, unwillingness and low
motivation of work. NASA-TLX method was used to evaluate the mental workload of the
work done in the employee. NASA-TLX method was used to evaluate the mental
workload of the job done in the employee. The method involves a binary comparison
process in determining the importance weights. Fuzzy prioritization method has been
used to obtain more realistic results since uncertainties are involved in this process.
The evaluations of a team composed of two academicians and two production managers
were used to determine the importance weights obtained as a result of the pairwise
comparison of mental workload dimensions. Thus, more objective results have been
revealed.

Keywords: Repeated works, NASA-TLX, fuzzy prioritization method.

1.Giris

Gilin igerisinde yapilan isler, aym1 ya da benzer hareketlerin tekrar1 ile
gerceklestiriliyorsa, bu isler tekrarlanan isler olarak tanimlanmakta ve insanlara hem
fiziksel hem de zihinsel yiik olusturmaktadir. Calisana etki eden yiikiin agirligi, yiike
maruz kalma siiresine ve sikligina bagli olarak degisen is ylkiiniin fiziksel giice baglh
olan kismu fiziksel is yiikii ile ifade edilirken hesaplama, karar verme, hatirlama ve
arastirma gibi zihinsel giice bagli olan kismi zihinsel is yuikii olarak ifade edilir. Hem
fiziksel is ylikli hem de zihinsel is ylikii ¢alisanin sagligini, performansini ve verimini,
dolayistyla da isin verimini etkiler [1-6].

Bir ¢alisanin kendisinden beklenilen bir isi uzun siire yapabilmesini saglayacak zihinsel
is yiikii seviyesini belirlemek, fiziksel is yiikii seviyesini belirlemekten daha zordur.
Fiziksel is yiikiinii calisilan saat, iretilen miktar gibi performans kriterleri ile
Olcebilirken, zihinsel is yiikiinii 6l¢ebilecegimiz bir metrik bulunmamaktadir [4].

Zihinsel 1is yiiki, fizyolojik Ol¢lim, subjektif Olciim ve goérev Olglimleri ile

belirlenebilmektedir. Subjektif oOl¢iim teknikleri esnek olmasi, fazla zaman
gerektirmemesi, ucuz olmasi ve sonuglardaki hassasiyeti nedeniyle tercih edilmektedir.
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Subjektif 6l¢iim yontemleri; Cooper-Harper Puanlama Olgegi, Ardisik Karar Olgiitii,
SWAT, Oznel Is Yiikii Ustiinliilk Teknigi, Bedford Olgiitii, Is yiikii profile, NASA Is
Yiikii indeksi’dir. NASA-TLX yontemi duyarlilik, segicilik, giivenilirlik ve uygulama
kolaylig1 gibi 6zelliklerin tiimiinii icermektedir [4, 7].

Rahman ve Sen [8] yaptiklar1 calismada, tekrarli hareketlerin is tatmini, stres,
performans ve saglik iizerindeki etkilerini arastirmislardir. Isinden memnun calisanlarin
performansinin yiiksek, memnun olmayan ¢alisanlarin performansinin diisiik oldugunu
gostermislerdir.  Weber [9], Ford Motor Sirketinin hareket yakalama teknolojisini
kullanarak montaj islemlerinin benzetimlerini yaptiklarin1 ve bdylece siirekli tekrar eden
hareketlerin ergonomik etkilerini tahmin ederek, fiziksel olarak daha az stresli isler
tasarladiklarini belirtmistir. Bommer ve Fendley [10], tekrarli islerin bulundugu imalat
stireclerinde, calisanlarin zihinsel is ylikii kullanimini ayarlayarak ¢alisan performansini
ve karliligi arttirmak icin bir yap1 ortaya koymuslardir. Mehta ve Agnew [11],
tekrarlayan omuz caligmast sirasinda zihinsel is yiikiiniin kas yorgunlugu iizerindeki
etkisini arastirmislardir.  Zihinsel is yikiiniin kas yorgunlugunu olumsuz yonde
etkiledigini ve ayn1 zamanda fiziksel is yiikii ile etkilesim icerisinde oldugu sonucuna
varmiglardir.  Yener ve ark. [6], calismalarinda is¢ilerin fiziksel ve zihinsel
zorlanmalarmi en kiigiiklemeyi ayni zamanda tiretim miktarini en biiylikleyecek is
rotasyonunu belirlemeyi amaglamislardir. Zihinsel zorlanmay1 hesaplarken NASA-
TLX yonteminden yararlanmislardir.

Riono ve ark. [12] yaptiklart ¢alismada, gemi personelinin zihinsel is yiikiiniin 6l¢timii
icin NASA TLX yontemini bulanik mantik ile birlestirerek kullanmislardir. Elde
edilecek sonucglardan gorev siiresinin ayarlanmasini, performansin iyilestirilmesini ve is
riskini azaltmay1 hedeflemislerdir. Eraslan ve ark. [13] yaptiklar1 caligmada, bir
fakiiltede gorev yapan akademisyen, idari ve teknik personelin zihinsel is ylkiini
gelistirdikleri bir 6l¢ek ile degerlendirmislerdir. Zihinsel is yiikiinii belirlemek iizere
kullanilan subjektif yontemlerde ikili karsilastirma yaparken gercek¢i sonug vermesi
icin Bulantk AHP yonteminden yararlanmiglardir. Can [14] yaptig1 calismada
endiistriyel bir yelken firmasinda zihinsel is yiikiinii belirlemek i¢cin NASA-TLX
yontemini sezgisel bulanik kiime teorisi ile birlestirerek sezgisel bulanik TLX
yontemini kullanmistir.

Bu c¢alismada, fiziksel olarak calisan1 zorlamayacagi diisliniilen tekrarli bir is ele
almmistir. Isin, yapilist ve ¢alisma durusu goéz dniinde bulunduruldugunda, ergonomik
acidan uygun oldugu diisiiniilse de tekrarli ve siirekli olmasinin yaratacagi zihinsel
zorlanmanin ne dilizeyde olacagi degerlendirilmek istenmistir. Calismada zihinsel is
yikli 6l¢iim yontemlerinden NASA-TLX yontemi kullanilmistir.  Yontemin alti
boyutunun oOncelik agirliklarinin belirlenmesinde bulanik Onceliklendirme metodu
kullanilarak belirsizligi ortadan kaldirip, daha gercek¢i sonucglarin elde edilmesi
amaclanmastir.

2.Yontem

2.1 NASA iy yiikii indeksi

NASA-TLX yontemi, is yiikii seviyesini zihinsel gereksinim, fiziksel gereksinim,
zamansal gereksinim, performans, ¢aba, rahatsizlik seviyesi olmak iizere alt1 alt boyut
1s1ginda ortaya koyan etkili bir yontemdir. Bu boyutlarin kisa agiklamalar1 ve
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degerlendirme araliklari Tablo 1’de verilmistir. YoOntemin hekimlerin [4, 15] ve
hemsirelerin [16] zihinsel is yiiklerinin belirlenmesinde, iiretim miktarini arttirmak
lizere is rotasyonu stratejisinin olusturulmasinda [6], gida iiretiminde c¢alisanlarda [17],
engelli insanlar i¢in teknoloji tabanli yardimei ¢oziimlerde [18], artirilmis gerceklik
destekli 6grenme sistemi kullanarak kati1 geometrinin 6grenilmesinde [19], proje uzmani
se¢iminde [20] ve E-ticaret sektoriinde [21] gibi bircok uygulama érnekleri vardir.

Tablo 1. NASA-TLX biligsel yiik degerlendirme boyutlar [4,22].

Boyut Degi‘:gzgirme Tanim

Zihinsel Gereksinim Diisiik-Yiiksek | Yapilan is esnasinda (anlama, kavrama, diisiinme, arama, karar

(MD:Mental Demand) verme, hesaplama, hatirlama gibi faaliyetlere) ne kadar zihinsel
aktiviteye ihtiya¢ duyuldugu ve isin kolay m1 zor mu? Sade mi
karigik mi1? olduguna dair degerlendirme boyutu.

Fiziksel Gereksinim Diisiik-Yiiksek | Yapilan is esnasinda (itme, ¢ekme, dondiirme, kontrol etme,

(PD:Physical Demand) calistirma gibi faaliyetlerde) ne kadar fiziksel aktiviteye ihtiyac
duyuldugu ve isin kolay mi zor mu? yavas mu hizli mi?
olduguna dair degerlendirme boyutu

Zamansal Gereksinim Diisiik-Yiiksek | Yapilan is esnasinda zaman baskist hissedilip hissedilmedigine,

(TD:Temporal ne kadar acele etmek zorunda kalindigina dair degerlendirme

Demand) boyutu.

Performans Iyi-Kotii Kisinin tamamladig: isle ilgili kendi performansindan ne kadar

(P: Performance) memnun kaldigima dair degerlendirme boyutu.

Caba Diisiik-Yiiksek | Isi tamamlayana kadar zihinsel ve fiziksel olarak ne kadar caba

(E: Effort) gosterildigine dair degerlendirme boyutu.

Rahatsizlik Seviyesi Diisiik-Yiiksek | Is esnasinda ne kadar sinirli, giivensiz, isteksiz hissedildigine

(F: Frustration) dair degerlendirme boyutu.

NASA-TLX yonteminde ilk asamada, alt1 alt boyutun yapilan ise etkisi; "0 (diisiik)", ile
"100 (yiiksek)" arasinda Olgiilendirilir (Sekil 1). Bu degerler agirliklandirilmamais is
yiikii degerleridir [15].

0 "Disik" 100 "Yiksek"

Sekil 1. Is yiikii puanlama skalas.

Yontemin zihinsel gereksinim boyutunda calisanin isi yerine getirirken anlama,
kavrama, karar verme gibi faaliyetleri degerlendirilirken, fiziksel gereksinim boyutunda
ise isin "kolay mi-zor mu?" oldugu ve ne kadar fiziksel aktiviteye ihtiya¢ duyuldugu
belirlenmektedir. Is yerine getirilirken zaman kisitinin ¢alisma hizima ve calisan
psikolojisine etkisi degerlendirilmektedir. Ayni zamanda isin tamamlanma siirecinde
calisanin kendi performansini olumlu yada olumsuz olarak belirlemesi de performans
olarak ortaya konulmaktadir. Caba boyutunda, ¢alisanin is ile ilgili zihinsel ve fiziksel
olarak ne kadar caba gosterdigi degerlendirilmektedir. Son boyut olan rahatsizlik
seviyesi boyutunda ise calisanin is siiresince isteksiz, sinirli, giivensiz hissetme
durumlar belirlenmektedir [6].

NASA-TLX’in ikinci asamasi alti alt boyutun kendi arasinda ikili karsilastirmasidir
(Tablo 2). Bu asamada c¢alisan yaptig1 gorevde, hangi boyutun diger boyuta gore daha
onemli oldugunu ya da kendisini daha ¢ok zorladigini belirlemektedir. Her bir boyutun
karsilagtirildigr boyuta gore baskin gelmesi siklik olarak degerlendirilmekte ve siklik
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deger toplami, toplam ikili karsilagtirma sayisina boliinerek her bir boyutun agirlig
bulunmaktadir. En yiiksek agirlifa sahip boyut algilanan zihinsel is yiikiinii en fazla
etkisi olan boyuttur. Agirliklandirilmamas is yiikii degerleri, her bir boyutun agirlig: ile
carpilarak, genel is yiikii indeksi (NASA-TLX) elde edilmektedir (Es. 1).

Tablo 2. NASA-TLX agirliklandirma dlgegi.

Zihinsel Gereksinim

Fiziksel Gereksinim

Zamansal Gereksinim

Fiziksel Gereksinim

Performans

Zihinsel Gereksinim

Rahatsizlik Seviyesi

Zamansal Gereksinim

Efor Performans

Zamansal Gereksinim | Performans

Efor Zamansal Gereksinim
Fiziksel Gereksinim Efor

Zihinsel Gereksinim

Zamansal Gereksinim

Rahatsizlik Seviyesi

Fiziksel Gereksinim

Efor

Zihinsel Gereksinim

Rahatsizlik Seviyesi

Zihinsel Gereksinim

Performans

Fiziksel Gereksinim

Rahatsizlik Seviyesi Performans
Rahatsizlik Seviyesi Efor
Zihinsel Is Yiikii = MDxW MD+PDxW PD+TDxWTD+PxWP+ExW E+FxWF (1)

Burada;

MD, PD, TD, P, E, F algilanan is yiikiiniin alt1 boyutunu

W,: x MD, PD, TD, P, E, F olmak {izere algilanan is yiikiiniin her bir boyutuna iliskin
baskin olma sikligin1 gdstermektedir [6, 22].

Elde edilen zihinsel is yikiiniin seviyesi 0-20 araliginda ise "c¢ok distk", 21-40
araliginda ise "dusiik", 41-59 araliginda ise "orta", 60-79 araliginda ise "yiiksek" ve 80-
100 araliginda ise "cok yiiksek" olarak degerlendirilmektedir. Zihinsel is yiikiiniin
yiiksek oldugu calismalarda calisanlara nasil rahat ve konforlu bir calisma ortami
yaratilabilecegi diistiniilmelidir [12].

Bulanik Onceliklendirme, klasik Analitik Hiyerarsi Prosesinin sozel ikili karsilastirma
matrislerindeki belirsizligi sayisallastirarak en iyi sonucu belirleyen kriter agirliklarinin
bulunmasinda kullanilmaktadir. Benzer bir yaklasimla bu calismada NASA-TLX
yonteminde alt boyutlarin  ikiserli karsilagtirmalarindaki  soézel  belirsizligi
sayisallastirmak ve bodylece en 1yi sonucu belirleyen 6nem agirliklarin1 bulunmasi i¢in
Bulanik Onceliklendirme Metodundan yararlanilmistir.

2.2 Bulanik énceliklendirme metodu (BOM)

Bulanik énceliklendirme metodu (BOM), amacin belirlendigi tanimlama asamasu, ikili
karsilastirmalar ile her bir kriterin agirliklarinin belirlendigi analiz asamasi ve her
kriterin 6nceliginin belirlendigi karar asamalarindan olusan bulanik analitik hiyerarsi
prosesi (BAHP) yoOnteminin, ikinci asamasinda  kriterlerin  agirliklarinin
hesaplanmasinda kullanilmaktadir. Bulanik o6nceliklendirme metodunda, amacin ve
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karar verme kriterlerinin belirlenmesinden sonra bulanik ikili karsilastirma matrisleri
olusturulur ve karar kriterlerinin katsayilar1 matematiksel modelleme ile bulunur.
Sonucun tutarli olup olmadigina bakilarak karar verilir [23].

Bulanik dnceliklendirme metodu Mikhailov ve Tsvetinov tarafindan gelistirilmistir ve
alternatif hizmet saglayicilarin  degerlendirilmesinde [24], yeralti mekanizasyon
yontemlerinin madende uygulanip uygulanamayacagmin degerlendirilmesinde [25],
maden ocaginda olusabilecek tehlike ve riskleri 6nlemek amaciyla gergeklestirilen
FMEA (hata tiirleri ve etkileri analizi) ¢calismasinda [23], iiniversite hastanesinde gorev
yapan hekimler iizerinde algilanan zihinsel is yiiklerinin degerlendirilebilmesinde [15]
kullantlmistir.

Bulanik dnceliklendirme metodunda ikili karsilastirma matrisleri (Es. 2) bulanik mantik
kurallarina gore olusturulur. Iki kriterin birbirlerine gore dnem dereceleri belirlenirken
bir alt simir degeri (I;5), bir tist stmir degeri (u;;) ve bir de gergeklesme olasilig yiliksek
deger (m;;) belirlenir. Burada wi: 1. kriterin 6nem katsayisini ifade etmektedir.

w, T Wy 1 (li2, Mg, Ugp) oo (lip, Map, Usp)

D= W W = | (L1, M21, Uz1) 1 (L2, Man, Usp) (2)
Wn Wn L, My, Loy My2, 1
o W (nyMpy un1)  (Lngy My, Unz)

Karsilastirmalarda Saaty’nin 9’lu  6lcegi  kullanilir. Ikili karsilastirma matrisi

olusturulduktan sonra BOM ile karar verme kriterlerinin énem katsayilar1 bulanik 6lcek
(Tablo 3) kullanilarak bulunur [13]. Bulanik mantik kurallarina gore yapilan ikili
karsilastirmalarda, degerler araliklarla verildigi icin hata olasili§1 azalacak ve daha
dogru sonugclara ulasilabilecektir [23].

Tablo 3. Ikili karsilastirma i¢in bulanik dlgek.

Olgek degeri Bulanik say1 esdegeri
1 L 1,1
3 2/3,1,3/2
5 3/2,2,5/2
7 5/2,3,7/2
9 7/2,4,9/2

Ikili karsilastirmalarda Chang (1996) tarafindan gelistirilen derece analizi yaygin olarak
kullanilmaktadir. Ilk olarak, karsilastirma matrisinde her bir satirin bulanik toplami (Es.
3) ve daha sonra her bir siitunun toplam1 bulunur (Es. 4). Satir toplamlar1 normalize
edilir (Es. 5).

jRaMg, = (Z7 L, Xitamy, Bt ) G)
?:1 Z}lel Mél = (Z?:l li ) ?:1 mi ) Z?:l ui) (4)

. .q—1
Si= X M), x [T, X, My ] (5)
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Normalizasyonun ardindan olabilirlik dereceleri (Es. 6) hesaplanir ve diger satirlar ile
karsilastirilarak minimum deger alinir (Es. 7). Bu degerlerin birlestirilmesi ile agirlik
vektori elde edilir (Es. 8).

1, my>2m,

V(Sy=S1) = pp,(d) = ll(i,uzll > U, -~ (6)
(my—uz)—(my—1y) ’ dlger

d'(4;) = minV(S; = Si) (7

W'=(d'(A),d'(4), ..., d'(A,))T (®)

Agirlik vektorii Es. 9 kullanilarak normalize edilir ve karar elemanlarina ait dnem
dereceleri bulunur [26].

W = (d(A1), d(4y), ..., d(Ax))" )

3. Uygulama

Calisma Balikesir ilinde bulunan jeneratdr ve alternatdr iiretimini gergeklestiren ISBIR
Elektrik Sanayi A.S.’de yapilmistir. Firmada alternator iiretim siireci degerlendirilmis
ve alternatorii olusturan 6nemli parcalardan birisi olan stator i¢in sac kesim iglemi ve bu
islemi gergeklestiren operatoriin ¢aligma duruslar1 ergonomik agidan gozlenmistir (Sekil
2). Buislem c¢alisan tarafindan manuel olarak gerceklestirilmekte ve sirasiyla kesilecek
sacin alinip prese yerlestirilmesi ve kesim isleminden sonra sacin alinip paletin iizerine
konulmasi islemlerinden olugmaktadir. Stator sac kesim islemi esnasinda; calisan
oturarak ¢aligmaktadir. Sandalye ve tezgah yiiksekligi ergonomik standartlar agisindan
uygundur. Kullanilan pres, teknoloji acisindan eski oldugu i¢in sesli ¢alismaktadir ve
ses seviyesi 103 dBA'dir. Calisan, kisisel koruyucu olarak kulaklik takmaktadir
Calisan, sacin prese yerlestirilmesi ve presten alinip palete dizilmesi esnasinda donme
hareketini kismen sandalyede donerek kismen de viicudunu hafif burarak yapmaktadir.
Yapilan is ilk bakildiginda calisan1 fiziksel olarak zorlamayacak bir is olarak
degerlendirilmektedir. Ancak isin stirekli ve tekrarli oldugu dikkate alindiginda ¢alisani
fiziksel olarak cok fazla olmasa da zorlayacaktir. Fiziksel olarak ¢ok fazla zorlanma
yaratmayacagi degerlendirilen ancak; siirekli ve tekrarl olarak, ayn1 zamanda sesli bir
ortamda gerceklestirilen bu islemin calisani zihinsel olarak zorlayacag: diisiiniilmiistiir.
Calisanda olusacak zihinsel 1s yiikiinii belirlemek tiizere NASA-TLX yontemi
kullanilmistir.
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a.sacin alinmasi b.sacin makineye c.sacin makineden d.sacin palete
yerlestirilmesi alimmast dizilmesi

Sekil 2. Stator sac kesim iglem siireci.

Calisana yontemin ilk asamasini olusturan altt boyut aciklanmistir. Yaptigi iste ne
kadar zihinsel aktiviteye ve fiziksel aktiviteye ihtiya¢c duydugu, zaman baskis1 hissedip
hissetmedigi, performansindan ne kadar memnun kaldig1, zihinsel ve fiziksel olarak ne
kadar ¢aba gosterdigi ve sinirli, giivensiz, isteksiz hissedip hissetmedigini 0 (diisiik) ile
100 (yiiksek) arasinda puanlamasi istenmistir. Caliganin alti boyut i¢in puanlamasi
Tablo 4'de verilmistir.

Tablo 4. Calisanin zihinsel is yiikii faktor puanlari.

Stator Sac Kesim Operatorii
Zihinsel Talep 70
Fiziksel Talep 85
Zamansal Talep 70
Performans 75
Caba/Efor 75
Rahatsizlik Seviyesi 30

Tablo 4'e bakildiginda, verilen puanlarin bazi boyutlar i¢in biraz yiiksek/diisiik oldugu
diistiniilmiistiir. Bunun nedeni olarak, insanlarin kendi yaptiklar isleri diger islerden
onemli gormeleri ve islerini yerine getirirken en c¢ok kendilerinin zorlandiklarini ve
emek harcadiklarin1 diistinmeleri olabilecegine karar verilmistir. ~ Objektif bir
degerlendirme saglayabilmek amaciyla zihinsel is yikii hesaplanirken NASA-TLX
yonteminde ikili karsilastirmalar i¢in, iki akademisyen ve iki {iretim yOneticisinin
degerlendirmeleri alinmistir. Akademisyen ve {iretim yoneticilerine ait ikili
karsilastirma matrisleri en ¢ok tekrarlanan puanlar dikkate alinarak birlestirilmistir ikili
karsilastirma matrisinin (Esitlik 2) olusturulmasinda, kriterlerin birbirlerine gore
iistlinliikleri belirlenirken Bulanik AHP yontemi kullanilmistir. Uzman ekip tarafindan
olusturulan ikili karsilastirma matrisi {liggensel iiyelik fonksiyonu (Tablo 3) ile
bulaniklastirilmis ve Tablo 5’de verilmistir.
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Tablo 5. Bulanik ikili karsilagtirma matrisi.

Zihinsel Fiziksel Zamansal Performans Caba/Efor Rahatsizlik
Zihinsel Talep 1, 1,1 2/7,1/3,2/5 | 2/3,1,3/2 2/3,1,3/2 2/3,1,3/2 | 2/5,1/2,2/3
Fiziksel Talep 5/2,3,7/2 1,1,1 3/2,2,5/2 3/2,2,5/2 3/2,2,5/2 2/3,1,3/2
Zamansal Talep 2/3,1,3/2 2/5,1/2,2/3 1,1,1 2/3,1,3/2 2/3,1,3/2 2/3,1,3/2
Performans 2/3,1,3/2 2/5,1/2,2/3 | 2/3,1,3/2 1,1,1 2/3,1,3/2 2/3,1,3/2
Caba/Efor 2/3,1,3/2 | 2/5,1/2,2/3 | 2/3,1,3/2 2/3,1,3/2 11,1 2/5,1/2,2/3
Rahatsizlik Seviyesi 3/2,2,5/2 2/3,1,3/2 2/3,1,3/2 2/3,1,3/2 3/2,2,5/2 1,1,1

Yontemde agirliklarin belirlenmesi asamasinda bulanik onceliklendirme yonteminden
yararlanilmastir.

[lk asamada, Tablo 5'de elde edilen bulanik ikili karsilastirma matrisinde yer alan her
bir satin bulanik toplami hesaplamir (Ornegin, zihinsel boyut igin =
1+2/7+2/3+2/3+2/3+2/5 = 3.69). Bulanik satir toplamlarindan sonra her bir siitunun
toplam1 bulunur (31 = 3.69 4+ 8.67 + 4.07 + 4.07 + 3.80 +.6.00 = 30.30).  Satir
toplamlar1 normalize edilir.

Szininsel =(3.69; 4.83; 6.57) x (1/52.73;1/39.83;1/30.30) = (0.069; 0121; 0.216)
Sriziksel =(8.67; 11.00; 13.50) x (1/52.73;1/39.83;1/30.30) = (0.164; 0.276; 0.445)
Szamansal =(4.07;5.50; 7.67) x (1/52.73;1/39.83;1/30.30) = (0.077; 0.138; 0.253)
Sperformans =(4.07;5.50; 7.67) x (1/52.73;1/39.83;1/30.30) = (0.077; 0.138; 0.253)
Scaba/Efor =(3.80; 5.00; 6.83) x (1/52.73;1/39.83;1/30.30) = (0.072; 0.125; 0.225)
Srahatsizlik = (6.00; 8.00; 10.50) x (1/52.73;1/39.83;1/30.30) = (0.113; 0.200;0.346)

ve normalizasyon isleminin ardindan olabilirlik dereceleri hesaplanir.

V(SZ>SF)=0.255  V(SZ>SZa)=0.892 V(SZ>SP)=0.892  V(SZ>S¢)=0967  V(SZ>SR)=0.563
V(SF>SZ)=1.000  V(SF>SZa)=0.392 V(SF>SP)=1.000  V(SF>S¢)=1.000  V(SF>SR)=1.000
V(SZa>SZ)=1.000 V(SZa>SF)=0.392 V(SZa>SP)=1.000 V(SZa>SC)=1.000 V(SZa>SR)=0.688
V(SP>SZ)=1.000  V(SP>SF)=0.292  V(SP>SZa)=1.000 V(SP>SC)=1.000  V(SP>SR)=0.688
V(SC>SZ)=1.000  V(SC>SF)=0.292  V(SC>SZa)=0.925 V(SC>SP)=0.925  V(SC >SR)=0.599
V(SR >SZ)=1.000 V(SR >SF)=0.709  V(SR>SZa)=1.000 V(SR>SP)=1.000 V(SR >SC)=1.000

Hesaplanan olabilirlik derecelerine gore elde edilen matriste, satirlarin en kiiclik degeri
aliarak agirlik vektorii elde edilir.

W' =(0.255; 1; 0.392; 0.392; 0.292; 0.709)
Son asamada agirlik vektdrii normalize edilir ve alt1 boyutun 6nem agirliklar belirlenir.
W = (0.08; 0.33; 0.13; 0.13; 0.10; 0.23)

NASA-TLX-BOM=70x(0.08)+85%(0.33)+70x(0.13)+75%(0.13)+75%(0.10)+30x(0.23)=66.73

Ekip tarafindan belirlenen 6nem agirliklarina ve calisan tarafindan belirlenen faktor
puanlarmma gore, stator sac kesim operatoriinlin zihinsel is yiikii %66.73 olarak
hesaplanmistir. Caligsanin {izerindeki zihinsel is yiikii “Yiiksek” tir. Zihinsel is yiikiinii
en fazla “fiziksel gereksinim” ve “rahatsizlik seviyesi” nin etkiledigi goriilmektedir.
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4. Sonug

Bu calisma, ISBIR Elektrik Sanayi ve A.S.’nin iiretim siireglerinde iyilestirmeler
yapmak tizere, calisan iizerinde olusan zihinsel is yiikiiniin belirlenmesi ve risk
olusturabilecek islerin ve i ortamlarmin yeniden diizenlenmesi amaciyla
gerceklestirilmistir. Uretim siirecleri degerlendirilerek belirlenen stator sac kesim isinin
yapilist ve calisanin ¢alisma esnasindaki ¢alisma durusu, ergonomik agidan uygun
goriilmiis ve fiziksel agidan calisani ¢ok fazla zorlamayacagi diisliniilen bu isin,
calisanda zihinsel yiik olusturup olusturmayacagn arastirilmustir. Isin  segilme
nedenlerinden bir digeri de mesai saati siiresince tekrarlanmasidir. Tekrarlanan is
olmasi nedeniyle ¢alisanda ileride kas iskelet sistemi rahatsizlig1i olusturma ihtimali
verilen yeterli sayidaki molalarla 6nlenmeye ¢alisilmistir. Ancak giin boyu ayni islemin
tekrarlanmas1  ¢alisanda  yorgunluk ve monotonluk nedeniyle isteksizlik
yaratabilmektedir.

Calisanda algilanan zihinsel is yiikiinii belirlemek i¢in, NASA-TLX yo6nteminden
yararlanilmistir.  Calisandan yaptig1 isi diislinerek yontemde yer alan alti boyutu
degerlendirmesi istenmistir.  Zihinsel is yiikii degerlendirilirken boyutlar arasinda
yapilan ikili karsilagtirmalar sonucu elde edilen 6nem agirliklarinin belirlenmesi
asamasinda uzman goriisleri alinmis ve karsilastirma isleminde bulanik 6nceliklendirme
metodu kullamlmigtir. NASA-TLX-BOM sonucunda zihinsel is yiikiinii en fazla
“fiziksel gereksinim” in ve “rahatsizlik seviyesi” in, en az da “zihinsel gereksinim” in
etkiledigi sonucuna varimistir. Fiziksel gereksinimin yiiksek bulunmasinin nedeni,
calisanin sact alip makineye yerlestirmesi, makineyi ¢alistirmasi, makineyi durdurup,
sact alip tezgaha koymasi gibi faaliyetlerin giin boyu tekrarlanmasi ve bu islemler
esnasinda siirekli oturmasi, hareketsiz kalmasidir. Rahatsizlik seviyesinin yliksek
bulunmasinin nedeni olarak, isin yapilmasi siirecinde tekrarli olmasi nedeniyle
bikkinlik, isteksizlik ve belli bir miktarda sac kesmeye calismasinin yaratacagi gerginlik
vb. gibi faktorlerin olacag: diisiiniilmektedir. Stator kesim islemi anlama, kavrama,
diisiinme, arama, karar verme, hesaplama, hatirlama gibi faaliyetleri c¢ok fazla
icermedigi i¢in zihinsel gereksinim en az etkileyen faktor olarak bulunmustur.

Calisanda olusan zihinsel is yiikiini ve az da olsa fiziksel is yiikiinii ortadan
kaldirabilmek amaciyla; stator sac kesim isleminin Oncesinde ve sonrasinda emek
yogun gerceklestirilen rotor ve rondel sac kesim islemlerinin de gerceklestirilecegi bir
makinenin tasariminin yapilmasi onerilmistir. Tasarim ¢alismalar1 devam etmektedir.
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Bu calismanin gerceklestirilebilmesini miimkiin kilan ISBIR Elektrik Sanayi A.S'ye
tesekkiir ederiz. Ayrica katkilarindan dolayr Oznur ALKAN'a tesekkiir ederiz.
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Abstract

In this research, pomegranate molasses, pomegranate sour sauces and pomegranate jams
were evaluated in terms of some physicochemical properties including
hydroxymethylfurfural, total phenolic content, antioxidant capacity and bioaccessibility.
While ascorbic acid of these products ranged between 0.89-19.78 mg 100g™, total
phenolic contents changed between 31.40-2061.10 mg gallic acid equivalent 100g™.
Antioxidant capacities of the products were determined as 34.01-2377.52 mg trolox
equivalent 100g™ with DPPH assay and 18.9-6439.0 mg trolox equivalent 100g™ with
CUPRAC assay. The bioaccessibilities regarding phenolic substance and antioxidant
capacity after simulated gastrointestinal digestion ranged between 74-247% and 53-
213%, respectively. High HMF levels, which were reflected on color and sensory
features, have indicated the necessity of improving the production and storage conditions.
On the other hand, the highest ascorbic acid, total phenolic content and antioxidant
capacity of pomegranate molasses and the bioaccessibility of pomegranate jams in terms
of antioxidants showed the importance of consumption of these products in the daily diet.
So, this study can be regarded as a case surveillance study that can be used by producers,
nutritionals and authorities to make assessments on manufacturing conditions, consumer
health and nutrition.

Keywords: Pomegranate, antioxidant capacity, polyphenols, HMF, bioaccessibility.
Bazi nar iirlinlerinin antioksidan 6zellikler
ve in-vitro biyoerisilebilirlik agisindan degerlendirilmesi
Oz

Bu ¢alismada, nar eksisi, nar eksili sos ve nar regelleri hidroksimetilfurfural, toplam
fenolik madde, antioksidan kapasite ve biyoerisilebilirligi de kapsayacak sekilde bazi
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fizikokimyasal ézellikler yoniinden degerlendirilmistiv. Uriinlerin askorbik asit icerigi
0.89-19.78 mg 100g” arasinda degisirken, toplam fenolik madde miktarlar: 31.40-
2061.10 mg gallik asit esdegeri 100g” arasinda saptanmistir. Uriinlerin antioksidan
kapasiteleri DPPH yéntemi ile 34.01-2377.52 mg troloks esdegeri 100g”; CUPRAC
metodu ile 18.9-6439.0 mg troloks esdegeri 100g” arasinda belirlenmistir. ~ Simiile
edilmis gastrointestinal sindirim sonrast fenolik madde ve antioksidan kapasiteye iliskin
biyoerisilebilirlik degerleri sirasiyla %74-247 ve %53-213 arasinda degisim
gostermigstir. Renk sonuglart ve duyusal ozelliklere yansiyan yiiksek HMF seviyeleri,
tiretim ve depolama kosullarinin iyilestirilmesi gerektigini ortaya koymustur. Diger
taraftan, nar eksilerinin yiiksek askorbik asit, toplam fenolik madde igerigi ile antioksidan
kapasitesi; nar regellerinin ise antioksidanlar agisindan yiiksek biyoerisilebilirlige sahip
olmasi, bu tirtinlerin giinliik diyette tiiketiminin onemini géstermistir. Sonug olarak, bu
calisma iireticiler, beslenme uzmanlar: ve diger otoriteler tarafindan iiretim kosullari,
tiiketici sagligi ve beslenme ile ilgili degerlendirmelerde kullanilabilecek bir durum tespit
calismast olarak degerlendirilebilir.

Anahtar kelimeler: Nar, antioksidan kapasite, polifenoller, HMF, biyoerisilebilirlik.

1. Introduction

The pomegranate belongs to the genus Punica of the Punicaceae family and the most
important species is Punica granatum L. [1]. The bioactive compounds of this fruit
(punicalagin, ellagic acid, gallic acid, ellagitannins, and gallotannins) exhibit functional
and therapeutic properties such as antioxidant, antiviral, anticancer, antibacterial,
antidiabetic, antineoplastic, antihyperlipidemic and play a role in the prevention of many
diseases [2, 3].

Recent studies showed a higher antioxidant activity of pomegranate juice than red wine
and grape, apple, blackberry, cornelian cherry, blueberry juices regarding its high
phenolic content [4, 5]. So the edible portion of this favorite fruit can be consumed fresh
or processed into different products with a long shelf life such as jam, juice, molasses,
sour sauces, leather or wine. It is also used as a sweetener or colorant in food formulations

[6].

Sour pomegranate varieties (with 2-3 pH), which cannot be consumed as tableware, are
pressed, clarified, then concentrated to minimum 68 brix for pomegranate molasses
production [7]. This is a product with high nutritional value and contains at a significant
level of minerals (K, P, Mg, Ca) and phenolics [8]. Pomegranate sour sauce dissimilarly
contains pomegranate syrup, water, pomegranate aroma, acidity regulator (citric acid),
colorant and preservative [9]. Pomegranate jam is a kind of another product obtained by
adding some sugar, pectin, citric acid on the arils and concentrating to a certain level of
brix. Pomegranate jam, pomegranate molasses and pomegranate sour sauce are
concentrated products that are subjected to long term heat treatment during their
production. As well as commercial production, adulterations can be made to these
products with inappropriate production and storage conditions. In this sense, it is
important to carry out studies on checking the composition of pomegranate products.

Recent studies have mainly focused on the composition of pomegranate juice,
pomegranate molasses, clarification of pomegranate juice, pomegranate juice powder
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production, bioactive components of pomegranate arils, peel and seed oil [10-12]. There
is a limited number of studies on pomegranate products and their bioactive potentials [13,
14]. In addition, there is not enough research in the literature about the changes in the
functional properties of pomegranate products in gastro-intestinal track. There are some
studies on the bioavailability of only ellagic acid found in the pomegranate [15]. In this
study, it is aimed to assess some physicochemical and biochemical properties of
pomegranate products belonging to different commercial brands. The ascorbic acid,
hydroxymethylfurfural, antioxidant capacity, total phenolic content of these products
were analyzed within this scope. In order to evaluate the functional aspects, the
bioaccessibilities of phenolic content and antioxidants after in-vitro gastrointestinal (GI)
digestion were also determined. It is thought that this research will give an information
about the reliability of these products and provide up-to date data for further studies.

2. Materials and method

In this study, commercially available pomegranate molasses (PM), pomegranate sauces
(PS) and pomegranate jams (PJ) with two different brands (encoded as 1 and 2) were used
with three replications. Attention was paid to the purchase products with closer
production dates.

2.1. Chemicals

All reagents were in analytical grade. TPTZ (2,4,6-Tris(2-pyridyl)-s-triazine) and bile
salts were purchased from Fluka (Switzerland). Trolox ((%)-6-Hydroxy-2,5,7,8-
tetramethylchroman-2-carboxylic acid), neocuproine (2,9-dimethyl-1,10-
phenanthroline), DPPH (2,2-diphenyl-2-picrylhydrazyl), methanol, sodium carbonate,
gallic acid, oxalic acid, sodium bicarbonate and sodium hydroxide were obtained from
Sigma Aldrich (MO, Germany). Pepsin, pancreatin, Folin-Ciocalteu reagent, 2,6
dichlorophenol indophenol, copper (II) chloride, ammonium acetate and hydrochloric
acid were supplied from Merck (Darmstadt, Germany).

2.2. Physicochemical analysis

The pH values of pomegranate products were measured with Sartorius Basic PB-11
model pH meter [16] and the amount of water-soluble dry matter (WSDM) content (brix)
were determined with RA-500 KEM model refractometer [17]. Total acidity was
analyzed by potentiometric method in diluted samples [18]. The color of the samples (Z,
a, b, Chroma, hue angle) were measured with CR Konica Minolta CR-5 model device
[19]. Ascorbic acid content was determined by Shimadzu UV 1208 spectrophotometer
by using 2-6, dichlorophenolindophenol dye solution [20]. In HMF analysis, the
absorbance of the red color formed by the reaction of clarified samples with p-toluidine
and barbituric acid was determined at the wavelength of 550 nm [21].

2.3. Total phenolic content

Total phenolic content was determined using Folin-Ciocalteau reagent. The products
were diluted with pure water at a certain concentration to obtain absorbance in the range
of the calibration curve. Then, 1 mL of Folin-Ciocalteu reagent (1:3) was added to 1 mL
of diluted sample, and after 5 minutes, 2 mL of 35% saturated sodium carbonate (Na,COs3)
was added to the mixture. In the final stage, 2 mL of distilled water was added and the
test tubes were vortexed (Vortex Mixer Classic, Velp Scientifica, Italia). The mixture
was allowed to stand for 30 min in the dark and blue color formed is measured at 700 nm
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against the control sample. Results were expressed as milligram gallic acid equivalents
(GAE) 100g™! WSDM [22].

2.4. Antioxidant Capacity

The antioxidant capacity (AC) of pomegranate products was measured by DPPH assay
(2,2-diphenyl-1-picrylhydrazyl) [23] and CUPRAC (cupric ion reducing antioxidant
capacity) method [24]. According to the literature, both of these methods were used to
determine the AC of pomegranate, so these methods were chosen.

In DPPH method, diluted pomegranate products were mixed with DPPH radical (6 x 10°
M) and the reaction mixture was allowed to stand for 30 min at 25°C in the dark.
Absorbance of the reduced radical and control sample was measured at 515 nm using
methanol as a blank. Antioxidant capacity was expressed as the percentage inhibition of
DPPH radical and determined by the following equation [25];

Abs control—Abs sample

AC (%) =

x 100 (1

Abs control

A trolox calibration curve (R’=0.9951) was obtained by measuring the reduction in the
absorbance of DPPH solution in the presence of different concentrations of trolox (10-
100 pmol L"). The results as mg trolox equivalent (TE) 100g™! of WSDM were calculated
using this curve.

Estimation of cupric ion reducing antioxidant capacity was achieved based on the method
of Apak et al. [26]. 3 mL of CUPRAC solution [1 mL of 1 x 102 M copper (II) chloride
+ 1 mL of 7.5 x 10 M neocuproine + 1 mL of 1 M ammonium acetate] was added to 1
mL diluted sample. Then final absorbance of green color was measured at 450 nm after
waiting 30 min in the dark. Calculation of antioxidant capacity was done as mg trolox
equivalents (TE) 100g™! of WSDM by using calibration curve (R*=0.9978).

2.5. In-vitro digestion procedure

An in-vitro digestion enzymatic extraction method, slightly modified version of the one
described by Vitali et al. [27], that mimics the conditions in the GI tract was used to
measure the bioaccessibility of antioxidants and total phenolics. The simulation of GI
conditions using commercial digestive enzymes (pepsin and pancreatin) is a widely used
method for specifying the potential availability of bioactives. Briefly, 10 mL of distilled
water and 0.5 mL of pepsin (20 g L' in 0.1 mol L' HCI) were added to 0.5 g of sample,
pH was adjusted to 2 using 5 mol L' HCI and sample was incubated at 37 °C in a shaking
water bath (Memmert WNB 22 model) for 1 h. Simulation of gastric digestion was
stopped by the addition of 1 M NaHCOs (to adjust pH to 7.2). 2.5 mL of bile/pancreatin
solution (2 g L™! of pancreatin and 12 g L! of bile salt in 0.1 M NaHCO3) and 2.5 mL of
NaCl/KCl (120 mmol L NaCl and 5 mmol L' KCI) were added to the samples and
simulation of intestinal digestion was conducted for the following 2 h at 37 °C. Samples
were centrifuged (Sigma 3K30 model) at 3500 rpm for 10 min and the supernatant was
used for the analysis. After gastric and intestinal digestion, digested samples were used
to determine the bioaccessibility of antioxidants and phenolics as described above. In-
vitro bioaccessibility was calculated as the percentage of antioxidant capacity and total
phenolics of digested and undigested concentrations.
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2.6. Sensory analysis

The products were evaluated based on color, odor, appearance, consistency, taste and
flavor by a panel comprising 10 panelists. The evaluation was done using 5-point
structured scales, 5 being the best and 1 the worst quality [28]. The results were
interpreted on average scores.

2.7. Statistical analysis

The experiment was conducted in a completely randomized design with three
replications. The results were statistically evaluated by one-way analysis of variance
(ANOVA) using the JMP software package version 7.0.1 (SAS Institute Inc. NC, 27513).
When significant differences were found (p<0.05), the Least Significant Difference
(LSD) test was used to determine the differences among means.

3. Results and discussion

The highest pH values and so the lowest total acidity levels were seen in jams as seen in
Table 1. According to Turkish Standardization Institute (TS 4953) PM standard, the total
acidity and brix values of PM is at least 7.5% and 68%, respectively [29]. While the brix
values of the samples were in accordance with the standard, the total acidity of the PM 2
sample was determined below the standard. Karabiyikli et al. [30] found the pH values
and total acidity of commercial PM between 2.51-2.64 and 12.6-18%, respectively. In
the same study, the pH values and total acidity of PS were determined as 2.33-2.68 and
8.6-9.3%. Metin [9] found the pH values of PM and PS between 2.7-3.0 and 1.74-2.62,
respectively. The pH, brix and total acidity (in citric acid) values were reported as 1.71-
2.96; 62.40-75.00 g 100g™! and 4.70-9.73 g 100g™! in commercial PM by Akpinar-Bayizit
et al. [31]. In another study, total acidity of homemade and two different brands of
commercial PM were determined as 1.92 g 100g™!, 3.2 g 100g™! and 3.52 g 100g™! [10].
The results obtained from this study were substantially consistent with the literature data
and it was thought that the possible differences were mainly due to the raw material and
process conditions.

Abid et al. [14] reported the pH of the PJ prepared with different concentrations of sugar
and low methoxyl pectin between 2.70 and 3.11. Ustiin and Tosun [32] suggested that
the required pH range is 3.0-3.5 in order to form a good gel and provide flavor balance in
the jams. According to the Turkish Food Codex (2006/55), it was stated that the pH of
traditional jam and extra traditional jam should be between 2.8-3.5. In this study, pH
values of PJ were determined at these intervals. As known pectin gel is formed in the
presence of at least 68% soluble dry matter in jams [33]. In relation to this, Abid et al.
[14] determined dry matter of PJ between 59.8% and 66.5% manufactured by using
pomegranate peel powder instead of pectin. A limited number of studies are available in
the literature on PJ and it is thought that the differences between the results can be based
on the composition of the fruit, recipe and process conditions.

While the highest amount of ascorbic acid (vitamin C) was determined in PM 2, the
lowest value was found in PJ 1 (Table 1). The antioxidant capacity of PM 2 sample was
found to be higher in accordance with high ascorbic acid content (Figure 2). The high
HMF content of PJ 1 refers to inappropriate process conditions and this could cause a loss
in ascorbic acid content. Eyigiin [34] and Kamal et al. [35] determined the ascorbic acid
contents of PM samples between 0.02-0.19 g L™! and 0.154-0.250 g 100g™! respectively.
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The results of Eyigiin [34] were consistent with our results, while the results of Kamal et
al. [35] were found to be higher. This may be due to differences in raw material,
production parameters and analysis methods.

PJ 1 and following PS 2 had the highest HMF level in concentrated pomegranate products.
The contribution of sugar, added during the production process, to HMF formation has
been revealed in PJ and PS samples. Incedayi et al. [36] and Metin [9] reported the
amounts of HMF in PM between 18.56-1542.98 mg kg™ and 91.10-11485.70 mg kg™'.
This value was found to be 41-151.9 mg kg! in PS [9]. Eyigiin [34] produced PM under
vacuum and atmospheric pressure using Hicaznar variety pomegranate and determined
the HMF values of both products between 7.70-190.99 mg L and 184.39-1380.64 mg L-
!, respectively. In the same study, HMF values of homemade PM were consumedly
increased and found between 506.74 and 3266.35 mg L. The amount of HMF in
concentrated pomegranate products mainly varies according to the concentration
technique (under atmospheric pressure or vacuum) and composition (pH, dry matter,
reducing sugar and so on) [37]. Additionally, improper conditions and long times of
storage may increase post-production HMF levels in these products [9]. Sabanci et al.
[38] reported 2.70-5.4 mg L' HMF in vacuum evaporated and ohmic heating assisted
vacuum evaporated pomegranate juice concentrates (40 brix). Also, Karaca [39] found
that HMF level of concentrated pomegranate juice in 55-60 brix increased by about 92%
compared to pomegranate juice.

The upper amount of HMF for PM is limited to 50 mg kg™ according to Turkish Standards
Institute (TS 4953). While PM 1 was complied with the standard, PM 2 had an undesirable
HMEF level. In previous studies on PM, it was remarkable that HMF contents differ and
were mostly above the standard [9, 34, 36]. There is no arrangement with respect to PS
and so any evaluation was made for HMF values of this product. Metin [9] determined
the HMF content of commercially produced PM in the range of 41-151.90 mg kg™! similar
to this study. PS and PJ contain glucose syrup, water, pomegranate aroma, acidity
regulator (citric acid), coloring and preservative, unlike PM. The differences in the HMF
levels of PM and PS may be due to differences in production methods and inputs.

3.1.Color

While the L, a, b and chroma values were highest in PM 1, the lowest color values were
determined in PM 2 (Table 2). This indicates that PM 1 has a lighter red color and higher
color intensity than the other commercial products. The low HMF value of this product
was also showed the lowest undesirable change in the original color. The color tone (4°)
was higher in PM 2. The degradation of anthocyanins and the formation of polymeric
oxidation products cause the product color to change to yellowy-brown color over time,
resulting in a complete variation in color values. The /#°value of PM 2 was thought to be
high due to the brown colored pigments formed during the heat process [40].

Yilmaz et al. [41] found the L, a and b values of commercial PM in order of 1.88, 2.30,
2.39, whereas Kaya and Sozer [42] found the same values of the pomegranate juice
concentrate (71° Brix) as 5.54,0.57, -0.31, respectively. It was thought that the difference
between the results varied depending on the raw material and process conditions. Abid
etal. [14] stated the L, a and b values of PJ samples prepared with different concentrations
of fruit, pectin and sugar between 31.82-51.61, 8.15-14.57 and -0.55-4.97, respectively.
In parallel with our results, it was detected by Garrido et al. [43] that the longer
concentration time of the jam samples with higher fruit content was caused to darkening
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of the samples with non-enzymatic browning reactions. In addition, Kopjar et al. [44]
presented that different pectin sources and concentrations directly affect the color of the
products. Based on this information, factors as pomegranate ratio, pectin concentration
and degree of esterification, concentration parameters (temperature and time), storage
temperatures efc. could be the causes of differences in color values of PJ samples.

3.2. Total phenolic content and antioxidant capacity

The total phenolic content of the PM 2 was remarkably about 7 times higher than that of
the PM 1 (Figure 1). This difference may be due to the phenolic level of the raw material
and the process parameters. The higher brix value of PM 1 could have a greater loss of
phenolic content due to prolonged heat treatment. The jams may also have a lower
phenolic content than PM in as much as their high concentration and reaction of the
Maillard reaction by-products by Folin Ciocalteu reagent [45].

In previous studies, the results of phenolic substances of PM were found as 2.74 mg GAE
/ g [46], 118.28-828.15 mg GAE g [31], 52.6 mg GAE g [41], 551.61-9695.17 mg
GAE kg! [36]. In this study, total phenolic content of PM samples varied between 0.23-
15.21 mg GAE g! on fresh weight and so accorded with the results of Incedayi et al. [36]
and Oztan [46]. The difference with others may be the result of extraction methods and
dissimilarity of the composition of the raw material.

The antioxidant capacity results of CUPRAC method were higher than DPPH assay
(Figure 2). In parallel, Kogak [47] found higher antioxidant capacity values of strawberry
jam samples in CUPRAC method. The antioxidant capacity of PS 1 could not be detected
in DPPH method at the common dilution rate. It was found to be higher in PM 2 than the
other products with both methods. The antioxidant ascorbic acid level and total phenolic
content of the same sample were also observed to be similarly high (Table 1 and Figure

).

Oztan [46] and Akpinar-Bayizit et al. [31] found the antioxidant capacity of the PM by
DPPH method as 54.8 pmol TE g™ and 560.23-1885.23 umol TE g!, respectively. In this
study, antioxidant capacity values of PM and PS (in DPPH method) varied between 1.25-
70.10 umol TE g'! on fresh weight. Among these results, only PM 2 sample (70.10 pmol
TE g sample) with the highest antioxidant capacity was found closer to the result
obtained by Oztan [46]. Differences between the results of the other study and this study
could be explained by the extraction method or type and concentration of solvent as well
as the properties of the raw material and so the product.

In general, the antioxidant capacity of jams with low phenolic and ascorbic acid contents
was determined lower. Poiana et al. [48] showed a significant loss of antioxidant capacity
with thermal treatment in jam production. Mena et al. [49] stated an increment in
punicalagine with a high antioxidant effect and a decrement in the other bioactive
components such as ellagic acids (free and glycoside forms) with heat treatment. The
high antioxidant capacity of PM 2 could be related with the increase in bioactive
components during the heat treatment or the antioxidant content of the raw material.

The differences in the composition, heat treatment parameters (temperature and time),

production methods, storage conditions etc. could be affected the total phenolic content
and antioxidant capacity of these concentrated products [39].
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3.3. In-vitro bioaccessibility

As known, the biological action and health effects of phenolic compounds rely on the
consumed amount and their bioaccessibility which is defined as the quantity of an
ingested food constituent that is available for absorption in the gut after digestion [50,
51]. At this point, it is essential to comprehend the bioaccessibility of antioxidants
because phytochemicals must be previously available to exert their biological activities
[52].

Antioxidant capacity values of all samples could not be determined after simulated GI
digestion by DPPH assay in this study. DPPH radical is a reagent with a limited effect
on biological mediums due to its structure [53]. Therefore, it was thought that the reaction
of the pomegranate samples with the DPPH radical could not be sufficient because of the
changes in the structure of the bioactive components after GI digestion.

Biological properties of bioactive components may vary during in-vitro GI digestion. It
is known that the antioxidant capacity of the phenolic compounds is significantly
dependent on the pH level as far as their chemical structures. Aglycone forms have a
higher antioxidant capacity than glycosides. Besides the presence, solubility and
antioxidant capacity of polyphenols are influenced by the interaction of other compounds
(dietary fiber, proteins, efc.) released during GI digestion with polyphenols. While
antioxidants show higher capacity in gastric phase due to acidic pH conditions, these
effects may be reduced in the gut phase. Bioaccessibilities of the constituents might be
changed according to physical properties and chemical composition of the food, its
release from the food matrix, possible interactions with other food components, the
presence of suppressors or cofactors and individual digestive capacity in brief [54, 55].

The total phenolic content of the concentrated pomegranate products after simulated GI
digestion was changed between 57.93-2723.49 mg GAE 100 g' WSDM. Contrary to
others, PM 1 and PS 2 samples had a reduction of the total phenolic content after in-vitro
digestion. The in-vitro bioaccessibility of total phenolic contents of the concentrated
pomegranate samples was found to be 74-247% (Figure 3). The increase in the amount
of bioaccessible phenolics of PJ 1 was also reflected in the antioxidant capacity after
digestion (Figure 3). PS 2 had the lowest bioaccessibility in terms of total phenolic
content and antioxidant capacity. The processing conditions effect the absorption kinetics
of the food in the digestive system [56]. Kamiloglu et al. [57] notified that the high sugar
content of black carrot jam and marmalade was effective on the propagation of
polyphenols during in-vitro GI digestion. The bioaccessibility of polyphenols depends
on a variety of factors, including its digestive stability, its release from the solid food
matrix during GI, cellular uptake, metabolism and further transport in the circulatory
system. The structural changes after GI digestion affect both further polyphenol uptake
and result in a significant loss of the antioxidant capacity.

In this study, after the in-vitro GI digestion, the total phenolic content of PM 2, PS 1, PJ
1 and PJ 2 and the antioxidant capacity of PS 1, PJ 1 and PJ 2 samples (after CUPRAC
assay) were increased compared to undigested samples. This can be explained by the fact
that the cell walls become more permeable as a result of the deterioration of their structure
by the heat treatment applied during the production of foods. In this way, access to the
compounds within the cell is facilitated. Heat treatment has a positive impact on making
bioactive substances in food more accessible and increasing their extractability.
Degirmencioglu et al. [58] identified a similar increase in total phenolic content of
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vegetable juices and explained it by the metabolism of phenolics, such as hydrolysis via
deglycosylation or cleavage by esterases during GI digestion. These structural changes
could affect both their further uptake and bioactivity. As reported by Fang et al. [59],
the increase of the antioxidant capacity of the products (PS 1, PJ 1 and PJ 2) might be
explained by the increase of the total phenols. Generally, PM, PS and PJ are the products
with differences between their composition and production methods. So, it was expected
to see some differences for polyphenols present in these products during in-vitro
digestion.

3.4. Sensorial evaluation

Each pomegranate product group (PM, PS and PJ) was evaluated separately in itself in
terms of color, appearance, consistency, odor, taste and flavor as seen in Table 3. PS
contains glucose syrup, acidity regulators and colorants unlike PM, so the change in
composition affects the sensory properties of these products and consumer appreciation
as well. The astringency taste of PM, which contains nothing but pomegranate juice, was
more perceptible. The higher phenolic substances, which take charge in taste and aroma
formation and low total acidity of PM 2, caused sensory preference for this sample. Also,
PJ 1 was more acceptable than PJ 2.

4. Conclusion

The PM samples were found to have the highest ascorbic acid and phenolic contents with
antioxidant capacity. Although the samples of PM 1 and PM 2 were the same product
type, the total phenolic content of PM 2 was about 7 times higher and the antioxidant
capacity values were approximately 21 times higher in the DPPH assay and 15 times
higher in the CUPRAC assay than the PM 1. The lowest phenolic content and antioxidant
capacity were observed in PS 1.

PM 1 did not exceed the legal limit of HMF (50 mg kg™') specified by TS 4953. The
differences in the production techniques, storage conditions, heat treatment parameters,
sugar contents, pH levels, water activities etc. of these products was thought to effect the
HMF content and many other physicochemical properties. As sensorial, PM 2, PS 1 and
PJ 1 were the most appreciated products by the panelists.

The total phenolic contents of PM 2, PS 1, PJ 1 and PJ 2 were increased after in-vitro GI
digestion. The antioxidant capacity results obtained by CUPRAC method were generally
increased after digestion and the maximum increment was seen in PJ samples. This was
thought to be due to the differentiation of the antioxidant properties after the interaction
of food matrices of the products with the digestive enzymes and other chemicals under
the in-vitro digestion conditions and the increase of the release of bioactive components
from the cells. There is a limited research in the literature about the changes in the total
phenolic content and antioxidant capacity of commercial pomegranate products in in-
vitro or in-vivo digestion conditions. Therefore, the data obtained through this study will
be important for further studies on the in-vitro bioaccessibility of total phenolics and
antioxidants and the effects of these commercial products on health and nutrition.
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Table 1. The results of the physicochemical analysis of samples* (mean + standard

deviation)
pH **Titratable Brix (g 100 g')  Ascorbic acid HMF (mg kg™")
acidity (g 100 g') (mg 100 g

PM 1 1.69+0.01d  10.25+0.05a 75.17£0.33a  3.07+0.12b 9.20+3.11c¢c
PM 2 2.83£0.01a 7.14+0.05b 73.8+0.06b  19.78+0.66a  118.68+3.19b
PS 1 1.71£0.01c ~ 3.29+0.00d 72.3£0.29¢c  1.42+0.27c¢ 117.15£6.91b
PS 2 2.01£0.00b 3.73+0.01c 70.6 £0.20d  1.06+0.18c 387.32+66.36a
PJ1 3.13£0.00b  0.53+0.00a 75.3£0.03b  0.89+0.20a 479.63+£2.15a
PJ2 3.40+£0.01a 0.44+3.925e¢ 78.5+0.22a  1.65+0.26a 175.11£2.67b

* Different letters means significantly different at p < 0.05 according to the LSD test. ** Citric acid

PM: Pomegranate molasses, PS: Pomegranate sour sauce, PJ: Pomegranate jam

Table 2. Color values of samples* (mean =+ standard deviation)

L a b C*ab h°

PM 1 31.6940.00a  44.42+0.0l1a  53.79+0.02a  69.76+0.02a  50.45+0.01b
PM 2 0.00£0.00d  0.07£0.04d  -0.07+0.03d  0.10+0.05d 298'84;15 16
PS1 6.99+0.30c  26.30+0.01c  12.02+0.02¢c  28.92+0.0lc  24.56+0.05a
PS2 18.19+0.01b  32.69+0.01b  31.30+0.02b  45.25+0.02b  43.76+0.01b
PJ1 5.24+0.02a  7.18+0.02a  6.15£0.03a  9.45+0.02a  40.56+0.17a
PJ2 2.85+0.01b  3.55+0.04b  1.92£0.02b  4.04+0.04b  28.47+0.19b

* Different letters means significantly different at p < 0.05 according to the LSD test.

Table 3. Sensory analysis results of concentrated pomegranate products® (mean +

standard deviation)

Color Appearance  Consistency Odor Taste Flavor Average
PM1 4.2+0.92 4.2+1.03 3.2+1.32 3.5+1.35 3.1+1.29  3.0+£1.33 3.53
PM2  3.8+0.63 4.1+£0.74 4.1£0.99 3.6£1.43  3.6+£0.97  3.5£1.08 3.78
PS 1 3.7+0.82 4.3+0.67 4.3+0.82 3.84£0.79  3.9+0.74 3.7+1.1 3.95
PS2 3.5+1.18 4.2+0.92 3.1+1.29 3.4+0.97  3.441.07  3.3£1.06 3.48
PJ1 3.9+0.93 4.0+0.87 4.240.67 43+0.1  3.841.09  3.9+1.35 4.01
PJ2 3.4+1.13 3.3£1.00 3.7¢1.12 4.0+0.2  3.6+1.24 3.6£1.2 3.60
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Figure 1. Total phenolic content of samples.
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Figure 2. Antioxidant capacity of samples.
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Figure 3. In-vitro bioaccessibility of total phenolics and antioxidants of concentrated
pomegranate products.
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Oz

Bu ¢alismanin amaci, bilgisayar destekli egitimin (BDE) etkisini meta-tematik analiz
cercevesinde belirlemektir. Bu amagla, Yiiksekogretim Kurulu Tez Merkezi ve Google
Akademik veri tabanlarindan faydalanilarak 2009-2020 yil araliginda yapilan BDE
konulu nitel ¢caliysmalar analize dahil edilmigtir. Dokiiman incelemesine dayali toplanan
veriler icerik analizinden faydalanilarak ¢oziimlenmistir. Arastirma sonunda, BDE 'nin
akademik geligime, tutuma, teknolojiyi kullanma becerilerine etkisi ile BDE ’nin
stmrliliklarina deginen temalara ulagilmistir. BDE 'nin katkilar: noktasinda dersi sevme,
motivasyon, ilgi ve istek agisindan gelisme kaydetmeyi sagladigi ve teknolojiyi bilingli
kullanabilmeye porzitif yonde etkilerinin oldugu anlasilmistir.  Belirtilen teknik
problemler, saghk sorunlari ve bilgisayar kullanabilme yetersizligi gibi bazi
sumrliliklarina ragmen, bu ydntemle ogrenme siirecinin verimli ve istendik ydnde
surdiiriilebilecegi algilanmistir. Arastirma sonucunda sunulan bazi énerilere ek olarak
BDE’nin zaman ve mekdn sinir1 tammadan, kapsamindaki zengin icerigiyle 6grenme
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Learning by computer-based education:
A meta-thematic analysis

Abstract

The aim of this study is to determine the effect of computer-based education (CBE) within
the framework of meta-thematic analysis. For this purpose, qualitative studies on CBE
including the years of 2009-2020 are selected for the analysis by using the Higher
Education Council Thesis Centre and Google Scholar databases. The data collected
based on the document review was analyzed using the content analysis. Following the
collection of the data, the themes addressing the limitations of CBE, the effect of CBE on
academic development, attitude and technology usage skills were reached. It was
understood that CBE contributed to the development of motivation, interest, desire and
love of the lesson, and has also a positive effect on using technology consciously. Despite
some of its limitations like technical and health problems, inability to use computers, it
has been perceived that the learning process can be continued efficiently and in the
desired direction with this method. In addition to some suggestions presented as a result
of the research, CBE is thought to offer vitality and permanence to the learning
environment with its rich content without the time and place limit.

Keywords: CBE, meta-thematic analysis, academic development, attitude, technology,
limitation.

1. Giris

Yirminci yiizyilla birlikte teknolojik gelismelerin hiz kazanmasi sonucu diinyada birbirini
takip eden onemli gelismeler yasanmistir. Hayatin her alanina niifuz etmeye baslayan
teknoloji, egitim alaninda da kendisine yer bulmus ve egitim siirecine dahil olmustur.
Bilgisayarin giinliik hayatimiza girmesi yasamimizi kolaylastirmis ve giinliik
hayatimizda bilgisayar kullanim alanlarinin genislemesiyle birlikte toplumsal yasantimiz
da buna gore yon bulmustur. Teknolojik aletlerin basinda gelen bilgisayar hemen hemen
egitimin her alaninda kullanilmaya baglanmistir [1]. Ciinkii egitim siirecinde kullanilan
bilgisayar, hem 6gretmenler i¢in biiyiik bir yardimci materyal olmus hem de birden ¢ok
duyuya hitap ederek 6grencilerin dikkatini ¢ekmistir. Dolayisiyla bilgisayar kullanimi
egitimde arttk bir yontem haline gelmis ve gilinlimiizde egitim siirecinin
kacinilmazlarindan biri haline gelmistir.

Bilgisayar teknolojisi, egitim programlarinin tiim seviyelerinde dgretmen kalitesi ve
ogrenci basarilarin1  desteklemeye yardimci olan bir ara¢ olarak belirtilebilir.
Bilgisayarlar, ilk kez 1950°1i yillarda uygun programlar gelistirilmesiyle 0grenme
siirecine dahil edilmistir [2]. Egitim-6gretim siirecinde bilgisayar tek basina degil, farkli
materyallerle beraber kullanilmaktadir. Bunun yaninda bilgisayar, diger teknolojik
aletlerle birlikte kullanilarak daha etkili bir materyal haline doniisebilmektedir.
Bilgisayar, bireysel 6grenme ortami1 sunmada ve bilginin kalict olarak 6grenilmesinde
onemli bir egitsel materyaldir [3]. Dolayisiyla, bilgisayarlarin 6grenme siirecindeki
kullanim1 bilgisayar destekli/temelli 6grenme/egitim/6gretim gibi isimlerle egitimde
etkili yontemlerden biri olarak kullanilmaktadir. BDE kaynagini bireye dayandirmakta
olup amaci egitimi bireysellestirmektir [4]. Bilgisayar destekli egitim (BDE) ile ¢cocuklar,
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kendi O6grenme hizlarinda bilgiye ulasabilmekte ve 6grenme siirecinden daha fazla
faydalanabilmektedirler.  Biligsel gelisimi desteklemesi bakimindan bilgisayarlar;
cocuklarin zihinsel siireclerde daha aktif olmasini saglayarak 6grenme siirecine katki
saglayip soyut deneyimleri somutlastirmaktadir. Ayn1 zamanda bilgisayarlar, cocuklarin
zihinsel diinyalarini yaratict bir sekilde gelismesine imkan sunmaktadir [3]. BDE’de
O0gretmen temel Ogretici; bilgisayar ise ders igeriklerinin ve etkinliklerinin sunuldugu bir
materyaldir [5]. Bilgisayar araciligiyla sunulan egitim, sinif ortaminda dgretmen ve
Ogrenci arasinda bir bag kurarak egitim siirecini 6gretmen merkezli durumdan 6grenci
merkezli duruma getirmektedir [6]. Bu sayede 6grenci kendini daha yetkin hissederek
siirece daha aktif katilim saglamaktadir.

2. BDE ve 6grenme siireci arasindaki iliski

Cocuklar; yas gruplarmma gore kavramlari tanimlama, siniflandirma ve degerlendirme
islemlerini gergeklestirmektedir [7]. Okul 6ncesi donem, Piaget’e gbre islem Oncesi
donemi igerisine alan bir siliregtir. Bu donemde c¢ocuk soyut kavramlari
anlayamamaktadir. Soyut kavramlarin 6gretiminde somutlastirma, biiyiik bir 6neme
sahip oldugu i¢cin okul 6ncesi donemde bilgisayarlarin kullanilmasi1 6nemlidir [8]. Ciinki
erken cocukluk donemi, hayatin basi ve zihinsel gelisimin en hizli oldugu siiregtir [9]. Bu
donemde, cocugun zengin uyaricilara sahip bilgisayarla egitim goérmesi ¢ocuk i¢in faydali
olmaktadir. Ayrica 6grenme siirecinde cocugun yaptigi davranisa aninda doniit vermeleri
bakimindan da bilgisayarlar biiyiik bir 6neme sahiptir.  Bilgisayarlar; resim, video,
miizik, renkli grafikler ve kullanan kisiye aninda doniit vermesiyle 6grenme-6gretme
siirecini zenginlestirmektedir [10]. Ogrenme siirecinde yaptig1 davranisin dogru olup
olmadig1 konusunda bilgisayar tarafindan uyarilan 6grenci, amacina ulasmak i¢in gerekli
diizenlemeleri yapip tam bir 6grenme gergeklestirmektedir.

BDE ile ¢ocuklar mantikli diisiinmeyi kazanmakta ve kesfederek 6grenmektedir. Okul
oncesinde baglanan BDE ile ilk simiflardan itibaren ¢ocuklar programlamay1
ogrenmektedir [11]. BDE’de yaygin olarak kullanilan beceri programlar1 ¢ocuklarin
sorulara dogru veya yanlis yanit verip vermedigini gérmesini saglayarak 6z-kontrol ve
0z-degerlendirme yapabilmelerine imkan tanimaktadir [12]. Ayrica okul 6ncesi donemde
de beceri programlarinin kullanilmasi ¢ocuklara yaptigi davranis hakkinda doniitler
vermesi ve 0grenciyi 6grenme siirecinde aktif kilmasi agisindan 6nemlidir. Bu dénemde
BDE’de kullanilan yazilimlar, egitici ve 6gretici olmasinin yaninda ayn1 zamanda motive
eden, dgrenciyi aktif kilan bir yapida olmalidir [13]. Okul 6ncesi donemde, ¢ocuklar
okuma ve yazma becerilerine sahip olmadigindan BDE’de kavram ve programlarinin
gorsel uygulamalari icermesi Onem tasimaktadir [14]. Bu sebeple, hazirlanan
yazilimlarin ses ve gorseller tagimasi c¢ocuklarin egitim silirecinde kavramlar1 dogru
sekilde algilamalarina ve 6grenmelerine yardimci olacaktir.

Bilgisayar sadece sinif ortamina bagli kalmayip duvarlari asarak iletisim becerisini
destekleyen, {ist diizey diisiinme becerisini gelistirici ve Ogrencilerin karmasik
problemleri ¢ozmelerine olanak saglayan bir materyaldir [15]. [lkokullarda
bilgisayarlarin kullanimiyla 6grenilenlerin daha kalict oldugu, derslerin daha zevkli hale
geldigi, somutlagtirma yapildig1 ve hayal diinyasinin gelistigi anlagilmaktadir [16]. Okul
oncesinde oldugu gibi ilkokulda da BDE 06grencilerin biligsel ve duyussal yonden
gelisimlerini desteklemektedir. Ozellikle kalici 6grenme saglama, hayal diinyasimi
gelistirme ve dersleri zevkli hale getirme gibi 6zelliklerle BDE 6grencilerin gelisimlerine
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katk1 saglamaktadir. Diinyada Almanya, Amerika, Fransa, Hollanda, Ingiltere, isveg,
Ispanya, Japonya, Norveg ve Rusya gibi pek ¢ok iilke de bu alanda kendilerini gelistirerek
oncii duruma gelmistir [12]. Ulkemizde ise egitim- dgretim alaninda bilgisayarlar 1984
yilinda Milli Egitim Bakanliginin olusturmus oldugu komisyondan gecerek kullanilmaya
baslanmigtir. 1985 yilinda 1100 tane bilgisayar liselere dagitilmis ardindan 1989-1993
yillar1 arasinda ise daha hizli gelismeler yasanarak 2001 yilina kadar her okula bilgisayar
laboratuvari kurulmasi amaglanmistir [17]. Bu gelismeler BDE yonteminin daha yaygin
kullanilmasina imkan tanimuistir.

2.1. Alanyazinda BDE calismalar:

Ulkemizde BDE iizerine yapilan gesitli arastirmalar bulunmaktadir. Kagcar ve
Dogan [4], yapmis olduklar1 g¢alismada okul Oncesi egitimde BDE’nin roliinii
arastirmistir. BDE ve geleneksel egitim uygulanarak okul 6ncesi doneme devam eden
cocuklarin geometrik sekil ve sayr kavramlarini 6grenme basarilart incelenmistir.
Arastirmada bilgisayar destegi ile sunulan egitimin geleneksel egitimden daha basarili ve
etkili oldugu sonucuna ulagilmistir. Ancak ¢aligmada okuma-yazma bilmeyen ¢cocuklarin
bilgisayar kullanma noktasinda zorluk yasayabilme ihtimalleri ve bilgisayarda gegirilen
siire hususlarinin dikkate alinmasi gerektigi belirtilmistir. Buna ek olarak Aladag [18]
yapmis oldugu ¢alismada BDE’nin ¢ocuklarin ilk okuma-yazma becerilerini destekleyici
bir etkiye sahip oldugu sonucuna ulagmig ve Ovali [19] c¢alismasinda 8. Sinif
ogrencilerinin Tiirkge dersine yonelik basarilarinda BDE’nin etkisini inceleyerek
arastirma sonucunda BDE’nin geleneksel yonteme gore daha etkili ve basarili oldugu
sonucuna ulagilmistir. Sen [20] ise bir ortaokul 7. Sinifta miizik 6gretiminde kullandig1
BDE’nin etkili ve eglenceli oldugu, 6grenci agisindan aktiflik sagladigi sonucuna
ulagilmistir.  Sakalli’nin [21] Milli Egitim Bakanligina bagh bir ortaokulda matematik
ogretiminde bilgisayar destekli proje tabanl 6gretimle geleneksel yontemi karsilastirdigi
goriilmiistiir. Arastirma sonucunda bilgisayar destekli proje tabanli matematik egitimin
geleneksel yonteme gore 6grencilerin akademik basarilarini arttirdigi anlasilmistir. Cevik
[22] yiiriittiigli calismada kimya egitiminde farkli lise tiirlerinde gorev yapan 6gretmen
goriislerini inceleyerek arastirma sonucunda BDE’nin kimya 6gretimini kolaylastirdigina
ulasmistir.  Yapilan ¢aligmalara bakildiginda okul 6ncesi donemden yliksekdgrenime
kadar bireylerin egitimsel siirecinde bilgisayar temeli egitimin etkili oldugu sonucuna
ulasilmistir.

Uluslararasi1 alanyazin incelendiginde ise, Kulik ve Kulik [23] tarafindan BDE’nin
etkililigine iliskin yiiriitiilen bir meta-analiz ¢aligmasina rastlanmistir. Bu ¢alismada,
anasmifindan {niversite diizeyine kadar olan caligmalarin analize dahil edildigi
goriilmiistiir. Bu yontem kullanilarak islenen derslerde, sinav puanlarinin 0.30 diizeyinde
artis gosterdigi, bu sonucun basariy1 orta diizeyde, anlamli ve pozitif yonde etkiledigi
anlagilmistir. Diger yandan, Morrison ve ark. [24] ise BDE basarisiyla uygulamada
sunulan doniit ve tesvik arasindaki iliskiyi incelemislerdir. Bu caligmalarinda, 6zellikle
BDE kullaniminda 6grencilere saglanan gorev odakli tesviklerin daha etkili oldugu ve
kullanicilara saglanan geri bildirim bilgilerinin yiizeysel olarak degil, zihinsel olarak
islenmesi gerektigi elde edilmistir. Roblyer, Castine ve King [25] ise “Assessing the
Impact of Computer-Based Instruction” (BDE’ nin etkililiginin degerlendirilmesi) isimli
kitaplarinda, BDE uygulamalarinin belli kademe, 6grenci grubu ve derslerde en etkili
kullanildig1 yollarin incelenmesi gerektigini belirtmistir. BDE’nin 6grenme siirecine
sagladig1 katkilarin yani sira, bazi1 dezavantajlarinin da oldugu yapilan incelemelerden
anlasilmistir. Bu noktada, ozellikle kiiltiirel farkliliklar veya davranigsal egitim gibi
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Ogrenci tutumlarint degistirmeye ¢alisan programlarin 6gretiminde, BDE gibi online
uygulamalarin pek etkili olmayacagi, bu tarz programlarda BDE nin geleneksel yiizyiize
egitimi destekleme anlaminda etkili bir sekilde kullanilabilecegi belirtilmistir [26]. Yine
uluslararasi nitelikteki bazi calismalarda BDE’ye iliskin uygulamalarin 6grenenlerin
performansinda olumsuz etki gdstermemekle birlikte anlamli bir fark da yaratmadigi
ifade edilmistir [27, 28]. Bu nedenle, meta-tematik analiz yapilarak BDE konusundaki
nitel aragtirma sonuglarinin neler oldugu, 6grenme siirecindeki boyutlarin farkli agilar
ele alinmak istenmistir. Bu noktada, mevcut arastirmanin inceledigi nitel ¢alismalarla
bu alana ayna tutacagi, alanyazini net bir sekilde yansitarak BDE’nin ¢alismalarda
ulasilan sonuglarinmi farkli acilariyla ortaya koyacagi beklenmektedir.

3. Aragtirmanin amaci ve énemi

Teknolojik gelismelere bagli olarak egitim alaninda kullanilan yontem ve tekniklerde de
degismeler meydana gelmeye baslamistir. Bilgisayarin egitim siirecine dahil edilmesiyle
ogrenme siireci daha verimli ve etkili olmaya baslamistir. Ozellikle bireyi merkeze alan
egitim faaliyetlerinde bilgisayarin, bireyin kendi 6grenme hizinda ilerlemesine imkan
sagladigr bilinmektedir. Bu anlamda, yakindan uzaga ilkesi ve Ogrenciye gorelik
ilkelerine gore bilgisayarin egitim ortamina girmesiyle ¢ocuga yol gosterici roliiniin
ortaya ¢iktig1 anlasilmistir [19]. Bu agidan bakildiginda alanyazin taramalarinda
BDE’nin 6grencilerin basarilarini arttirmalarinin yaninda tist diizey diistinme becerilerini
destekledigi ve ezberden ziyade kavrayarak 6grenmelerini sagladigi goriilmistiir [29].
Ulusal alanyazinda BDE’ye iligkin yapilan nitel boyutlu ¢aligmalarin etkililigi katilimct
goriisleri gercevesinde ele alinmistir [30, 31]. BDE ile ilgili yapilan meta analiz
calismalar1 icerisinde ise yine bazi calismalarinin 6n planda olduguna rastlanmistir.
Ornegin, Tabuk [32] bilgisayar destekli matematik egitimi uygulamalar1 hakkinda yapilan
lisansiistii tezleri incelemistir. Cristmann [33] meta analizden faydalanarak 24 tane
calismay1 bir araya getirdigi incelemesinde BDE’nin kirsal bolgelerde zayif ancak sehirde
daha verimli oldugu sonucuna ulagmistir. Batdi1 [34] BDE ile ilgili olarak yapmis oldugu
meta analiz ¢alismasinda BDE’nin akademik basariyr arttirdi§in1 ortaya koymustur.
Biitiin bu ¢aligmalar incelendiginde, BDE’ye iliskin yapilan ¢caligmalarin meta analiz [35,
36] veya katilimc1 goriisiine dayali nitel arastirmalar [37] oldugu kaydedilmistir. Bu
bakimdan, BDE ile ilgili alanyazinda yapilmis nitel boyutlu ¢aligmalarin meta-tematik
analiz agisindan incelenerek nitel ¢alisma bulgu ve sonuglarinin birlestirilmesi 6nemli
goriilmiistiir.  Dolayisiyla, BDE’nin etkililiginin meta-tematik analiz cercevesinde
incelenmesi temel amaci baglaminda;

e BDE’nin akademik gelisime, tutuma ve teknolojiyi kullanma becerilerine etkisi
ile

e BDE’nin sinirhiliklarina yonelik degerlendirmeler yapilmistir.

4. Yontem

4.1. Arastirmanin tiirii ve deseni

Bu arastirmada BDE’nin akademik gelisime, tutuma, teknolojiyi kullanmaya katkilar1 ile
BDE’nin smirhiliklart incelenmistir.  Yapilan incelemeler, nitel desende ve katilimci
goriislerini iceren ¢alismalarin analizi ile gerceklestirilmistir. Bu amacla, dokiiman
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incelemesine dayali, metinsel icerikli calismalardan yeniden tema ve kodlar
olusturarak ¢alismalarin nitel bulgularini birlestiren bir analiz tiirii olan meta-tematik
analizden faydalanilmistir. Bu analiz tiirii ile belli bir arastirma konusunda nitel baglamda
gergeklestirilmis, dokiiman incelemesine dayali elde edilen arastirmalardaki verilerin,
ortak bir paydada toplanarak yeniden tema ve kodlar olusturulmasi ve anlamlandirilmasi
s0z konusudur [38]. Meta-tematik analiz dogrudan katilime1 goriislerine dayali olarak
gerceklestirildigi icin, gegerlik ve giivenirlik noktasinda saglam temellere dayandigi
belirtilebilir.

4.2. Analize dahil edilen calismalar

Meta-tematik analiz kapsaminda ulusal nitelikli Yiiksekdgretim Kurumu (YOK) Tez
Merkezi ve Google Akademik veri tabanlarindan yapilan taramalar ile calismalara
ulagilmistir.  Bu amacgla “Bilgisayar temelli egitim/0gretim, bilgisayar destekli
egitim/6gretim”, anahtar kelimeleriyle yapilan taramalar sonucunda uygun tez ve
makalelere ulasilmaya calisilmistir. Bu asamada, analiz i¢in belli dahil edilme kriterleri
belirlenmistir. Sekil 1’de bu kriterler ve analiz dis1 gerekgeler goriillmektedir. Moher ve
ark. [39] gelistirmis oldugu akis diyagrami1 (PRISMA) bu ¢alismada meta-tematik analiz
icin uyarlanarak sunulmustur.

E Veri tabanlar taranarak Duplikasyonlar nedenivle
= wlagilan ¢alisma savist » | Gikarilan galigmalar
= (N=290) (N=70)
=9
e
_ﬁ
U Duplikasyon sonu kalanlar
(IN=220) f
,-"/_\\ +11gisiz konu basliklar:
nedenivle toplamda
E elenen galismalar
Bashk Elemesi - > -
=T 4 (N=85)
ol Bagitk ve ozef dikkate alindigmda
yvapran elemede kalanlar
L/ MN=135) #Temel amaca uygun
olmavan zetler
Ozet Taramast o -~ gikanlmeca (IN=78)
k 4
= Ddhil edilme kriterleri, wyguniuk ve
= i or. MVEURUR #Dahil edilme
= nitelik agisimdan degerlendirilen tam . : N
5o methiler kriterlerine uymavyan
= o (N=20)
) (N=5T)

+Bilimsel ve igerik

Nitelik Degerlendirmesi > > apisindan nitelik

degerlendirmesi sonucu

vetersiz bulunan

v galigmalar (N=13)

Meta-tematil analize dahil
edilen galiymalar

N=24)

L
L

=
=
=
L]
|

Sekil 1. Meta-tematik analize dahil edilen ¢calismalarin akis diyagrama.

PRISMA diyagrami incelendiginde, belirtilen 2 veri tabanindan BDE’ye iliskin 290
caligmaya ulasildig1 goriilmiistiir. Bu ¢aligsmalarin yayim yillart araligi 2009-2020 olarak
belirlenmigtir. Bu yillar arasinda ilgili konuya iliskin ulasilan 290 g¢alismanin 70’1
duplikasyon gerekgesiyle analiz dis1 tutulmustur. Duplikasyon, bir calismanin farkli veri
tabanlarindan erisilmesiyle birka¢ kez indirilmis olmasindan kaynaklanmistir. Bu
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¢ikarimlar yapildiktan sonra geriye 220 calisma kalmistir. Kalan ¢caligmalarin 85°1 baglik
ve Ozetin i¢erigine gore yapilan incelemede elenmistir. Ciinkii bu 85 c¢alismanin baslik
olarak uygun gibi goriinlip igerik olarak arastirmanin temel amaciyla Ortiismedigi
goriilmiistiir. Tarama sonucu elde kalan 135 calismanin 6zetlerinin “uygunluk™ kriteri
acisindan degerlendirilmesiyle amaca uygun olmayan 78’i daha g¢ikarilmistir.  Bu
caligmalarin BDE’nin akademik gelisime, tutuma ve teknoloji kullanim becerilerine
etkisiyle BDE’ nin sinirliliklarint igermeyen calismalar oldugu goriilmiistiir. Geriye 57
calisma kalmistir. Elde kalan c¢alismalarin, meta-tematik analiz i¢in belirlenen dahil
edilme kriterleri dogrultusunda degerlendirilmesiyle 20’sinin katilimcilarin goriislerine
yer vermedigi, tarama/derleme tazinda calismalar oldugu goriilerek elenmesine karar
verilmistir. Kalan 37’sinin 13’1 igerik agisindan ayrintili olarak incelendiginde, yetersiz
veri sunumu ve zayif arastirma deseni gibi Ozellikler agisindan bilimsel niteligi diistik
olarak kabul edilmistir. Bu sebeple analiz disinda tutulan 13 ¢alismadan sonra arastirma
dahilinde 24 calisma kalmistir. Analize dahil edilen bu calismalardan kod olusturma
stirecinde benzer tema ve kodlari igeren ¢aligmalar analizden ¢ikarilmayip, bu calismada
sadece tema ve kodlarindan yararlanilan ¢aligmalardan (N=8) [19, 40, 41, 42, 43, 44, 45,
46] almtilar yapilmistir.

4.3. Verilerin toplanmasi ve analizi

Dokiiman incelemesinin yapildigir bu ¢alismalarda igerik analizinden faydalanilmistir.
Dokiiman incelemesi, arastiritlmasi hedeflenen olgu veya olaylar hakkinda bilgi iceren
yazili materyallerin analizini kapsamaktadir [47]. Dokiiman incelemesinde yazili
kaynaklar ele alinip incelenmektedir. Icerik analizi, arastirmada incelenen verilerin
tekrarlanabilir ve gegerli ¢ikarimlar yapmak amaciyla kullanildig: bir arastirma yontemi
olarak agiklanabilir [48]. Icerik analizinde arastirmaci oncelikle kategorileri belirler,
daha sonra bu kategoriler dnceden elde edilmis bilgi, kuram ve tecriibelere gore
sekillendirilir [49].

Meta-tematik analiz araciligiyla nitel boyutlu ¢alismalardan elde edilen veriler tema ve
kodlar seklinde ifadelendirilmistir. ilgili kodlarin olusturulmasi bilgisayar programlari
araciligiyla yapilabilecegi gibi elle (maniiel) de yapilabilmektedir [50]. Bu arastirmada
kodlar elle olusturularak gorsel sunumu Wisemapping programiyla bilgisayarda
yapilmistir. Bu kodlar, akademik gelisim, tutum, teknolojiyi kullanma becerisi ve
sinirliliklar olarak 4 tema altinda toplanmistir. Ayrica bu temalara yonelik iki veri
kodlayicist arasindaki uyum hesaplanarak (Cohen Kappa uyum degerleri) uyumun iyi
diizeyde oldugu gériilmiistiir. Bu arada analize dahil edilen ¢alismalardan, YOK Tez
Merkezi veri tabanindan ulagilmis tezler “T”, numara ve kodun alindig1 sayfa numarasi
verilerek kodlanmistir (Orn: T6- s5.64). Google akademik veri tabaninda ulasilan
makaleler ise “M”, numara ve kodun alindig1 sayfa numarasi ile kodlanmigtir (Orn: M1-
$.906). Calismalarin kodlanmis sekli, bulgularin yorumlanmasi siirecinde dogrudan
alintilar yapilirken verilmistir. Giivenirlik noktasinda yapilan alintilarin aragtirmanin
teyit edilebilirligine katki sundugu [51] belirtilebilir.

5. Bulgular
Meta-tematik analiz baglaminda bu calismada elde edilen verilerin sunumu ve
yorumlanmasi bu béliimde yapilmistir. Ulagilan temalarin dort modelle gorsellestirildigi

goriilmektedir (Sekil 2, 3, 4, 5). Bu tema basliklari: BDE’nin akademik gelisime (Sekil
2), tutuma (Sekil 3), teknolojiyi kullanim becerilerine katkilar1 (Sekil 4) ile BDE’ nin
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siirliliklart olarak belirtilebilir. Sekil 2’de sunulan gorselde BDE’nin akademik gelisime
etkisine yonelik kodlarin 6gretmen ve 6grenci ¢ergcevesinden degerlendirilerek iki alt
tema seklinde sunuldugu goriilmektedir.

Ogrencinin konunun 6ziini anlamasin salamast

Dersle ilgili n hazirlik yapilmasini saglamasi

Yaraticilhgini geligtirmesine firsat vermesi Dersi planlamasinda kolaylik saglamasi
flgi ve dikkatini gekmeye yardimei olmast Konunun pekistirmesini saglamasina yardimei olmasi
Tekrar yapabilme imkani sunma5|\ Ogrenciyi konudan haberdar etmesini saglamasi

Bireysel Ggrenmeye tesvik etmesi

Aninda bildirim/dont vermesine imkan tanimasi

BDE'nin Akademik Gelisime Etkisi
(Cikanimda bulunmasini saglamasi S— Ogrencileri yonlendirmesine imkan vermesi

Hatirlamasini kolaylagtirmast \f , . Ogretmenin drnek seceneklerini gogaltmas
.. Ogrencinin Ogretmenin; " ;
On bilgi edinmesini saglamasi — % Her an dgrenciye ulagmasini saglamasi
Anlamh Ggrenmesini sadlamasi Her yerde 6grencilere ulagma firsati sunmasi
Derste aktif katilimini saglamast Diiz anlatimdan uzak ders islemesini saglamasi
Ezbere dgrenmesine engel olmas Gorsel-isitsel iceriklerle dikkat cekmesini saglamasi
Konuyu icsellestirmesini saglamas Ogretmenin etkinlikleri esitiendirmesini saglamasi
Ders kontrolliniin dgrencide olmasi Ogrencilerin dgrenmelerini desteklemesine katki sunmasi

(z-degerlendirme yapabilmesine imkan tanimasi

Soyut kavramlan somutlaghirmasina etki etmesi

Sekil 2. BDE’nin akademik gelisime etkisi.

Sekil 2’de BDE’nin akademik gelisime etkisi temasi altinda Ogretmen ve Ogrenci
agisindan siralanan kodlar oldugu goriilmektedir. Ogretmen agisindan olusturulan
kodlardan bazilarinin “dersi planlamada kolaylik saglamasi, aninda doniit vermesine
imkan tanimasi, 6grencileri yonlendirmeye firsat vermesi, her an ve her yerde 6grenciye
ulagsma firsat1 sunmas1” seklinde belirtildigi goriilmiistiir. Bu noktada referans alinan
ifadelerden bazilar1 M1- s. 906 kodlu calismada “Temel amact yani ogrenciye
ogretmektir. Ogrenciyi derse katmak olabilir diye diisiiniiyorum.”, T1- s. 56 kodlu
calismada “Kendimi yeterli buluyorum. Cocuklara ogretilecek kavramlar: sinifta
ogrettikten sonra, bilgisayardaki etkinliklerden yararlanarak onlari destekliyorum...”
T1-s. 57 kodlu ¢alismada “Cocuklara ogrendiklerini pekistirme firsati saglayabilir...”,
T2-s. 81kodlu ¢alismada “Genelde bir¢ok ¢ocuk bilgisayari sevdiginden matematik gibi
anlagilmasi zor bir ders boylelikle daha ilgi cekici hdle geldi. Ug boyutlu cisimleri
aklimizda canlandirmamiz zor oldugu igin anlamakta daha énce sikinti yasiyorduk ama
bilgisayar destekli 6gretimde bu sikinti ortadan kalkmis oldu” bigcimindedir. BDE’nin
ogretmenlere sagladig kolayliklar kodlarda belirtildigi gibi 6grencinin dikkatini ¢geken ve
farkli 6grenme faaliyetleri sunarak oOgrenciyi derse odaklayan tlirdedir. Ayrica
Ogretmenin her an ve her yerde Ogrenciye ulagabilmesi “Ogretimin her yerde
gergeklestirilebilmesi”’ne imkan vermektedir.

BDE’nin o6grencilerin akademik gelisimine etkisi baglaminda gorseldeki kodlardan
bazilar1 “bireysel 6grenmeye tesvik etmesi, yaraticiligini gelistirmesine firsat vermesi,
hatirlamasin1 kolaylagtirmasi, ders kontroliiniin 6grencide olmasi, ilgi ve dikkatini
cekmeye yardimci olmasi, 6z-degerlendirme yapabilmesine imkan tanimasi, tekrar
yapabilme imkan1 sunmas1” seklinde belirtilmistir. Ilgili kodlar olusturulurken, T7- s.
106 kodlu calismada “Etkinlikler i¢in onceden biraz ¢alismamiz gerekiyordu, ben siir
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vazarken mesela bunu arkadaglarimin gorecegini tahmin etmedim. Gruba ekledigim
zaman smif arkadaslarimin tamami gordii. ”’; yine ayni ¢alismadan “Elektronik ortamda
ders yaptik, bu derslerde swmiftaki ortamdan farkli olarak bilgisayar bizim
kontroliimiizdeydi. Etkinliklerde ile ¢esitli grafikler olusturduk biraz ugragmak gerekti.
Ama eglenceliydi diyebilirim.”; T5-s.121 kodlu c¢alismada “Animasyonlu ders
isledigimizde animasyonlar aklimda kaliyor. Bu nedenle konulari kolay hatirliyyorum.”;
T4-5.66 kodlu ¢alismada ise “Ogretmen her yaptigimiz soruya hemen dogru ya da yanlis
diyemiyor ama bilgisayarda hemen soyliiyor ve ipucu da veriyor.” seklindeki ifadelerden
yararlanildig1 belirtilebilir. Bu kodlar ve alintilar incelendiginde, BDE’nin akademik
acgidan O6grenciye bir¢ok alternatif sunarak her yerde 6grenebilme ve kendi diizeyi, hizi ve
ilgi alan1 dogrultusunda ilerleyebilme imkanlari sundugu anlasiimaktadir. Ogrenciye diiz
anlatim, sunu gibi geleneksel 6grenme yaklasimlarinda ulasamayacagi firsatlar sunmasi,
Ogrenilenleri pekistirmesi, yeni d6grenmeleri desteklemesi 0grenciyi egitim siirecinde
aktif kilmaktadir. Bundan dolayr BDE’nin akademik gelisime katkilarinin
yadsinamayacak diizeyde oldugu diisiiniilmektedir. BDE’nin 06grencilerin duyussal
Ozellikleri ve derse karst tutumlariyla ilgili de etkisine deginilmistir. Sekil 3’1
inceleyelim.

Odrenci ve 6gretmen agisindan keyifli olmas Isbirlikgi bir 6grenme ortami sunmasi

Yardimlagma-dayamisma duygulan clusturmasi Hayal dinyasini gelistirmesi

Paylagimar bir 6grenme ortami sunmasi Cocuklann ilgisini cekmesi

Rahat bir 6renme ortami sunmasi Giidaleyici olmasi

BDE'nin Tutuma Etkisi

Dersin edlenceli gegmesini saglamasi Odrenme istegini arttirmasi

Dersi daha zevkli islenir héle getirmesi Otrenciyi meraklandirmasi

Ogretmenle olan sosyal durumunu geligtirmesi Dersin sevimesine etki etmesi

Heyecan, seving duygulanni harekete gecirmesi

Ogrend motivasyonunu arthrmasi

Sekil 3. BDE’nin tutuma etkisi.

Sekil 3’te BDE’nin 6grencilerin derse karsi tutumlari agisindan ulasilan kodlar oldugu
goriilmektedir. Bu kodlardan bazilar1 “dersi daha zevkli islenir hale getirmesi, cocuklarin
ilgisini ¢ekmesi, Ogrenci motivasyonunu arttirmasi, isbirlik¢i bir 6grenme ortami
sunmast, heyecan, seving duygularini harekete gecirmesi” seklinde sunulmustur. Bu
kodlarin referans aldig1 ifadeler T3- S. 169 kodlu ¢alismada “Tiirk¢e dersini bilgisayarla
gecirmek daha zevkli ve T1-s. 53 “Bilgisayar kullanmak ¢ocugun oldukg¢a ilgisini ve
dikkatini ¢eken, derse yonelmesini saglayan bir kullanimdir...” T1-s. 91 kodlu ¢alismada
“...gerekli oldugunu diigiiniiyorum. Ogrencinin motivasyonunu arttirir...”, T7-s. 108°de
“Ben pek fazla bir sey paylasmadim. Sinifta sadece internet ortaminda grup ¢alismasini
sanal bir sekilde yaptik.” seklinde belirtilebilir. Ilgili kodlar ve alintilar, BDE’nin derse
yonelik iy1 duygular beslemeyi, ders esnasinda mutlu ve istekli olmay1, dersi sevmeyi
saglayarak Ogrencilerin ‘ders ve O0grenme siireci’ konusundaki algilarini degistirdigi
belirtilebilir. Bunun yan1 sira, BDE’nin, teknolojik becerileri gelistirmede de katkisi
oldugu goriilmektedir. Sekil 4’te bu katkilart model halinde gérmek miimkiindiir.
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Ogrencinin okula/3dretmene badimliligini azaltmas! Teknolojik araclara kargi ilgi uyandirmasi
Bireyin kendini denetlemesine imkén vermesi Teknoloji okuryazan olmayi saglamasi
Bilgisayarin parcalarini tanima imkani vermesi Arastirma yapmaya tesvik etmesi
Teknik becerilerin gelismesine katki sunmasi / Birden fazla duyuya hitap etmesi
GmeKlerin uygulamal: giziimesini saglemasi [N OTTUAIENEREIEIAUER  Grenciyl derse etkilegimli katmasi

Teknolojiyi bilingli kullanmaya 6zendirmesi / \ Zamandan tasarruf saglamasi
Teknolojik igerikler olusturabilmeyi saglamasi Kavram aktarimini kolaylagtirmasi
Teknolojik iceriklerden yararlanmayi safjlamasi Farkli 6grenme alanlarina katk saglamasi
Teknolojiyi amac dogrultusunda kullanmayr saglamasi Bilgiye kolay ulagilabilmesine imkan vermesi

Sekil 4. BDE’nin teknolojiyi kullanma becerilerine etkisi.

Sekil 4’te BDE nin teknolojiyi kullanma becerilerine etkisine iligskin kodlarin siralandigi
goriilmektedir. “Zaman tasarrufu saglamasi, birden fazla duyuya hitap etmesi, teknolojiyi
amact/ihtiyact dogrultusunda kullanmay1 saglamasi, teknolojik icerikler olusturabilmeyi
saglamasi, teknolojik araglara kars1 ilgi uyandirmasi, teknik becerilerin gelismesine katki
sunmast, teknoloji okuryazari olmayi1 saglamasi, teknolojik igerikler olusturabilmeyi
saglamasi1” ilgili kodlardan bazilaridir. Belirtilen kodlarin alintilandigi ¢alismalardan
bazi ornek ifadeler “Zamandan kazang saglanmwr. Ciinkii su anki egitimde tahta
kullaniliyor, bunu da biiyiik bir zaman kaybr olarak diigiiniiyorum.” (Ml1-s. 905),
“...¢ocuklarin bir¢ok duyu orgamina hitap ettigi icin 6grenmelerinde faydali olur.”
(T1- s.56), “Giinliik, aylik, yillik planlar ¢ikarma ve farkl etkinlikler bulma agisindan
bilgisayar kullanimi 6nemli bir yer tutmaktadir.” (T1-s. 53), “... Ogrenciye hangi érnekle
ne sekilde etkili olabilir diye. Tabi en etkili 6rnekler bulmamiz ve hazirlamamiz gerekir.
Bunu gérsel olarak da aktarabildigimiz zaman ¢ok da miikemmel bir egitim olur.” (M1-
s.908), .. Bilgisayar gorsel ve isitsel 6geler barindirmasi gibi ozellikleriyle daha ogretici
ve agiklayici oluyor.” (T2- s. 87), “Bilgisayarlardan daha kolay ve farkh kaynaklara
ulasip, giizel etkinlikler bulabiliriz... bilgiye kolay erisilebilir” (T1-s. 55), M1- s5.906
kodlu ¢alismada “Ogrenci agisindan dersi daha zevkli islenir hale getirmek olabilir.
Osrencinin gorselligine hitap etmek, benim amacim o olur. Yani 6grenciye gorsel olarak
aktarabilmek...”, seklinde belirtilebilir. BDE nin hem 6gretmen hem de &grencilerin
teknolojiyi bilingli, amac ve ihtiyaclar dogrultusunda kullanma aligkanligi edinmelerine
imkan verdigi anlagilmaktadir. Ogretmenlerin bu igerikleri dgrencilerle paylagmalarinin
ve Ogrencilerin de siireci kontrollii bir sekilde takip edebilmelerinin her ikisinin de
teknolojiyi gelisimleri dogrultusunda kullandiklar1 seklinde yorumlanabilmektedir.
Ozellikle zamandan bagimsiz davranabilme 6grenme siirecinde esneklik saglayarak daha
verimli ve etkili bir siire¢ olusmasina imkan vermektedir.

Sekil 5 incelendiginde BDE nin sinirliliklarina deginen bazi kodlarla karsilagilmaktadir.
Bu kodlar “teknik sorunlarin yaganmasi, zaman kaybina yol agmasi, dikkat daginikligina
sebep olmasi, sosyallesmeyi azaltmasi, bilgisayar kullaniminin bilinmemesi, bilgisayarin
ders disinda kullanilmas1” seklinde belirtilmistir.
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Bilgisayar egitim materyali olarak gérmemesi Teknik destedin yetersiz olmas

Bilgisayarin ders diginda kullamimasi Fiziksel uygunlugun olmamasi

Zaman kaybina yol acmasi

/ Ofjretmeni tembellige itmesi
B —

Kalabalik bir ortamin olmasi

\ Sosyallesmeyi azaltmasi

Internet kesintisinin olmasi

Motivasyon eksikligine yol agmas

Internet bagimiilidina neden olmasi

Sagliksal sorunlara sebep olmasi

Dikkat dadinikhdina sebep olmas

Qgrencinin soru sormasini kisitlamas

Donanim ve yazilim sorunlarl yasanmasi Otorite eksikligine yol agmas

Ogretmenin teknolojik agidan yetersiz olmas Alinan bilgilerin simirh kalmas

Sekil 5.BDE’nin sinirhiliklari.

flgili kodlarm olusturulmasinda T2- s.95 kodlu ¢alismadan “Zaman zaman bazi teknik
sorunlar yasandi. Internet baglantisi yavasti veya hi¢ yoktu. Bu durumlarda dersimiz
aksadi. Bunun disinda bazi arkadaslarimiz bilgisayari bir oyun araci olarak gordiikleri
icin dersi ciddiye almadilar.”, T1-s. 55 kodlu ¢alismadan “Kullanimi konusunda belirli
basit diizeyde seyleri biliyorum. Yeterli tecriibe ile kendimi gelistirmem gerek...”, M1-s.
905 kodlu calismadan alintilanan “...tabii ki olumsuz yanlari.. en basitinden zaman
kaybidr 6gretici icin ve ogrenci igin de bu.” Ve T4- s.74 kodlu ¢alismadan “Bireysel
oldugu icin sosyallesme yok, 6gretmen-6grenci ya da ogrenci-ogrenci arasinda bilgi
alisverisi miimkiin degil.” seklinde alinan ifadelerden faydalanildig: belirtilebilir. Bu
ifadelerden yola ¢ikarak BDE’nin teknik yonlerden, 6gretmenin yeteri kadar bilgisayar
kullanmay1 bilmemesi, Ogrencilerin bilgisayar1 bir oyun olarak gormesi ve BDE
sunulurken internet baglantisinin kesilmesi gibi olumsuz etkileri oldugu belirtilebilir.
Daha planli ve bilingli bilgisayar kullanimi ile bu sorunlarin {istesinden gelinebilecegi
diistiniilmektedir.

6. Tartisma ve sonug

Meta-tematik analize bagl olarak yapilan bu arastirmada BDE’nin 6grenme siirecindeki
etkisi belirlenmeye ¢alisilmistir. Yapilan degerlendirmelerde, ulasilan ¢aligmalardan elde
edilen verilere gore, BDE nin akademik gelisim, tutum ve teknolojiyi kullanma becerileri
noktalarindaki katkist ile sinirliliklarina iligkin kodlar elde edildigi gortilmiistiir. Analiz
sonuglart BDE’nin birgok agidan O6grenme siirecinde pozitif etkileri oldugunu
gdstermistir.

Egitim materyali olarak kullanilan bilgisayarin 6grenci ve 6gretmen iizerinde pek ¢ok
etkisi bulunmaktadir. Ogrencinin derse olan ilgisini arttirarak aktif katilimin1 saglamasi
ve konulart zorluk ¢cekmeden eglenerek 6gretmesine etki etmesi BDE’nin en belirgin
Ozellikleri arasinda sayilabilir. Mevcut arastirmada, meta-tematik analiz ile ulasilan
kodlar arasinda BDE’nin 6gretmen ve dgrenciler agisindan sundugu yararlar ayr1 olarak
belirtilmistir. Hem 6gretmen hem de 6grencinin daha rahat ve ulagilabilir igerik sagladigi
sonuglardan anlagilmaktadir. Alanyazinda da Dikmen ve Tuncer [52] meta-analiz
yontemini kullanarak 2007-2017 yillar1 arasinda yapilmis olan BDE ile ilgili yapilmis
olan tezleri incelemis ve her gegcen y1l BDE’nin akademik basariya etkisinin daha fazla
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oldugu sonucuna ulagmistir. Teyfur [43], “9. Sinif Cografya Dersinde Bilgisayar Destekli
Ogretimin Ogrenci Basaris1 ve Tutumuna Etkisi” adli ¢alismasinda BDE’nin egitim
stirecine katkilarini ortaya koymustur. Bunun yani sira ¢ocuklara ulasamayacag firsatlar
sunma, diiz anlatimdan uzak ders isleme ve anlatimi kolaylastirma BDE’ nin diger 6nemli
islevleri arasinda sayilmaktadir. Bilgisayar yoluyla sunulan ders igeriklerinin anlatimi
diizliikten kurtararak daha ilgi ¢ekici hale getirdigi anlasilmistir. Ayrica ¢ocuklarin
seviyelerine uygun olarak hazirlanmis yazilimlarin hem 6gretmenin ders anlatma siirecini
kolaylastirmakta hem de Ogrencilerin dikkatini ¢ekmekte oldugu vurgulanmistir. Bu
sonuclar, bilgisayarlarin egitim silirecinde pekistirmeyi saglayan araclar oldugu
diistincesini desteklemektedir.

Modern ¢agda bilgisayar yoluyla yapilan egitim diinyanin bir¢ok yerinde uygulama
asamasindadir. Bu siirecte 6grenilen bilgilerin pratige dokiilmesi ve bir sonraki agsamaya
gecilmesinde de BDE dikkat ¢ekmektedir [53]. Yapilan mevcut ¢alismada da BDE’nin
akademik gelisime biiylik katkilart oldugu goriilmiistiir. Bu noktada Durukan’in [45]
calismasinda BDE’nin Dilbilgisi 6gretiminde basar1 ve tutuma etkisinin incelendigi
kaydedilmistir. BDE’nin basari1 agisindan anlamli 6grenmeler sagladigi gorilmiistiir.
Ozcan’in [44] Tiirkce dersinde kullandigi animasyon destekli 5E modeline iligkin
calismasinda, bilgisayar uygulamalarinin kalic1 6grenmeler saglandigi belirtilmistir. Bu
sonuclar, mevcut arastirma sonucumuza benzer sckilde BDE ile cocuklarin kalici
O0grenmelerinin  arttigmmi ve yeni Ogrenmelerinin pekistirildigini  gostermektedir.
Alanyazinda buna benzer baska calismalarla [13, 54] karsilagilmasi mevcut sonucu
kuvvetlendirmektedir.

BDE’nin tutuma olan etkisi de sorgulanan diger bir boyuttur. Bu kapsamda, BDE’ nin
motivasyonu arttirma, derse karsi ilgiyi destekleme, merak unsurunu arttirma ve dersten
haz alma gibi etkilerinin goze carptigi sdylenebilir. Ayni konuda yiiriitiilmiis ¢aligmalara
bakildiginda, Ozcan’in [44] Tiirkge dersinde bilgisayarli uygulama sonucunda,
ogrencilerin derse olan ilgilerinin arttigi, motivasyonun saglandigi ve dersin daha ¢ok
sevildigi gibi tutuma iliskin veriler elde ettigi goriilmiistiir. Yine benzer sekilde,
Ovalt’nin [19] calismasinda dersten zevk alma, eglenerek Ogrenme, dersi sevme,
motivasyon gibi tutumla ilgili sonuclara ulasildig: tespit edilmistir. Benzer sonuglarin
ulusal oldugu gibi [46, 55] uluslararas1 alanyazinla da desteklendigine iliskin 6rnek
calismalara [56, 57] rastlanmistir. BDE’nin tutum noktasindaki etkililigi hususunda,
ogretmenlerin istekli ve ilgili olmalarinin ayrica 6énemli oldugu ve BDE’nin verimlilik
diizeyinin bu istek oraninda artabilecegi vurgulanmistir [58]. Bu durumda 6gretmenlerin
BDE’yi kullanmaya yonelik tutumlarinin 6grencileri de etkiledigi sdylenebilir.

BDE’nin teknolojiyi kullanma becerilerine de etkisinin oldugu dikkat ¢ekmistir. Bu
noktada, bilgisayar kullanimindan dolayi, teknolojiyi daha bilingli kullanabilme,
otokontrol becerisiyle hareket edebilme, teknolojik igerikler hazirlayabilme ve bunlardan
faydalanabilme gibi 6zelliklerin gelistigine dikkat ¢cekilmistir. Bilgisayarlarin teknik bilgi
ve becerilerin gelisimde etkili oldugu ve bu becerilerin arastirma yapma becerilerini
olumlu yonde etkiledigi belirtilebilir. Ozellikle zaman tasarrufu sagladigi ve kavram
aktarimini kolaylastirdig1 icin, bu becerileri farkli ders ve 0grenme alanlarinda (ilgi
alanina gore sanat, spor, miizik, yemek, vb.) da kullanabilmektedir. Benzer sonuglara
alanyazinda yiiriitiilmiis baz1 ¢aligmalarda da rastlanmistir. Yildirim ve Kaban [59],
BDE’nin 6grenme hizini belirleme, etkilesimli 6grenme, 6gretimsel yazilim kullanma ve
zaman tasarrufu agisindan bir¢ok faydasi oldugunu belirtmistir. Adigiizel ve Berk [60]
O0gretme-O0grenme slirecinde bilgisayar gibi 6gretim  teknolojileri  kullaniminin
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yayginlastik¢a, iilkenin teknoloji okuryazarlik diizeyinin de yiikselecegini ve bdylece
bilgi cagina ulasmis bir toplum olacagini belirtmistir.

BDE’nin olumlu yanlarinin yani sira olumsuz yonleri de vardir. Egitim siirecinde
kullanilan  materyalin  elektronik olmasi bir takim sikintilar1  beraberinde
getirebilmektedir.  Bilgisayarin bir egitim materyali yerine bir oyun araci olarak
algilanmast ise ayr1 bir bakis acisidir. BDE’de kullanilan yazilimin yetersiz olmasi,
Ogretmenin  bilgisayar  kullanmadaki  tecriibesizligi  bu  siireci  olumsuz
etkileyebilmektedir. Alanyazina bakildiginda o6gretmen tutumlartyla ilgili olumsuz
goriislere Aydogdu’nun [61] calismasinda ulagilmistir. Ayrica yeterli donanima sahip
olan bazi okullarda da yine 6gretmenlerin ¢ok tercih etmedikleri [62], BDE nin bilgisayar
veya oyun bagimlilig1 yapabildigi [63], elestirel diisiinme ve analiz becerilerini negatif
yonde etkileyebildigi [64] gibi bazi1 sonuclarla da alanyazinda karsilasilmaktadir. Ancak
gerekli planlamalar ve diizenlemeler yapildiginda, bilgisayar kullanim saatleri
ayarlandiginda ve bilingli kullanim aligkanligi edinildiginde, BDE’nin olumsuz
yonlerinin azalacag diisiiniilmektedir.

Bu calismada BDE’yi bilgisayar1 bir 6grenme materyali olarak kullanmamizi saglayan
BDE’nin akademik, tutum, teknolojik becerileri ve simirliliklar de ele alinmustir.
Sagladig1 katkilar diisiiniildiigiinde, zaman ve mekéan sinir1 olmadan 6grenme ve ilgi
¢ekici igeriklerle dgrencilerin dikkatini ¢ekebilme gibi 6zellikleri ile tercih edilmesi
gereken bir yontem oldugu belirtilebilir. Okul 6ncesi donemde say1 ve sekil kavramlarin
gelistirme; ilkokul doneminde okuma becerilerini destekleme; ortaokul ve lise diizeyinde
ise ders bazinda akademik agidan pozitif katkilar sunma noktalarindaki etkililigi dikkat
¢ekmistir. Ayrica iiniversite diizeyinde mesleki alan konusunda igerdigi grafik, animsyon,
video ve ses kayitlar1 gibi araglarla ve sundugu uzaktan egitim imkanlar1 kapsaminda
hazirlanan sunular araciligiyla sesli, hareketli ve goriintiilii dersler sayesinde bireylerin
etkili ve kalict 6grenme, alanlarinda iyi diizeyde yetistirilebilme, ve teknolojik
yeterliklerini arttirabilme agilarindan olumlu yénlerinin belirtildigi gortilmiistiir. Bu
acidan iilke olarak daha dikkatli ve biling¢li kullanicilar gibi davranarak BDE nin sundugu
imkanlardan yararlanmaliyiz. Diger yandan alanyazinda bu alanda yapilmis olan
calismalarin daha ¢ok nicel yonlii oldugu dikkat ¢cekmistir. Bu ¢alismanin nitel veriler
cevresinde gerceklestirilmesi ve bireylerin konuyla ilgili goriislerine ulasilmasi bu
noktada calismanin onemini arttirmaktadir. Ozellikle bu durum meta-tematik analiz
caligmalarinin 6nemini ortaya koymaktadir. Bu sebeple BDE nin farkli boyutlariyla ilgili
yapilacak olan caligmalarin meta-tematik analiz  cercevesinde incelenmesi
onerilmektedir.
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Oz

Taze marul (Lactuca sativa L.) yapraklarimin paketleme oncesi kalite parametreleri,
tasidigr mikrobial yiike bagli olarak degismektedir. Bu ¢alismanin amaci, taze marul
yvapraklarimin yikanmasinda ozonlanmis su kullaniminin bakterisit etkisini belirlemektir.
Bu amagla marul yapraklar: ozon jeneratorii ile entegre edilmis bir iinitede yikanmistir.
Yikanan marul yapraklarinda toplam bakteri, fekal koliform, E.coli, Staphylococcus
aureus, Vibrio spp. sayilart izlenmistir. +4°C’de 13 giin depolanan marul érneklerinde
analizler dogrudan ya da en uygun tarihten hemen once analiz edilmistir. Uygulamada
kullanilan su érneklerinde pH odlgiimleri yapilmistir. Depolama siirecinin ilk kisminda
toplam kabul edilebilir ozelliklerde belirgin bir farkliik gozlenmez iken ilerleyen
giinlerde belirgin kayiplar meydana gelmistir. Yikama islemi ile toplam mikroflora etkin
bir sekilde azalmugstir.

Anahtar kelimeler: Ozon, iceberg marul, E. coli, Staphylacoccus aureus, Vibrio spp..

The usage of ozonated water in fresh-cut lettuce disinfection

Abstract

The quality parameters of the pre-packaged iceberg lettuce are affected by microbial
invasions. Aim of this study to determination of disinfection effect of ozonated water in
the washing process of iceberg lettuce leaves. For this purpose lettuce samples were
washed in the commercial foundation integrated with an ozone generator. And than
monitored for total bacteria, fecal coliform, E.coli, Staphylococcus aureus, Vibrio spp.
counts. The analyses were performed after washing in which lettuces were stored at 4°C
for 13 days. The sensory evolution was monitored. Water samples were analysed for
pH. In the first part of the storage process, no significant changes in acceptable
properties were observed. However, a significant decrease was detected in the
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population of microorganisms. Negative changes in sensory properties were detected in
the second half of the storage process.

Keywords: Ozone, iceberg lettuce, E.coli, Staphylacoccus aureus, Vibrio spp..

1. Introduction

Increased demand for healthy nutrition, it also brings the problems of storing these
nutrients in natural and fresh conditions. Fresh vegetables and fruits can provide the
expected benefits in a storage environment where they can maintain the microbiological
and nutritional properties carried under harvest conditions. Especially vegetables cause
many epidemics and diseases due to the microorganisms contaminated from the soil and
water from which they are harvested. It is known that many food pathogen cases
reported with fresh fruits and vegetables can be resolved using effective and practical
sanitation and disinfection methods. Ensuring food safety depends on the use of
effective sanitation and disinfection methods [1-3]. It is targeted that food pathogens
can be completely eliminated or their development stopped completely. The fact that the
washing water used in conventional washing processes of fruits and vegetables does not
contain residual disinfectant also requires a separate sensitivity.

In addition to the microorganisms in the raw material, usage of dirty washing water,
processing and transport equipments as sources of cross contamination, and improper
storage are cause of deterioration in fruit and vegetables. Use of appropriate sanitation
tools and methods can prevent the deterioration of fruit and vegetable quality due to
these possible reasons. Domains of known sanitation means (chlorine, hydrogen
peroxide, acidifiers, etc.) can be restricted. The effectiveness of known sanitation means
is limited due to some properties such as being inactive against spore forms of
microorganisms and being effective at high pH. On the other hand, the fact that residues
and cause some chronic diseases (asthma, cancer, etc.) are among the other negative
effects. The ease of application and protection without damaging the sensory properties
of the product are among the features expected from sanitation materials. Chlorine is
one of the most well-known sanitizers. It has many features mentioned above; is an
important point in widespread use. Some toxic contaminants as much as food safety
also known as a chemical contamination agent pose a risk to food safety. These
substances, which are produced as disintegration or conversion products of disinfectants
used, can cause harm to human health. Trihalomethanes [4-9], also known as chlorine
conversion products, are also included in this group [10-12]. Disinfectant residues or
conversion products should not pose a health risk [13].

In recent years, ozone as sanitation agent alternative to chlorine has been used in many
food production [11-15]. Ozone, which is effective against bacteria, viruses, yeast, mold
and protozoa in a wide spectrum is a sanitation tool that has been approved by the U.S.
Food and Drug Administration [15-36]. The profits of ozone treatments (O3) was
discovered firstly by German chemist Christian Fredrick Schonbein on Switzerland in
1840. The ozone that was used for herbs’s water clarification between 1903-1906 years
on the USA, was began to use for clarification of drinking water in 1940’s [9]. The
ozone applications increased as well as the technologic improvements, easy and low
costly ozone production on 1980’s [8].
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Ozone was considered GRAS (generally recognized as safe) status in 1997 provided
that it was used within the scope of good manufacturing practices [9,14,19]. Although
ozone was used for food processing and water clarifications in Europe [14, 20], FDA
gave permission to ozone applications on American Food Industry in 2001 [8,21,29].
Ozone has been used to applicated for the food industry as a disinfectant or sanitizer in
the US and Europe [9, 31]. But necessary any technical regulations have not been
established in Turkey.

Ozone applications reported good results in disinfection of drinking water in food
industry and broiler farms. Ozone applications also gave promising results in the
decomposition of chemical impurities such as mycotoxins and pesticides in addition to
the results related to the reduction of microbial load. Ozone can be used safely in food
industry with its properties such as not forming dangerous decomposition products and
conversion to oxygen in the application medium. However, ozone usage may cause
losses of sensorial properties caused by oxygen damage (9,18,26). It is possible to
prevent adverse effects of ozone usage by optimizing product-specific conditions of use.
Many sanitation agents are used to ensure the food safety of fresh cut fruits and
vegetables and their products. Some have been tested in industrial applications and
others have been tested on a laboratory scale. In laboratory experiments, artificial and
controlled contaminated food raw material is immersed in aqueous sanitation solution to
determine the protective effect. The several factors such as concentration of sanitation
agent and duration of antimicrobial action are determined by trials. The results of such
studies vary with vaccination method, selection of test organism, vaccination and
application time, ambient conditions and recovery of test organism [37,38]. However, in
our study, especially in terms of the industry is based on the application of ozone on the
natural microflora was investigated.

The aim of this study was to determine the antimicrobial efficacy of ozonated water
generated by a recirculating ozone reactor (CFG 20) against various bacteria as
pathogens and indicators of fecal contamination on the lettuce. The studies that
investigate the disinfection effects of ozone under controlled conditions, is missing an
important point which can not be observed physical changes in the product. For that
reason we planned our study considering the conditions of production at the plant.

2. Material and methods

2.1. Material

Iceberg lettuce (Lactuca sativa L.) were harvested in Balikesir (Turkey) province.
Lettuce samples were transported to the laboratory (20 km) under cooling conditions (+
4 °C and 70% relative humidity (RH)) and processed without waiting. After removing
of wrapper leaves heads were cutted. 2 kg of lettuce samples divided into the five
bathches for homogeneous sampling. Lettuce leaves were washed with adapted
conditions at 20°C under sanitary conditions. Trials were conducted in 3 repetitions.
Also similar results were obtained each trials.

2.2. Technical equipment

After the outer leaves were removed using knife, the lettuces were indivdually divided
into the washing equipment (custom-made bagy) by two-step process: volume washer
1:2m?, volume washer 2:2 m?, custom production pvc cap. After air was compressed
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using a Max Extra Air Liquide compressor, passed discharge dO3 generator (Model
CFG 20) to obtain ozone (Figure 1). Gaseous ozone (3 g h-1) by flow 0.12 nm® h’!
dissolved in a 50 L tank by reverse mixer. A thermal destroyer was used as a neutralizer
(model DOT 1.1, Ozoneo Electronica Iberica) at 550 °C. Ozonated water was directed
by a pump (flow rate of 1 m*® h!) carry through a stainless steel plate heat exchanger
(model UFX 6-11, Barriquand, Roanne Cedex, France). The capacity of joined with a
watercooling apparatus was 1.98 kW (model TAE 015 PO, MTA Srl, Conselve,
Italy).In that system ozonated water was recirculated in the washing tank (50 L) by a
circulation pump. The circuit is completed by the second pump which presses water
back into the solution tank. In order to measure the amounts of ozone mixed and
dissolved in water during the process; an amperometric probe and temperature
sompensation sensor were equipped the system (B&C electronics Srl, Carnate, Milano,
Italy). Ozone concentration was measured in two ranges between 0-2 and 0-20 mg L.
Instant ozone measurement was also monitored spectrophotometrically for control
purposes. Unstable ozone is rapidly decomposed into oxygen by organic compounds,
residual chemicals and other factors in the washing water. The most important point is
to be able to accurately and instantly measure the ozone concentration in the application
tank as a sanitizer. Therefore, inactivation or destruction of microorganisms is
associated with disinfectant concentration (C, mg L) and contact time [t, min]. The
product of these two parameters is called the CT value or dose and expressed in units of
mg L' min [39].

OZONE

WASHING CASE
GENERATOR " AlR COMPRESS.

&

rAulti-function

Ll pataLoGGER

Figure 1. Ozone experiment equipment.

2.3.0z0ne treatment and measurement

The tap water with chlorine content 100 ppm (mg L) was used in the washing process
of lettuce samples. It is considered advantageous that the water is filtered and contains
chlorine. Ozonation was achieved by generator (CFG 20) as detailed in the technical
equipment part. The generator produced 7.2 g ozone per hour, the flow rate was
constant [2 m*h™!] during the study. A final ozone concentration was 3.6 ppm.
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Lettuces were washed at 20 °C with two different solutions: (A) The tap water was used
as a control sample containing 100 ppm of chlorine. (pH 7.3), (B) 3.6 mg L' min total
ozone dose. The washing time were respectively 2,4,6,8,10 min for ozonated water
except for tap water, for which the time for treatment was the time that was sufficient to
achieve the reported doses (always shorter than 5 min) (Figure 2) [40]. The pH levels
were 7.35, 7.42, 7.57, 7.55, 7.47 in 2, 4, 6, 8, 10 min ozonated water. In our study,
unwashed lettuce samples were not analyzed where the effect of washing processes was
investigated as recommended in other studies [36, 41].

2.4. Packaging

Lettuce samples were packaged in polypropylene bags (165- 120- 57 mm) using with a
vacuum packaging machine (Novac, Sakarya, Turkey). All samples were stored for up
to 13 days at 4 °C and evaluated on day 0 and after 5, 9, and 13 days. Three replicates of
100 g of fresh-cut lettuce were used for each treatment and sampling date.

2.5. Microbial analysis

In order to be a realistic industrial assay, the trials were carried out with environmental
microflora. The mesophilic bacteria and coliforms in fresh-cut lettuce were monitored a
25 g sample of fresh-cut lettuce was homogenized with a 1:10 dilution of sterile 1%
peptone-buffered water (AES Laboratoire, Combourg, France) in sterile 400 Lab
Stomacher bags (Seeward Medical, London, U.K.) by using a Stomacher (IUL
Instrument, Barcelona, Spain] for 90 s.Total aerobic mesophilic bacteria were
enumerated by the standard plate count method using plate count agar [PCA Merck] at
30 (1 °C for 48 h. Coliforms were isolated using Mac Conkey Broth (Merck) at 37 (+
0.5 °C for 48 h) (according to the MPN method). E.coli were generated by Eocin
Methylen Blue Agar (Merck) incubated at 37 °C during 24 h [37]. S. aureus cells were
counted on Baird-Parker Agar (BPA, Merck) incubated at 37° C during 48 h [32].
Vibrio spp. cells were generated on Violet Red Bile Agar (Merck) incubated at 37° C
during 48 h [32]. Microbial analyses were achieved on day 0 and after 5, 9, and 13 days
of storage. All samples were analyzed in duplicate, and each microbial count is the
mean of three samples from three packages. Microbial counts were expressed as log
CFU g'! of tissue.

2.6. Sensory evaluation

The sensorial properties of lettuce samples on 0, 5, 9 and 13th days of storage were
monitored according to the total acceptability, browning, texture, and aroma by a four
membered expert panel. Tthe appearance features of gloss, freshness, and color
uniformity and intensity was scored on a 9-1 scale, where 9) excellent, 5) acceptable
(limit of marketability), and 1) poor, inedible for evaluating of visual quality. Browning
were evaluated as leaf edge and surface on a 5-1 scale, where 5) severe, 3) moderate,
and 1) no browning. The texture was marked as 5) very firm and turgid, 3) moderately
firm, and 1) very soft. Aroma evaluation points were 5) full typical aroma or flavor, 3)
moderate, and 1) none [39].

2.7. Statistical analysis

There were three repetitions per treatment and evaluation period. All data represent the
mean of three replicates. Analysis of variance (ANOVA) followed by Duncan’s
multiple range test with a significance level of p<0.05 was performed using SPSS
(Windows 2000, Statistical Analysis).
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3. Results

The initial load of the total aerobic mesophilic microorganisms in control group was
5.3x10* CFU g ! and proliferated approximately 50% to 1.2x10° CFU g ~! within 2 h of
production. The antimicrobial effects of ozonated water and tap water consisting 100
mg.L! of chlorine were determined in washed lettuce samples. Trials were achieved at
room temperature (19 to 21°C). Determined bactericidal activity [log 10 CFU/ml] of
ozonated water on lettuce leaves indicated that Table 1. The live cells of E.coli and
other microorganisms were decreased by washing with ozonated water for 10 min (1-3
logio CFU/mL). The antimicrobial effects of ozone against total viable cells are shown
in Figure 2. When antimicrobial effects of ozone application and chlorine-containing tap
water usage in lettuce samples were compared; there was no significant
difference(p<0.005).

‘\-_\‘\\.

LOG BACTERIA KILLE D/ML
= T I N = T

4 [i] B 10
TIME {MIN}

8]

Figure 2. ¢ Killing of viable cells of total bacteria by ozone in deionized water. m
Killing of viable cells of total bacteria by ozone in deionized water with chlorine.

It was determined that the initial antimicrobial effect of gave better results of the
washing with ozonated water than only in tap water washing with chlorine.1 log unit of
live cell death per 1mL occurred in both sample groups on average.

The death rate curves of ozonated and tap water for fecal coliform are shown in Figure
3. A bit difference was observed in terms of gram negative bacteria. More than 2 log
units each of Staphylacoccus spp. and E. coli cells per ml was killed instantaneously
[time zero) after exposure to ozonated water (Figure3, 4, 5). There is no significant
difference (p>0.05) between ozone treatments at 4, 6, 8, 10 min effects on E.coli and
Staphylacoccus spp. death rate.
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Figure 3. ¢ Killing of viable cells of fecal coliform by ozone in deionized water. m
Killing of viable cells of fecal coliform by ozone in deionized water with chlorine.
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Figure 4. ¢ Killing of viable cells of E. coli by ozone in deionized water. m Killing of
viable cells of E.coli by ozone in deionized water with chlorine.
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Figure 5. ¢ Killing of viable cells of Staphylacoccus spp. by ozone in deionized
water. A Killing of viable cells of Staphylacoccus spp. by ozone in deionized water with
chlorine.
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Table 1. Bactericidal activity of Ozonated water during washing of lettuce leaves as
measured by a different time.

Water Surviving population (log10 CFU/mL) on the lettuce leaves
dip solutions Total viable Fecal Coliform E.coli Staphylaccoccus spp.
cells

uw= 3,8.10" 2,710’ 0,9.10° 0,4.10°

T2r 0,1.10° 1,1.10° 0,18.10° 5,3.10°
OW*** 2 min 4710° 2.1.10° 0,8.10° 6,5.10°
OW*** 4 min 1,8.10° 2,1.10° 0,6.10° 0,6.10°
OW*** 6 min 1,31.10° 0,092.10° 0,3.10° 0,5.10°
OW*** 8 min 39.10° 0,072.10? 0,2.10° 0,4.10°
OW?*** 10 min 0,9.10° 2,1.10° 0,1.10% 0,3.10°

After all washing processes, no color loss such as darkening, fading, yellowing was
observed in lettuce samples. The visual quality was found to maintain total acceptable
values (Figure 6). But unfortunately, initially obtained promising values were
unprotected during storage and significant decrease in visual quality was observed at the
end of the day 5Sth.

—e—0. day 5.day e=g==9.day -—e=13.day

gloss
10

8

aroma freshness

texture color uniformity

browning intensity

Figure 6. General sensory and visual quality of lettuce samples washed in ozonated
water.

After different washing procedures, tissue losses gradually increased during storage.
There are no significant variation between applications. The crispy tissue was observed
in all samples by day 13.

4. Discussion

Previous studies have declared that chlorine, ozone and chlorine-ozone pairs cause a
decrease of 1.1 - 2.5 log units in aerobic place counts and shelf life of commercial
lettuce salads 16, 20 and 25 days. shelf life of commercial lettuce salads increased 16,
20 and 25 days, respectively [27, 28]. On the other hand, no successful results were
obtained in pear decay [32] and lettuce leaves inoculated with Pseudomonas fluorescens
[42, 43].
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The purposes of the washing treatment on the commercial lettuce products are removing
soil and other remains, reducing microbial load, limiting the reconstruction of browning
and lowering product temperature. After broke and washing with chlorinated water
steps (50-200 mg / L free chlorine) leaves were rinsed tap water. However, under the
operating conditions in industrial application, the use of ozonated water is becoming
widespread. In order to limit the use of chlorine and to reduce microbial load in the
washing of cutted lettuce leaves the use of chlorinated and then ozonated water
constitutes an alternative washing procedure. In this procedure, many factors, such as
the target microorganism, the attachment and interaction of this group of
microorganisms to the plant surface, determine the effectiveness of this method used to
reduce the charge of the microorganism. Baur et. al. [2004] were declared that washing
with ozonated water was more effective on reduction of Enterobacteriaceae species
than mesophiles and Pseudomonas [36]. Our results are similar to these researchers.
Vibrio was not found on the samples after treatment with ozone [p < 0.05] in 2 min. The
reduction in living viable cells of E.coli O157:H7 and L. monocytogenes were decreased
on lettuce leaves over than 2.49 log units was reported by Park et al. (2001) [37]. In
general, most bacteria, except where sudden death occurs showed effective two-phase
death curves when effective ozone levels were reduced in the presence of chlorine
(Figure 3). Although washing treatment by ozonated water with ClO2 and thyme oil
showed slight effect on microorganisms whereas drop-inoculated samples [27]. The
effectiveness of sanitizing agents depend on the method of inoculation, lettuce
incubation time, population size and multiple washing treatment [45]. The use of neutral
electrolyzed water has been reported to cause significant reductions (S. typhimurium, E.
coli, and L. monocytogenes population up to 2 log units) in surface microflora in lettuce
samples and increased wash efficiency with 300 ppm of chlorine were recorded [46].
Guentzel et. al. (2008) has reported that the biocidal activity of near-neutral electrolyzed
water (EW) at 25°C on cultures of Escherichia coli, Salmonella typhimurium,
Staphylococcus aureus, Listeria monocytogenes, and Enterococcus faecalis [48]. In
another study, oxidized water (2-5+0-8) x 10-3mmoll—=10—,0-5+0 -2 mmol |
— 1 H20») treatment (60 min at 30°C) under acidic conditions (pH 4 - 30 = 0 - 20)
resulted in reduction of surfce E.coli population (more than 3 log CFU ml™) [1].
Ozonated water usage in lettuce washing process has been suggested as an alternative
method [39, 48]. Sanitizers used in many industrial vegetables such as spinach, leek,
asparagus and cabbage to reduce soil-borne microorganisms are important for food
safety. It has been reported meaningful results about ozonated water usage in washing
step of watercress, spinach, coriander, and celery seeds for reduction in population of
Listeria monocytogenes NCTC 7973 and Escherichia coli P36 [49].

Ozone, with the advantages of rapid conversion to oxygen and has no residue, can be
safely used as a sanitizing agent for washing green leafy vegetables.

Its protective effect against many known microorganisms (bacteria, cysts of protozoa,
viruses, and fungal spores) shows that it is more effective than hypochlorite [50].
Identical to previous findings, ozonated water has shown a protective effect against
many pathogens on environmental microflora of lettuce leaves [39].

As a conclusion, the comparison was made according to washing in ozonated water
process in 5 different time (2, 4, 6, 8, 10 min), sensory results did not show significant
differences ([p>0.05). In analogy with the findings of other studies [36] washing in
ozonated water did not show the expected effect literally while reducing the number of
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microorganisms. In this case, the effect of ozone is thought to results from research on
the environmental microflora. A wide variety of pathogens are present in the natural
microflora in the lettuces which brought to the factory from post-harvest to be
processed, the efficiency of the washing operation is determined by remove of the
microflora. If conditions such as discharged time, the flow quantity, concentration are
optimized, ozone can be used as a disinfectant in the cleaning of lettuce actively.
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Abstract

We extented A" by using difference operator A, . We generated the difference sequence
space 1,(A)) and investigated some of their properties. We showed that, if [ (A) is

supplied with an proper norm ||||p v then it will be a Banach space. We further more

|p’A;) and (lp,
the end of this studies, it was shown that 1,(A)) <1,(M,A}). The family of the Orlicz

Sunctions M is coincides the A, —condition.

. . |p ) are linearly isometric. At

showed that, the sequence spaces (l (A,

Keywords: Difference sequence spaces, isometric sequence spaces, sequence spaces.

Yeni A; -fark operatorii ve topolojik 6zellikleri

Oz

b

A, fark operatoriinii kullanarak A"’yi genislettik. [,(A}) fark dizi uzayini olusturduk

ve bazi topolojik ozelliklerini inceledik. Eger [, (A)) uygun bir ||||p v hormu verilirse

|p,A;) ve (lp,

uzaylarimin  lineer izometrik olduklarimi  gosterdik. Calismanin  sonunda  ise
[(A) cl,(M,A)) oldugu gosterildi. Orlicz fonksiyonlarimn ailesi M, A, —sarti ile

bunun bir Banach uzayr olacagini gosterdik. Ayrica (ZP(A;), |p) dizi

ortiismektedir.
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1. Introduction

Let ¢,/ andc, be the Banach spaces of convergent, bounded and null sequences

u = (u, ), respectively with complex terms, normed by
.. = suple,].

k
where ke N.
Kizmaz [1] presented the difference sequence spaces,
U(A):{u =(u,):Au eU}
for U =c, and [ ,c, where

Au = () = (u, —uy,,) .
We have the norm for these Banach spaces as:

el =[]+ ],

Colak and Et [2] have extended the spaces U(A) to the U(A") for U =c¢,/, and c,. Let
U be any sequence spaces and defined

U(A”):{uz(uk):AvueU}

where veN and Au= ((A oA )uk) for all keN and prove that
c(A"),I (A") and ¢, (A") are Banach spaces with the norm

Au

A'u, = Zol(_nt [:]ukﬂ, ul,, :;|ui|+‘

0

Karakag et al. [3] have defined the sequence spaces ¢(A,),L,(A,) and ¢,(A,) . He also
presented

Au=(Au)=(qu, —u.,)
for g € N . Karakas et al. [4] have presented

U(A;):{uz(uk):A;u eU}
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for U=c,/[, and ¢;, where ¢,veN. They showed that the spaces U(A}) are Banach
spaces by:

)4
[l = 2l +|
i=1

v
Aqu

3
[e'e]

where
A;” = (A;uk) = (‘]A;_luk _A;_]uk-ﬂ)

and
A= () = ) ot

Recently, Peralta [5] has studied /,(A") and investigated the topological features of this

space. In this work, we choose p €[l,0). By @, we denote the space of all sequences

o0 %"
u=(u,), for u, €C and all ke N. Taken u € @, describe ”””p = (ZMV}
k=1

and let
l,= {u =(u,): ||u||p < oo} .

The linear operator A):@w— @ is presented recursively as the composition
A, =A, oA’ for v>2 and geN. It is obvious that for uc @ and v>1 we have the

following Binomial representation

A =3 0o,
=0
forall keN.

Let ve N and define the sequence space /,(A) by

LAy ={u=(u):Auel,}.

The sequence spaces are Banach spaces normed by

RYZ
pj (1.1)

A,

\4
p
[, 5, =| 2ohel” 4]
Py = !

i=
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For Euler difference sequence spaces and sequence spaces generated by a sequence of
Orlicz functions, the reader can consult Altay and Polat [6], Altay and Basar [7] and
Qamaruddin and Saifi [8], respectively.

2. Main results

Theorem 2.1. The sequence space /,(A}) is a Banach space with the norm ||||p e

(n)

Proof: Let (u("))z((uk )) is a Cauchy sequence in / (A}). Thus, for £>0 we may
find a positive integer N such that

Hu(n) —y”

, <&
P4

whenever n,r > N . In other words, we have

v p P
P
LE ‘uf")—uf” +‘A;u(")—A;u(’) J <g,
i=1

-
for n,r = N.
Since

‘uf") _ui(r)‘ < Hu(n) —y

v
A,

for i=1,2,3,...,v and

Therefore, (u")and (A;u(”)) are Cauchy sequences in C and /,, respectively. The

v (1) _ AV, (r)
Aqu Aqu

< Hu(n) —y"
P A

completeness of the spaces C and [, show the existence of elements y, €C,
i=1,2,3,...,v,and z:(zk)elp such that

(n) _

lim|u™ — y,[=0 (2.1)

for i=1,2,3,...,v and

lim A} —sz =0. (2.2)

Since
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v, (n) v (n)
‘Aquk —Zk‘ < HAqu —ZH

»
we get

A%~ z,| >0

as n — oo forall £ €N by equation (2.2).

We obtain a recursive formula for llmu(”) i>1, as n— . We have

( l)v (n{ (n) vzl( l)t [V] v—t (n)

t=0

and so
- v-1 v
— 11 n) _ (_1\" _ 1\ v—t
Won = 11£nuv+i - ( 1) [Zl ;( 1) L]q yw—lj
Assume that w,,,...,w,,, ,,1 <k <v, have been established. Where

v+i 2

W, :lignu(”? i=1,2,.,k-1.

Using these, we acquire, for 1<k <v

=Sy )

t=0

k-1 . Y .
v—k+t -t
_z] (_ 1) veiar |9 Wort
t=

Wik = hnm ”m = (_1)

On the other side, for £ >v we get

( l)v (n;C _ (n) Z( l)z (V] v—t (n)

So that
v—1

W, = llmu(") =(-1)" (zk = (:jq”wkﬂj.
t=0

Let W=(J1sees Vys Wyy1> Wypn»--). We assert that wel (A)), that is, Ajwel . First, show
that
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v—1
@ =20 om0,
=0

vl v—1
XGNP { -] qv-’yﬁl}
t=0 t=0
=z

Also, for £=2,3,...,v. We get

v—I1

v—k
@ =3 W[ a
t=0

:Zk

) (_ l)t [:J qv_twﬂ—k + (_ 1)V Wv+k

t=v—k

Similarly, for £ >v we acquire

@y, = S0 o 0w

t=0

=z,.
Thus we have presented that A)w=z /. It remains to prove that

Hu(”)—wu ,—>0asn—>ow
A,

Then, we obtain

v (n) _ AV
Au AW

U

)4
p . P
u(”)—wH :hm[ E ‘u,({") —yk‘ +‘
v n
PAy k=1

A —off
4 p

lim
n

\4
. p .
= th‘u,ﬁ") —yk‘ +11m‘
=1 n n
=0.

This is proof of the theorem.

1, ) are linearly isometric.

Theorem 2.2. The sequence spaces (Zp (A)s o ) and (l s

Proof: Take in to consideration the map 7:/,(A))—>/, given by Ty=u, where

y=W)el,(A)) and u=(u,) with

Vi if 1<k<v;
u, = .
¢ Ay, ifk>v
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The linearity of the difference operator A refers the linearity of 7. If y e/, (A]) and
Ty =u, then

P

A;yk—v

171 =ty = 2. 13"+ 2
k=1 k=vt1
\4 0
=2l +2
k=1 k=1

P
= , <o
I

A;yk‘p

This demonstrates that 7 is well-defined and it is also norm preserving. We presented
that T is one-to-one and onto. Assume that 7y =0.

Then, we obtain

Ay, =0 forall k=1, (2.3)
n=y,=.=y=0. (2.4)

We show that the difference equation (2.3) with initial conditions (2.4) refers that
y, =0 forall k>1,, thatis, y :(O, 0,...) . Therefore, 7 is one-to-one.

Assume that u =(u,) €/,. Describe the sequence y=(y,) as follows. Let y, =u, for

f— v f—
u,,K = Aquk,k =12,...,v.

The succeeding terms of the sequence y is then showed recursively by

v—I1
Vot = (_l)v |:uv+l - Z(_l)t (:] quut+1:|
t=0
v—k v
U e~ (_ l)t (t j qv_tuwk
v t=0
Ve = (1) k-1 v—k+t

_ 1\ v k—t
IC

, 1<k<v

and

v—1

ST S R o e

t=0

Utilizing a similar argument as in the proof of the previous theorem, we prove that
A;y = Uk

for k£ € N. Therefore it follows that 7y =u .
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Thus, we obtain
P
421, = Z
= Z|uk+v !
k=1

=l <o

A;y

AVJ’k‘

So that y e/, (A}). Since T is onto, /,(A}) and /, are linearly isometric.

Definition 2.3. An Orlicz function is a continuous, convex function and nondecreasing
M:[O,oo)—)[O,oo) such that M(z)=0, if and only if z=0, M(u)>0, and
M) —>oas u—>o. M is said to fulfil A,—condition if there exists a positive
constant K such that M (2z) < KM(z) for all z>0. Let M=(M,) be a sequence of

Orlicz functions meeting the A, —condition [9]. An Orlicz function M has been defined

in [10] also see [11] for a more general representation in thise direction in the following
from:

M(u)=[ p(t)dt

where p, know as the kernel of M , is right-differentable for ¢ >0, p(¢) >0, p(0)=0
for ¢ >0, p is nondecreasing, and ¢ — oo, p(t) — o.

Lindenstrauss and Tzafriri [12] have utilized the view of Orlicz function to find the
sequence space,

[,(M) ={u =(u,): i‘Mk (|uk|/p)‘p < oo, for some p > O},

which is a Banach Spaces with respect to the norm

||(uk)|| :inf{p > O:i‘Mk (|uk|/p)‘ < 1},

The space I(M)is closely related to space /,, which is an Orlicz sequence space with

M(u):|up,

for 1< p<oo.

Describe the sequence spaces as:

IP(M) = {u =(u): i‘Mk (|uk|/p)‘p < oo, for some p > O},
k=1

and
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LMAD={u=(u):Auel (M)].

Theorem 2.4. Let M= (M, )be a sequence of Orlicz functions fulfil the A, —condition.
If

> p
> M (lwel/p) <0 2.5)
k=1
forall z,p>0 then [ (A)) < ,(M,A)).
Proof: Assume that condition (2.5) exists and let u = (u,) €/ (A}) . Then, we get

>

k=1

A, | <. (2.6)

The convergence of

00

2.

k=1

P
A;uk‘ < o0

implies that

lim|Au,| = 0.

Au,|<1 forall k=N,
Let
K=max{A;u1 s Aty ,1}.

Then ‘A;uk‘ <K for all keN. For p>0, utilizing the monotonicity of M,, we get

Mk(A;ukVp)SMk(K/p) forall keN.

This inequality shows that

> Jur

A z (K/p) -

This estimate proves that Aluel (M) that is, uel (M,A)). By equation (2.5)
Therefore, the inclusion /,(A}) = 1,(M,A}) holds.
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3. Results and discussion

Peralta [5] studied /,(A}) and checked the topological properties of this space. Later
Karakas et al. [4] defined difference operator A, . We used Peralta' s [5] studies and
extented it by used the generalized difference operator A, . We generated the difference

sequence space /,(A]) and||.||p . » and investigated some of their properties. We showed
7q

that, if /,(A}) is equipped with an appropriate norm ||.||M; is a Banach space. We

p,A;) and (lp, 1,
isometric. It is shown that / (A)) =/, (M,A}). Where M a family of Orlicz functions,

further more showed that, the sequence spaces (l ,(A)), ) are linearly

is coincides the A, —condition.
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Oz

Son yillarda internet kullaniminmin artmasiyla insanlarin bilgi ve haber alma kaynaklari
da degismistir. Radyo, televizyon, gazete ve dergi gibi geleneksel medya platformlart
verine sosyal medya platformlarimmin kullanimi giderek artmaktadir. Geleneksel medyada
haberler belirli bir kaynak tarafindan gonderilirken, sosyal medyada her kullanict bir
haber kaynagi olabilmektedir. Bu da sosyal medyadaki haberlerin bir siizgegten
gecirilmeden paylasiimasina ve sahte haberlerin biiyiik bir hizla yayilmasina neden
olmaktadir. Sahte haber, propaganda, provokasyon veya insanlari yaniltma amaciyla
sahte veya provokatif kullanicilar tarafindan yayilan haberlerdir. Dikkat ¢ekici ozellikte
olduklart i¢in sosyal medya araciligi ile ¢ok kisa siirede yayilabilmektedirler. Bu nedenle
sahte haberlerin en kisa siirede tespit edilmesi biiyiik oneme sahiptir. Cogu sosyal medya
platformunda sahte haber tespiti uzmanlar tarafindan yapilmaktadir. Cok yogun
paylasim trafigi bulunan sosyal medya platformlarinda uzmanlar tarafindan kisa siirede
sahte haber tespiti miimkiin olmamaktadir. Bu da sahte haberin kisa siirede ¢ok kisi
tarafindan paylasilmasina neden olmaktadir. Bu nedenle yari otomatik ve otomatik sahte
haber tespiti sistemleri, uzmanlara gore daha kisa siirede sahte haber tespitini
saglayabilmektedir. Sahte haberleri kisa siirede tespit edebilmek igin otomatik tespit
sistemlerinin gelistirilmesi gerekmektedir. Bu ¢alismada Tiirkce dilinde, denetimli ve
denetimsiz makine ogrenmesi algoritmalari kullanilarak Twitter iizerinde sahte haber
tespiti yapilmis ve sonuglart incelenmistir. Denetimsiz 6grenme algoritmalarindan, K-
ortalamalar (K-means), Negatif Olmayan Matris Carpimi (Non-Negative Matrix
Factorization-NMF) ve Dogrusal Diskriminant Analizi (Linear Discriminant Analysis-
LDA); denetimli 6grenme algoritmalarindan, K En Yakin Komsu (K Nearest Neighbor-
KNN), Destek Vektor Makinalari (Support Vector Machines-SVM) ve Rassal Orman
(Random Forest-RF) algoritmalari ile tahmin yapilmistir. Her bir algoritma 100 defa
calistirilarak ortalama F1 metrik degerleri incelenmistir. Denetimli ogrenme
algoritmalarinda 0.86 Fl-metrik degeriyle basarii sonuglar alinmistir. Denetimsiz
ogrenme algoritmalarimin F1-metrik degeri ise 0.72'de kalmistir.

Anahtar kelimeler: Sahte haber tespiti, makine ogrenmesi, yapay zeka.
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Turkish fake news detection on twitter

Abstract

In recent years, news and their sources have transformed with the increasing use of the
internet. Instead of traditional media platforms such as radio, television, newspaper and
magazine, the use of social media platforms is also growing. While certain sources share
the news in traditional media, every user can be a news source in social media. Fake
news is news produced by fake or provocative users for the purpose of propaganda,
provocation or misleading users. Since an ordinary social media user may share any
news without any filter and they are usually interesting, a fake news can spread rapidly.
For this reason, it is very important to detect fake news as soon as possible. Sometimes,
fake news is detected by expert systems. It is not possible to detect fake news in a short
time with such expert systems on social media platforms with very dense sharing traffic.
This causes fake news to be shared by many people in a short time. Therefore, semi-
automatic and automatic fake news detection systems can provide fake news detection in
a shorter time than non-autonomous expert systems. Automatic detection systems are
needed to be developed in order to overcome this shortcoming. In this study, we collect
data from Twitter, annotate them whether they are fake or real news. Then, we use
supervised (K-Nearest Neighbor-KNN, Support Vector Machines-SVM, and Random
Forest) and unsupervised (K-means, Non-Negative Matrix Factorization-NMF, and
Linear Discriminant Analysis-LDA) machine learning algorithms to detect fake news
automatically. We run each algorithm 100 times and the average Fl-score values were
examined. The best results were obtained with 0.86 F1-score value in supervised learning
algorithms. The F'1- score value of unsupervised learning algorithms remained at (.72.

Keywords: Fake news detection, machine learning, artificial intelligence.

1. Giris

Geleneksel haber paylasimlarinda, iletisim tek yonlii oldugu i¢in haber kaynaklarinin
sayilar1 stnirlidir. Dolayisiyla, bu kaynaklar1 denetlemek ve haberlerin igerigini dnceden
kontrol etmek daha kolay oldugu icin toplumun sahte haberlere maruz kalmasini
engellemektedir. Dijital caga gecisle birlikte, insanlarin habere erisim kaynaklar1 ¢ok
cesitlilik gdstermeye baslamistir. Iletisim tek yonlii olmaktan cikip, haber alicilarinim
habere kars1 gosterebilecekleri tepkiler de dijitallesmistir. Bu tepkiler, paylasmak,
begenmek/begenmemek, yorum yapmak gibi farkli tiirlerde olabilmektedir. Kisiler,
haberleri paylagarak ayni zamanda haber kaynadi oldugundan, tiim paylasimlarin
denetleyici kurumlar tarafindan gercek kisiler (denetciler) ile dogrulugunun kontrol
edilmesi miimkiin degildir. Sahte haber paylasimlarinin ilk 2 saat ile 20. saate kadar hizla
yayilmast goz oniinde bulunduruldugunda sahte haber tespitinin otomatik sistemler ile
anlik olarak tespit edilmesi biiylik 6nem tagimaktadir [1].

Kurumsal hesaplar1 veya siteleri taklit ederek bir¢ok dolandiricilik yontemleri
kullanilmaktadir. Ornegin; T.C. Iletisim Baskanligi tarafindan 04.01.2020 tarihinde atilan
tweet mesajinda, kurumun logo ve ismini kullanarak elektrik ve dogal gaz fatura iadesi
bildirimi yaparak dolandiricilik yapilmaya c¢alisildig: bildirilmistir [2]. Ayrica 07.01.2020
tarihinde sahte bir Twitter hesabindan Eskisehir'de okullarin yogun kar yagis1 dolayisiyla
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tatil oldugu sahte mesaji cok hizli bir sekilde yayilmustir [3]. ihlas Haber Ajanst tarafindan
bu haberin yetkililer tarafindan yalanlandigi bildirilmistir [4]. Yar1 otomatik ve otomatik
sahte haber tespiti sistemleri ile bunun gibi ¢ok hizli yayilan sahte ve dolandirma amagli
haberlerin hizlica 6nlenmesi gerekmektedir. Bu sayede bir¢ok insanin dolandirilmasi
veya yanlis bilgilendirilmesi dnlenebilir.

Sahte haberin en genel tanimini, Shu vd., kasitl olarak yapilan ve kesinlikle yanlis olan
bir haber makalesi olarak tanimlamistir. Ayrica geleneksel medya ve sosyal medyay1
sahte haber bakimindan karsilagtirmigtir. Sahte haberler, genellikle bot veya trol
hesaplardan yapildigim1 bildirmisler, trol hesaplari, insan tarafindan kontrol edilen,
propaganda amacli hesaplar olarak ve bot hesaplari ise propaganda amacli olusturulmusg
bilgisayar tarafindan kontrol edilen hesaplar olarak tanimlamislar ve bu hesaplarin kisa
siirede ve cok sayida olusturuldugunu belirtmislerdir. Ayn1 anda birden fazla bot veya
trol hesaptan paylasilan bir haber normal kullanicilar tarafindan gercekmis gibi
algilanabildigini belirtmislerdir [5].

Tiirkce dilinde sahte haberle miicadele ¢alismalari, Ingilizce dilinde sahte haberle
miicadele calismalarina gore yetersizdir. Literatiirde Tirkce dilinde sahte haberle
miicadele i¢in yapilmig ¢aligmalar olduk¢a az sayidadir. Bu da Tiirkiye'de yasayan
insanlarin sahte habere maruz kalma oranini yiikseltmistir. Newman vd., 2018 yilindaki
raporunda iilkelere gore sahte habere maruz kaldigini belirten kisilerin oraninin %49 ile
Tiirkiye'de en fazla oldugu belirtilmistir [6] (Sekil 1). Ayn1 raporda Tiirkiye'deki kisilerin
%87's1 haberleri sosyal medya ve ¢evrimigi kaynaklardan takip ettiklerini belirtmislerdir
(Sekil 2). Yine Newman vd. 2019 raporunda 38 iilkede yapilan arastirmaya gore bu
tilkelerde yasayan kisilerin ortalama %355'1 internette gergek ve sahte haberi ayirma
yeteneklerinden endise duymaktadir. Tiirkiye'de yasayanlarda ise bu oran %63'tiir [7]
(Sekil 3). Bu durum Tiirkiye'de sahte bir haberin ¢ok hizli bir sekilde yayilmasina neden
olmaktadir.
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Sekil 1. Ulkelere gore sahte habere maruz kaldigini belirten kisilerin orani [5].
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Sekil 3. Ulkelere gore sahte habere maruz kaldigini belirten kisilerin oran1 [5].

Sahte haber tespiti yapilmadan 6nce sahte haberin iyi incelenmesi gerekmektedir. lyi
kategorize edilmis bir sahte haberin tespit edilmesi de daha kolay olacaktir. Shu vd.
calismasinda, Sekil 4’de goriildiigii gibi geleneksel medyadaki sahte haberleri, psikolojik
ve sosyal bulgular bakimindan; sosyal medyadaki sahte haberleri ise iki farkli kategoride
incelemislerdir. Bu kategorilerden ilki, propaganda i¢in agilmis sahte hesaplar ve ikincisi
ise kullanicilarin ayni fikirde olduklar1 kullanicilar: takip ettiklerinden ve bu hesaplardan
gelen haberlere giivendiklerinden dolayir sahte haber olsa bile kendi ilgisine yakin
haberleri alip, paylagsmalar1 olarak tanimladiklar1 yanki odas1 etkisidir (echo chamber
effect). Sosyal medyada propaganda icin agilmig sahte hesaplar tarafindan yayilan sahte
haberlerin sosyal botlar, trol hesaplar ve yar1 robot hesaplar tarafindan yayildigini
belirtmiglerdir. Trol veya bot hesaplardan birbirine yakin zamanlarda ¢ok sayida
paylasilan haber gergek kullanicilar i¢in dogru gibi goriilerek kisa siirede ¢ok sayida
gercek hesap tarafindan da paylasilmaktadir. Gergek hesaplardan paylagilan sahte
haberlerin inandiriciligi bu sayede artmaktadir [5].
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Sekil 4. Sahte haber tiirleri [1].

Sahte haber tespiti lizerine ¢alismalar 2011 yi1linda Zhao ve Jiang'in ¢aligmasiyla baslamig
ve 2016 yilindaki Amerika Bagkanlik Se¢imlerindeki komplo teorileri ile bu ¢alismalar
artmigtir [8]. Ingilizce dilinde birgok ¢aligma olmasina ragmen Tiirkge dilinde otomatik
sahte haber tespiti lizerine ¢aligmalar oldukca sinirli sayida kalmistir.

Tiirkiye'deki insanlarin ¢ogunun sahte haberi ayirt etme yeteneklerinden siiphe etmesi ve
sahte haberlerin kisa siirede ¢ok fazla hesap tarafindan paylasilmasi sahte haber tespitinin
onemini gostermektedir. Uzmanlar, kullanicilari sahte haberi bilgilendirmesi konusunda
otomatik sahte haber tespiti sistemlerine gore yavas kalmaktadir. 2 saatlik zaman
diliminde biiyiik oranda paylasim yapilan bu sahte haberlerin uzmanlar yerine otomatik
tespit sistemleri ile tespit edilmesi onemlidir. Bu ¢alismada Twitter [9] platformunda
paylasilan Tiirkce dilindeki tweet mesajlarinda sahte haber tespiti yapan otomatik bir
sistem tizerine ¢alisilmistir.

2. Kaynak ozetleri

Reuters Gazeteciligi Arastirma Enstitiisii tarafindan 2012 yilindan itibaren her y1l Oxford
Universitesinde, “Digital News Report” ismiyle rapor yayinlanmaktadir. Bu rapor dijital
haberlerin durumunu, sosyal medyanin haber alma agisindan yeri ve 6nemi ve bir¢cok
iilkenin sosyal medya haberleri de dahil olmak tizere dijital haberleri hakkinda bilgi
sunmaktadir. Ayrica bu raporda sahte haberler ile ilgili istatistiksel bilgiler paylasilan
boliimlerde bulunmaktadir [6], [7].

Shu vd. calismalarinda, sahte haberi tamimlamiglar, sahte haber tiirlerinden
bahsetmislerdir. Geleneksel medyadaki sahte haber tiirleri ve sosyal medyadaki sahte
haber tiirlerini ayr1 ayri listelemislerdir. Ayrica hem geleneksel medyadaki hem de sosyal
medyadaki sahte haberleri tespit etmek i¢in ¢ikarilabilecek 6zellikleri de agiklamiglardir

[1].
Alpaydin [10], makine Ogrenmesini, sensOrler ve algilayicilardan toplanan veya

veritabaninda biriken ¢ok sayida verinin siiflandirilmasi, kiimelenmesi veya tahminini
olanakli kilan algoritmalarin tasarim ve gelistirme siireglerini konu alan bir bilim dali
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olarak tanimlamistir. Makine 6grenmesi; goriintii isleme ([11], [12]), konusma tanima
([13], [14]) ve metin isleme ([15], [16]) gibi birgok gorevde basarili bir sekilde
kullanilmaktadir.

Dogal Dil Isleme (DDI), insanlarmn iletisimde kullandiklar1 dogal dilleri, bilgisayarlarin
anlamas1 i¢in isleyen bir bilim dalidir. Ilk &rnekleri, dogal dillerin birbiri arasinda
cevrilmesini konu alan makine gevirisi ile baslamistir. DDI ilk zamanlarda geleneksel
yontemlerle yapilmis ve ilerleyen zamanlarda makine 6grenmesi yontemleri kullanilarak
daha etkili sonuglar vermeye baslamistir. Farkli dillerde sahte haberin kisa siirede
tespitinin saglanmasi amaciyla da makine 6grenmesi yontemleri kullaniimistir.

2015 yilinda, Carnegie Mellon Universitesi'nde 6gretim iiyesi olan Dean Pomerleau ve
“Joostware Al Research Corporation”in kurucusu Delip Rao tarafindan makine 6grenimi
ve dogal dil islemenin sahte haberlerle savagmakta ne kadar basarili olabilecegini
kesfetmek amaciyla Fake News Challange-1 (FNC-1) yarismasi diizenlendi. Bu
yarismada amag bagliktaki bilginin makale igerigiyle ilgisinin olup olmamasini tahmin
etmekti. Toplam 50 yarismaci bu etkinlige katildi. Baslik ve haber c¢iftleri iligkili
oldugunu dogru tahmin eden takim 0.25 agirlik puani, iliskili ¢iftleri kabul etme (agree),
kabul etmeme (disagree) ve tartisma (discussion) olarak dogru etiketleyen takim ise 0.75
agirlik puani almaktadir. “SOLAT in the SWEN” takimi 82.02 puan, “Athene (UKP
Lab)” takimi1 81.97 puan ve “UCL Machine Reading” takimi ise 81.72 puan ile
siralamadaki ilk 3 takim olmustur [17].

Yine 2015 yilinda “Massachusetts Institute of Technology”de Vosoughi tarafindan
yapilan doktora tezinde 7000 adet etiketlenmis Ingilizce tweet verilerini, Lojistik
regresyon kullanarak iddia, ifade, soru, 6neri, istek ve diger etiketleri ile siniflandirmistir.
Siniflandirmak i¢in, denetimli 6grenme algoritmalarindan, Naive Bayes (NB), Decision
Tree (DT), Logistic regresyon (Logistic Regression-LR) ve Linear ¢ekirdek ile Support
Vector Machine (L-SVM) algoritmalarini1 kullanmistir. LR algoritmasinin, 0.70 f1-metik
degeri ile diger algoritmalardan daha yiiksek fl1-metrik degerine sahip oldugu sonucuna
varmigstir [18].

Chen ve Chen calismalarinda, telefonlar hakkinda Cince bir forum sitesi olan
“mobile0l.com" {izerindeki forum mesajlarini spam veya spam degil olarak
etiketlemislerdir. Forum mesajlarin1 zamana bagli olarak incelemisler ve spam
mesajlarinin daha ¢ok c¢alisma giinleri ve saatlerinde, spam olmayan mesajlarin ise
calisma saatleri disinda paylasildigini belirtmislerdir. Scikit-Learn kiitiiphanesini
kullanarak; LR, L-SVM, RBF Cekirdek ile SVM ve SVMperf algoritmalarin1 kullanmis
ve F1 skorlarim1 karsilagtirmislardir. Fakli ozellikler kullanarak, 6 tane model
olusturmuslar ve en yiiksek basariyi, 5. modellerinde 0.61 fl-metrik degeri ile elde
etmislerdir [19].

Ahmed yiiksek lisans tez ¢alismasinda, semantik benzerlik ve n-gram analizi ile sahte
haber tespitini arastirmistir. TF (Term Frequency) ve TF-IDF (Term Frequency- Inverse
Document Fequency) yontemleriyle 6zellik ¢ikarma islemi yapmis ve Olasilikli Dereceli
Azalma (Stochastic Gradient Descent-SGD), SVM, L-SVM, K En Yakin Komsu (KNN),
Lojistik Regresyon ve Karar Agacglar1 (Decision Tree-DT) olmak {izere 6 farkli makine
O0grenme algoritmasi ile siniflandirma islemini yaparak bu algoritmalarin sonuglarini
karsilagtirmistir. TF-IDF kelime temsili yontemi ile kullandigi LSVM algoritmasi 0.90
dogruluk degeri ile en basarili algoritma olmustur [20].
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Bajaj, derin 6grenme kullanarak sahte haberlerin tespiti lizerine yaptigi calismada,
Lojistik regresyon, ileri beslemeli aglar, RNN (Recurrent Neural Network), GRU (Gated
Recurrent Unit), LSTM (Long-Short Term Memory), BiILSTM (Bidirectional LSTM),
Maxpooling ile CNN (Convolutional Neural Network), maxpooling ve attention ile CNN
metotlarint kullanarak, 63 bin veri icerisinde gergek ve sahte haberlerin sirasiyla 0 ve 1
seklinde ikili siniflandirma ile siniflandirmis ve bu algoritmalarin sonuglarinin f1-metrik
degerlerini karsilagtirmigtir. GRU algoritmasi ile 0.84 f1-metrik degerine ulagsmistir [21].

Granik ve Mesyura c¢alismalarinda, naif bayes siniflandirict kullanarak sahte haber tespiti
icin bir yontem uyguladiklarin1 belirtmislerdir. Facebook sayfalarindan toplanan 2282
gonderiyi “cogunlukla dogru (mostly true)”, “cogunlukla yanlis (mostly false)”, “dogru
ve yanlis karisik (mixture of true and false)” ve “tam bilgi yok (no factual content)” etiketi
ile kelime torbasi kullanarak etiketlenmislerdir. Yontemleri ile 0.75 dogruluk degeri elde

etmislerdir [22].

Patel yiiksek lisans tez calismasinda, 2016 yilindaki Amerika Bagkanlik secimlerinde
yayinlanan sahte haberleri tespit etmeye ¢alismistir. Bunun i¢in; KNN, SVM ve LSTM
olmak tizere 3 farkli makine 6grenme algoritmasi kullanmis ve sonuglarini incelemistir.
LSTM algoritmasinin ortalama F1-metrik degerinin 0.90 oldugunu belirtmistir [23].

Tacchini vd. ¢alismalarinda, Facebook iizerinde paylasilan sahte haberlerin tespiti i¢in
kullanicilar1 incelemisler ve bu kullanicilarin begendigi gonderi ve sayfalara gore
paylastiklar1 haberlerin sahte olup olmama durumuna karar vermislerdir. Sahte haber ile
gercek haberleri siniflandirmak i¢in lojistik regresyon ve Harmonik Kitle-Kaynak Boole
Etiketi (Boolean Label Crowd-sourcing) olmak iizere 2 yontem kullanmiglardir. LR
algoritmasi ile 0.79, HBLCS ile 0.99 dogruluk degeri elde etmislerdir. [24].

Agren ve Agren yiiksek lisans tez calismasinda, Yenilemeli sinir aglarini kullanarak sahte
haber tespiti iizerine ¢alismistir. Haber makalesi verilerini bashgiyla ilgili durumunu
“iligkisiz (unrelated), onaylama (agree), onaylamama (disagree) ve tartisma (discuss)”
etiketleri ile Paralel kodlayici ve kosullu kodlayicilar ile LSTM ve GRU metotlar ile
siniflandirmistir. Algoritma basarilarint FNC yarismasindaki degerlendirme olgiitleri ile
degerlendirmisler ve algoritmalar1 0.69 puana erigmistir [25].

Rajendran vd. ¢aligmalarinda baslik ve icerik ciftlerinin alakali veya alakasiz olarak
etiketlenmesi tlizerine ¢aligmiglardir. Alakali olan baslik-igerik ¢iftlerini de onaylama,
onaylamama ve tartigma olarak 3 farkli etikete bélmiislerdir. Siniflandirma iglemi igin;
BiLSTM, LSTM, BiGRU, GRU, RNN, BiGRU ve BiLSTM algoritmalarinin birlikte
kullannrmi ve MLP (Multi-layered Perceptron) algoritmalarmi kullanmis ve
karsilastirmiglardir. En yiiksek basariy1, BILSTM algoritmasi kullanarak 0.84 f1-metrik
degeri ile elde etmislerdir. [26].

Tiirk¢e dilinde makine 6grenmesi yontemleri kullanarak sahte haber tespiti ¢aligmalari
cok siirlt sayida kalmistir. Yapilan ¢alismalara bakildiginda ayni kisiler tarafindan haber
metinlerinde siniflandirma ve konu bazli etiketleme olmak {izere 2 adet ¢aligmaya
rastlanilmagtir.

Mertoglu vd., 2018 yilindaki bildiride TF-IDF kullanarak sahte ve ger¢ek haber

makaleleri {lizerine bir prototip sunmuslardir. Bu prototipte otomatik, yar1 otomatik ve
manuel veri toplayan bir kullanici araytizii gelistirmisler ve spor, politika, sehir efsanesi,
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saglik ve diger konulardan olusan 3 farkli veri kiimesi olusturmuslardir. Kullanici arayiizii
ile toplam 250 haber toplamislardir. SVM ve Naive Bayes (NB) siniflandiricilar ile terim
siklig1 ve n-gram oOzellikleri ile elde edilen sonuglari, TF, n-gram, argo kullanimi ve
noktalama isareti kullanim1 6zellikleri ile elde edilen sonuclarla karsilastirmislardir. 4
ozellik ile kullanilan SVM kullanarak 0.79 f1-metrik degeri ile diger sonuglara gére daha
ylksek basar1 elde etmislerdir [27].

Mertoglu vd., 2019 yilindaki bildirilerinde Tiirkce sahte haber tespitinde otomatik
etiketleme modeli sunmuslardir. Caligmalarinda evrensel bir veritabani projesi olan
GDELT (Global Data on Events, Languages and Tone) projesi tarafindan ve kendi
gelistirdikleri kullanici arayiizii tarafindan haber makaleleri toplamiglardir. Toplanan
verilerin 1305 tanesi etiketli veriden olusmustur. Kalan 250 etiketsiz veri i¢in ise 7 tane
lisansiistii 6grencisi tarafindan en az 2 en fazla 4 konu etiketi ile etiketlenmesini
saglamiglardir. TF-IDF kelime torbasi yontemi ile kelimeler vektor olarak temsil edilmis
ve toplam 1550 verinin 1150 tanesi egitim setinde ve egitim setinde kullanilmamis olan
400 tanesi ise test setinde kullanilmistir. Etiket olma olasiligini hesaplamak i¢cin NB
kullanmislardir [28].

Yapilan caligsmalar incelendiginde, literatiirde farkli dillerde sahte haber tespiti iizerine
calismalar bulunmakta fakat Tirkce dilinde yapilan g¢alismalar ise SVM ve NB
siiflandiricist ile sinirlt kalmigtir. Bu ¢alismada farkli olarak denetimli ve denetimsiz
O0grenme algoritmalart ile Tiirkce dilinde sahte haber tespiti yapilmistir. Ayrica veri seti,
Twitter platformunda belirlenen konulardan toplanmis 0zgiin bir veri setidir. Sosyal
medya platformlarindan yayinlanan Tiirkge mesajlar lizerinde sahte haber tespiti yapan
ilk ¢calismadir. Calismada kullanilan yontem, Tiirk¢e dilinde yapilmis makine 6grenmesi
ile yapilan sahte haber tespiti ¢alismasindan daha iyi sonuglar vermistir.

3. Veri seti

Calismamizda Twitter internet sitesinde paylasilan sahte haber tweet mesajlarinin tahmin
edilmesi amaglanmistir. Bu nedenle belirlenen 6 konuda tweet mesajlar1 toplanmis ve
manuel olarak etiketlenmislerdir. Daha sonra bu konularin i¢inden sahte haber sayis1 ve
tweet mesaji1 sayisit fazla olan konular secilmistir. Sonug¢ olarak 3 konu veri setine
eklenmistir.

3.1. Tweet mesajlarinin toplanmasi

Twitter sitesinde paylasilan tweet mesajlarinin toplanmasi igin Twitter tarafindan
“Twitter Search API” uygulama programlama arayiizii sunulmaktadir. Bu arayiiz
Standart, Premium ve Enterprise olmak iizere 3 farkli siirimde kullanicilara
sunulmaktadir. Ucretsiz olan standart siiriimde son 7 giin iginde paylasilmis olan tweet
mesajlar1 ¢ekilebilmekte, ticretli olan diger premium ve enterprise siirlimlerinde ise
herhangi bir tarih sinirlamasi bulunmamaktadir [29]. Standart API kullanilmas1 denenmis
fakat ticretsiz sunulan bu uygulama programlama arayiiziiniin (API) sadece son 7 giin
icerisindeki tweet mesajlar1 ¢ekebilmesinden dolayr bu uygulama programlama
arayiiziiniin etiketsiz tweet mesajlarini toplamak icin kullanilmasindan vazgecilmistir.

TweetScraper [30] uygulamasi ile Twitter platformundaki aranan konudaki tiim mesajlar

“.txt” uzantili dosyalar halinde ¢ekilip bilgisayarda bir klasore kaydedilebilmektedir. Bu
“txt” uzantilh dosyalarin i¢cinde tweet mesajlar1 JSON formatinda tutulmaktadir. Bu
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uygulama ile Twitter API uygulama programlama arayiizii ile ¢ekilen bilgiler kadar
kapsamli olmasa da herhangi bir zaman araligt olmadan tweet mesajlari
cekilebilmektedir. Uygulama verileri toplarken kullanicinin  gordigii  Twitter
sayfasindaki igerikleri tarayarak olusturdugu icin Twitter API kadar kapsamli bilgi
verememektedir.

3.2. Konu se¢cimi

Haber makalelerinin dogrulugunu kontrol eden bir¢ok siteler bulunmaktadir. Teyit.org,
organizasyonel ve editoryal siire¢lerinin Uluslararast Dogruluk Kontrolii Agi’nin (IFCN
- International Fact-checking Network) prensipleriyle uyustugunu gosterir IFCN
sertifikasi bulunan haber dogrulama sitesidir [31]. Tweet mesajlarinin ¢ekilmesinde konu
secimi icin teyit.org internet sitesinde bulunan sahte haberlerden sayica fazla tweet
bulunan konular se¢ilmistir.

Tiim hastanelere 4440911 telefon numarasindan ulasilabilecegi iddiasi, Bayburt
Havalimani'min yolcu garantili olarak yaptirilmasi iddiasi, hamile kadina saldiran
baklavacilarin dagittig1 iicretsiz baklavalari almak isteyenlerin kuyruk olusturdugu
iddiasi, Falcao'nun Galatasaray takimina geldigi iddias1, Istanbul Havalimani'nda hava
taksi yolunun ¢oktiigii iddias1 ve Kuleli Askeri Lisesi'nin satildigi iddiasindan olusan
76738 tane tweet mesaj1 toplanmaistir.

3.3. Veritabaninin olusturulmasi ve tweet mesajlarinin kaydedilmesi

Cekilen tweet mesajlarint saklamak i¢in ve Boliim 3.4'de anlatilacak olan manuel
etiketleme kullanici  arayiliziinlin = olusturulmast i¢in  bir iligkisel veritabani
olusturulmustur. Bu veritabaninda Tweet mesajlar1 “Tweet” tablosunda ve bu tweet
mesajlarini gonderen kullanicilarin bilgileri ise “User” tablosunda tutulmaktadir.

TweetScraper ile belirlenen 6 konuda toplam 76738 tweet mesaji toplanmistir. Daha
sonra JSON formatinda “.txt” uzantili dosyalar i¢inde bulunan bu tweet mesajlarini
iligkisel veritabanina aktarmak i¢in C# konsol uygulamasi olusturulmus ve tiim bu tweet
mesajlari iligkisel veritabaninda saklanmustir.

3.4. Verilerin etiketlenmesi

Denetimli 6grenme algoritmalar1 siiflandirma islemini yapabilmeleri i¢in etiketli
verilere ihtiya¢ duymaktadirlar. Bu nedenle Twitter platformu iizerinden toplanan veriler
denetimli 6grenme algoritmalarinda kullanilmak iizere etiketli olmalar1 gerekmektedir.

Manuel etiketlemenin yapilabilmesi i¢in, ASP.NET MVC catis1 kullanilarak C#
programlama dili ile bir kullanic1 arayiizii olusturulmustur. Toplanan tweet mesalari
etiketleyiciye gosterilmis ve etiketleyiciden “Sahte, Dogru, Alay, Soru, Kisisel Goriis,
Gereksiz ve Atla” etiketlerinden birini tercih etmesi istenmistir (Sekil 5). Ayn1 zamanda
kullanici arayiiziinde bilgilendirme amacli konu bazli etiketli mesaj sayilar1 ve tiim etiket
sayilar1 da gosterilmektedir. “Aranan Kelime” kisminda sayisal bilgilerin 6niindeki Sahte,
Dogru, vb. baghklar tiklandiginda o konu ile 1ilgili etiketlenmis mesajlar
goriilebilmektedir. Sag tarafta bulunan etiketler tiklandiginda ise tiim konular i¢in Sahte,
Dogru, vb. ile etiketlenen mesajlar goriilebilmektedir.
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Son Mesaj Yanls Isaretledim!

1D: 315024498908858508
Tarih: 22 Mart 2013 Cuma Saat: 11:57
Aranan Kelime: falcaoGalatasaray (Kalan: 57842 Fake: 119 Dogru: 1 Alay: 5 Soru: 3)

Mesaj: ¢ Burak #Yilmaz igin Avrupada en faydali basamak Atletico olur. Omedin Forlan Falcac Aguere gibi, #Galatasaray ¥Atletico

Etiketlenmemiy: 58583
Kigisel Etiketlenmig: 18155

. ) Gériig EAIWE s Fake: 1249 Dogru: 495
Alay: 179 Soru: 161

Atlanan ve Gereksiz: 15936
4

Mesaj Sahibi: Futbelists

Kullanics Adr: futbolists_tr

Kullanics Agrklama: Son Dakika Haberler | Yorumlar | Analiz | Spor Toto Super Lig | Avrupadan Futbol
Kullansc: Adres:

Follower Sayisi: 82

Favourite Sayisi: 40

Friend Sayisi: 8

Status Sayisi: 621

Listed Sayisi: 0

Sekil 5. Manuel etiketleme yapilabilmesi i¢in olusturulan kullanici arayiizii.

Belirlenen konular teyit.org iizerinden ve cesitli kaynaklardan teyit edildikten sonra,
tweet mesajlart olusturulan kullanici arayiizli araciligiyla etiketlenmistir. Eger bir tweet
mesaj1 yanlis etiketlenirse veya yanliglikla farkli bir etiket segilirse kullanici arayiiziiniin
en iistiinde bulunan “Son Mesaj1 Yanlis Isaretledim” butonu ile son etiketlenen mesajin
etiketi iptal edilebilmektedir.

Veritabaninda bulunan 76738 adet tweet mesajinin 18021 tanesi etiketlenmistir. Bu
etiketlenen tweet mesajlarindan 1249 tanesi sahte, 496 tanesi dogru, 179 tanesi alay, 161
tanesi soru, 40 tanesi kisisel goriis ve 15896 tanesi ise gereksiz olarak etiketlenmistir.

3.5. Etiketlenen verilerin secilmesi

Tweet mesajlari etiketlendikten sonra, etiket bazinda en az tweet mesaj1 sayis1 180 olarak
gorlilmiistiir. Her konuda esit sayida ve esit etiketlerde tweet mesajlar1 alinmistir. Bu
nedenle, 180 dogru ve 180 sahte tweet mesajina sahip olan konular se¢ilmistir. Daha sonra
iki metin arasindaki eklenen silinen karakterleri de dikkate alarak benzerlik puani
olusturan, Levenshtein Mesafe Algoritmasi kullanilarak tweet mesajlarinin her birinin
digerleri ile benzerlikleri dl¢iilmiis ve 0.5 degerinin altinda benzerlik orani ¢ikan tweet
mesajlar1 Denetimli 6grenme ve denetimsiz 6grenme modellerinde kullanilmak {izere
secilmistir.

max(i, ), min(i,j) = O ise,
o levap,(i—1,j) +1
levap (L)) = min{lev,p(i,j—1) +1 , diger durumlarda. (M

lev,,(i—1,j— 1) + 1(a; # b;)
Denklem 1'de a ve b metinlerinin Levenshtein Uzaklig1 denklemi verilmistir. a; = b;

oldugu zaman, 1(4,+p,) gosterge fonksiyonu 0, diger durumlarda 1'dir. lev,; (i, j), a
metninin ilk i karakteri ile b metnin ilk j karakteri arasindaki uzaklig1 hesaplar [32].
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Levenshtein Uzaklig1 uygulanan, benzer tweet mesajlar1 ¢ikarildiktan sonra her konuda
90 dogru, 90 sahte tweet mesaji alinmistir. Bu 3 konudaki tweet mesajlar1 asagida
aciklanmistir.

e Konu-1: Bayburt Havalimani'nin T.C. Ulastirma ve Altyap1 Bakanlig tarafindan
yillik 2 milyon yolcu garantili olarak yaptirildig1 iddiasina (Konu-1) ait dogru tweet
mesajina Ornek olarak “Bayburt un yilda 2 milyon yolcu kapasiteli havalimani
olacakmis ahxnbabxbabd” tweet mesaj1 verilebilir. Yanlis tweet mesajina 6rnek
olarak ise “Bayburt 'a 2 milyon yolcu garantili havalimani. Kendine giivenen bir
ekonomi profesorii bunu bize anlatsin.” tweet mesaji verilebilir. Dogru ve yanlis tweet
mesaj1 orneklerine bakildiginda “garantili” ve “kapasiteli” kelimeleri tweet mesajinin
gercek veya sahte oldugunu gostermektedir. Bu konudaki tweet mesajlar1 “Bayburt
havaliman1” arama ciimlesi kullanildiginda Temmuz 2009 ile Eyliil 2019 tarihleri
arasindaki tweet mesajlarin1 kapsamaktadir.

e Konu-2: Galatasaray futbol kuliibiiniin Radamel Falcao isimli futbolcuyu transfer etti
iddiasia (Konu-2) ait dogru tweet mesajina drnek olarak “Kafay: Falcao ile bozduk
dogrudur gelecekse gelsin artik #Galatasaray” veya “Bu gece de bekledik gelmedin
@FALCAO #ultrdAslan #Galatasaray” tweet mesajlart verilebilir. Yanls tweet
mesajina Ornek olarak ise “@FALCAO Galatasaray camiamiza haywli olsun.” veya
“Ve Galatasaray Falcao ile anlastigini Borsaya bildirdi!” gibi tweet mesajlart
verilebilir. Tk konudan farkli olarak bu konudaki tweet mesajlarinda sahte tweet
mesajlart ile gergek tweet mesajlar1 tamamen farkli kelimelerden olusabilmektedir.
Bu konudaki tweet mesajlar1 “Falcao Galatasaray” arama ciimlesi kullanildiginda
Nisan 2011 ile Agustos 2019 tarihleri arasindaki tweet mesajlarint kapsamaktadir. Bu
tarihlerde Galatasaray futbol takimi tarafindan Radamel Falcao isimli futbolcunun
transferi gergeklesmemis fakat daha sonraki tarihlerde bu transfer gergeklesmistir.

e Konu-3: Kuleli Askeri Lisesi'nin T.C. Kiiltiir ve Turizm Bakanlig1 tarafindan satildig:
iddiasina (Konu-3) ait dogru tweet mesajlarina 6rnek olarak “Kiiltiir ve Turizm Bakani
Mehmet Nuri Ersoy, Kuleli Askeri Lisesi’nin satildigina iligkin sosyal medya ve
basina yansiyan haberlerin tamamen asilsiz oldugunu belirtti.” tweet mesaji
verilebilir. Yanls tweet mesajlarina 6rnek olarak ise “Kuleli askeri lisesi araplara
satilmis ” tweet mesaji verilebilir. Bu konudaki tweet mesajlart “kuleli askeri lisesi”
arama climlesi kullanildiginda May1s 2009 ile Agustos 2019 tarihleri arasindaki tweet
mesajlarindan olusmaktadir. Bu konudaki tweet mesajlarinda da sahte tweet
mesajlarinda “satilmig” kelimesi gecerken, gercek tweet mesajlar1 ise farkli
kelimelerden olusmaktadir.

4. Materyal- metod

4.1. Dogal dil igleme

Dogal Dil Isleme, insanlarin iletisimde kullandiklar1 dogal dillerin makinenin anlamasini
saglayan bir bilim dalidir. Ik &rnekleri, dogal dillerin birbiri arasinda gevrilmesini konu
alan makine cevirisi ile baslamistir. Dogal Dil Isleme ilk zamanlarda geleneksel
yontemlerle yapilmakta fakat ilerleyen zamanlarda makine 6grenmesi kullanarak etkili
sonuglar vermeye baslamistir. Makine 6grenmesinin kullanilmasi ile Dogal Dil Isleme
taninir hale gelmis ve yapilan ¢alismalar artmistir. Bu calismada da makine 6grenmesi
kullanarak dogal dil isleme yontemleri ile sahte ve gercek haber tespiti yapilmustir.
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Tirkiye'de dogal dil isleme ¢aligmalar1 1973'de kural tabanli ¢calismalarla baglamis olup,
1990 yilindan itibaren ise istatistiksel ¢caligsmalarla birlikte makine 6grenmesi ¢aligmalari
baslamistir. Tiirk¢e de sahte haber tespiti iizerine sadece 2 ¢calismaya rastlanmustir.

4.2. Ozellik ¢ikarimi

4.2.1. TF-IDF

Makine dgrenmesi ile yapilan Dogal Dil isleme ¢alismalarinda, matematiksel islemlerin
yapilabilmesi i¢in metinsel ifadelerin vektorel ifadelere doniistiiriillmesi gerekmektedir.
Bu yontemlere vektor uzay1 modeli ad1 verilir. Bu yontemlerden biri olan TF-IDF dogal
dil islemede sikca kullanilmaktadir. TF-IDF, makine 6grenmesine girdi olarak verilecek
olan verilerde tahmin yapmak i¢in bir kelimenin ne kadar énemli oldugunun degerini
bulan istatistiksel yontemdir. Bu yontemde once terim siklig1 degeri hesaplanir. Terim
sikliginda, her kelimenin her bir dokiimanda kag kere gectigi hesaplanir. Daha sonrasinda
ise Ters dokiiman siklig1 hesaplanarak, terim siklig1 ile ters dokiiman siklig1 degeri
carpilarak her kelime i¢in TF-IDF skoru belirlenir.

Bu calismada vektor uzay modeli, tweet mesajlarin1 temsil etmek icin kullanilmistir.
Tweet mesajlar1 kiigiik harfe donistiiriilerek python dilinin NLTK kiitiiphanesinin
“Word_tokenize” metodu ile kelimelere ayrilmistir [33]. Yine NLTK kiitiiphanesinin
“stopwords” metodunda bulunan Tirk¢e dilindeki durak kelimeler kaldirilmis ve
harflerden ve alfa karakterlerden olusan kelimeler kullanilmistir. Her bir kelimeye
benzersiz bir numara verilmistir. Daha sonra “sklearn” kiitliphanesinin “TfidfVectorizer”
metodu kullanilarak her bir kelimenin TF-IDF skoru hesaplanmistir. Her bir d
dokiimaninda (bu c¢alismada, her bir tweet mesajinda) gegen t teriminin TF skorunu
hesaplamak i¢in Denklem 2 kullanilir.

f(t,d) = d dokiimanindaki t teriminin siklig

f(t,d) (2)
ng

TF(t,d) =

Burada ng, d dokiiman dizisinin boyutunu (bu ¢alismada tweet mesajlarinin sayisini)
temsil etmektedir. TF skorunun hesaplanmasindan sonra ise ters dokiiman siklig1 degeri
hesaplanir. Ters dokiiman sikliginda ise, bir kelimenin ka¢ farkli dokiimanda gectigi
kontrol edilmektedir. Tersine dokiiman sikligin1 hesaplamak i¢in Denklem 3 kullanilir.

IDF(t) = log (1 ; D) 3)

t

Denklemde D dokiiman dizisini (bu calismada, tweet mesajlarinin dizisini), D, ise t
teriminin gectigi dokiiman dizisini temsil etmektedir. Denklemde bulunan log fonksiyonu
ise sOniimleme fonksiyonudur (dampening function). d dokiimanindaki her bir
t teriminin TF-IDF skoru Denklem 4 ile hesaplanir;

TF — IDF(t,d) = TF(t,d) x IDF(t) 4)
4.2.2. Word2Vec

Word2vec kelime temsili modeli bir kiitliphanedeki kelimeleri girdi olarak alarak sinir
agi ile egitip, kelimeler arasindaki benzerlikleri istenen boyutta bir vektor ile temsil eden
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yontemdir. Skip-gram ve Cbow olmak iizere iki yontem ile sinir ag1 egitilmektedir. Skip
gram yonteminde bir kelime modele girdi olarak alinir ve girdi olarak modele giren
kelimenin dncesi ve sonrasindaki n adet kelime tahmin edilir. Cbow yonteminde ise girdi
olarak bir kelimenin dncesi ve sonrasindaki kelimeler alinir ve model tarafindan o kelime
tahmin edilir [34].

Word2Vec yontemi tarafindan her kelime igin belirlenen boyutta bir vektor
olusturulmaktadir. Bir tweet mesaji, mesajda bulunan her kelimeye karsilik gelen kelime
vektori ile eslestirilerek, tweet mesaji ve kelime vektorlerinden olusan bir matrise
dontstiiriiliir. Algoritmalara verilen matris boyutlarinin esit olmasi gerekmektedir. Bu
nedenle bir tweet mesajindaki kelime sayis1 50 olarak belirlenmistir. 50 kelimeden az olan
tweet mesajlarini 50 kelimeye tamamlamak i¢in sonuna vektér boyutuyla ayni boyutta
olan sifir vektorleri eklenmistir. 50 kelimeden fazla olan tweet mesajlarinin ise ilk 50
kelimesi dikkate alinmustir.

4.2.3. Doc2Vec

Doc2Vec modeli ise Word2Vec modeline benzer sekilde kelime temsili i¢in bir vektor
hesaplamaktadir. Word2Vec modelinde her bir kelime i¢in belirlenen boyutta vektor
olusturulurken, Doc2vec yonteminde her bir dokiiman (bu ¢aligmada her bir tweet mesaj1)
icin belirlenen boyutta bir vektor olusturulur [35]. Word2vec modelinin Cbow yontemine
benzer sekilde dokiimanda bulunan kelimeleri girdi olarak alir ve her dokiiman i¢in
belirlenen boyutta dokiimani temsil edecek bir vektorii ¢ikti olarak vermektedir.

4.3. Makine Ogrenmesi

Makine 6grenmesi, sensorler ve algilayicilardan toplanan veya veritabaninda biriken ¢ok
sayida verinin smiflandirilmasi, kiimelenmesi veya tahminini olanakli kilan
algoritmalarin tasarim ve gelistirme siireclerini konu alan bir bilim dalidir. Makine
O0grenimi ile bilgisayarlara karmasik Orilintiileri tanima ve karar verme becerisi
kazandirilmasi amaclanmaktadir. Istatistik, olasilik, veri madenciligi, oriintii tanima ve
yapay zeka gibi alanlarla yakindan iligkilidir [10].

4.3.1. Denetimli Makine Ogrenmesi

Denetimli 6grenmede veriler giris olarak ve bu verilerin etiketleri de ¢ikti olarak makine
O0grenmesi algoritmasina verilir. Algoritma tarafindan eldeki verilerden bir fonksiyon
Ogrenilerek yeni verilerin hangi ¢iktiya sahip olacagi tahmin edilir [36].

Bu ¢alismada K En Yakin Komsu, Destek Vektor Makinalar1 ve Rassal Orman denetimli
o0grenme algoritmalar1 kullanilmistir.

e K En Yakin Komsu algoritmasi: KNN algoritmasi, disaridan bir k hiper parametresi
almaktadir. Bu k parametresi smiflandirilacak olan bir veriye en yakin k adet
komsuyu belirtir. Sniflandirilacak olan veriye en yakin olan k adet elemanla uzaklik
Olciiliir. Bu uzakliklar 6klid, manhattan, minkowski, hamming ve kosiniis uzaklik
metotlar1 gibi farkli metotlar ile dlgiilebilmektedir. Uzaklik hesaplama metotlarinin
sonucuna gore, siiflandirilacak olan yeni veri hangi sinifa daha yakin ise o sinifa
dahil edilir [37].

Bu c¢alismada sklearn kiitiiphanesinin “KNeighborsClassifier” metodu kullanilmistir.

Bu metoda k hiper parametresi $k=2$ olarak verilmistir. Uzaklik hesaplama metodu
algoritmaya parametre olarak girilmemistir. Bu deger girilmediginde
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“KNeighborsClassifier” metodu varsayilan olarak “Minkowski” metodunu
kullanmaktadir.

Destek Vektor Makineleri algoritmasi: SVM algoritmasi, egitim verisinde bulunan
vektorleri farkli siniflara ayirmak icin en optimal olan hiper diizlemleri belirler.
Lineer olmayan diizlemleri belirlemek i¢in 3 farkli 6grenme makinesi g¢ekirdek
fonksiyonu belirlenmistir. Bunlar; Polinom Ogrenme Makineleri, Radyal Temelli
Fonksiyon ve Iki Katmanli Sinir Aglaridir [38].

Bu calismada, “sklearn” kiitiiphanesinin “SVC” metodu kullanilmigtir. Lineer
olmayan diizlem belirlemek igin ¢ekirdek fonksiyonu olarak, bu metotta varsayilan
olarak kullanilan Radyal Temelli Fonksiyon (Radial Basis Function-RBF)
ayarlanmistir.

Rassal Orman algoritmasi: Bir karar agaci algoritmasi olan Rassal Orman
algoritmasinda, algoritma farkl alt setler secerek farkli karar agaglar1 olusturur. Her
olusan karar agaci tahminde bulunur. Daha sonra siniflandirmada bu tahminler i¢in
en yiiksek deger olan segilir. Birden c¢ok alt set olusturulmasindan dolay:1 karar
agaclarimin asir1 6grenme problemi bu algoritmada azalmaktadir [39].

Bu calismada, “sklearn” kiitiiphanesinin “RandomForestRegressor” metodu
kullanmilmistir. Ormandaki aga¢ sayisini belirten hiperparametre olan “n_estimators”
parametresi 1000 olarak ayarlanmistir.

4.3.2. Denetimsiz makine dgrenmesi

Denetimsiz 6grenme algoritmalarinda veriler algoritmaya girdi olarak verilir. Ayrica
algoritmanin bu verileri ka¢ kiimeye ayiracagi da bildirilir. Algoritma tarafindan verilerin
iligkileri ve yapilar1 6grenilerek en anlamli sekilde istenen sayida kiimeye ayrilir [30].

Bu ¢aligsmada K-ortalamalar, Negatif Olmayan Matris Carpimi ve Dogrusal Diskriminant
Analizi denetimsiz 6grenme algoritmalar1 kullanilmastir.

K-ortalamalar algoritmasi: K-means algoritmasi, disaridan hiper parametre olarak
kiime sayisin1 almaktadir. Verile kiime sayist kadar merkez nokta rasgele olarak
atanarak k adet kiime olusturmaya calisir. Rasgele atanan noktalar kiimelemede
zayifliklar olusturabilmektedir. Bu problemin Oniine geg¢ebilmek ve daha iyi merkez
nokta secilebilmeyi saglamak i¢in K-means++ algoritmasi gelistirilmistir [40].

Bu c¢alismada, “sklearn” kiitliphanesinin “KMeans” metodu kullanilmistir. Kiime
sayisini belirten “n_clusters” parametresi sahte ve sahte olmayan etiketlerini temsil
etmek tlizere 2 olarak ayarlanmistir. Metot varsayilan olarak “k-means++"" yontemini
kullanmaktadir.

Negatif Olmayan Matris Carpimi algoritmasi: Negatif Olmayan Matris Carpimi, k-
ortalamalar kiimeleme algoritmasi ve temel bilesenler analizi yontemlerine alternatif
olarak Onerilmistir [41]. Bu yontemde amag, verilen negatif olmayan bir matrise iki
negatif olmayan matris ¢arpimi cinsinden yaklasmaktir. Bir¢ok calismada boyut
azaltma algoritmasi olarak kullanilmis olsa da dokiiman kiimeleme i¢in kullanildig:
calismalarda mevcuttur [42], [43].
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Bu calismada, “sklearn” kiitiiphanesinin NMF metodu kullanilmistir. Kiime sayisin
belirten “n_components” parametresi Sahte ve Sahte olmayan etiketlerini temsil
etmek lizere 2 olarak ayarlanmistir. TF-IDF, Word2vec ve Doc2vec kelime temsili
yontemleri ile algoritma egitilmistir.

Word2Vec ve Doc2Vec yontemlerinde elde edilen vektorler pozitif ve negatif
sayilardan olusabilmektedir. NMF yoOntemi ise sadece negatif olmayan sayilar1 girdi
olarak kabul eder. Bu nedenle Word2Vec ve Doc2Vec tarafindan olusturulmus
vektorlerdeki en kiigiik negatif sayilar bulunup bu sayilarin mutlak degeri, vektordeki
tiim sayilara eklenmistir. Bu sayede kelime vektorii, negatif olmayan sayilardan
olusmustur.

e Dogrusal Diskriminant Analizi algoritmasi: Dogrusal Diskriminant Analizi, verileri
benzerliklerine gore kiimelemek i¢in bir hiperdiizlem belirler [44].

Bu calismada, “sklearn” kiitiiphanesinin “LinearDiscriminantAnalysis” metodu
kullanmilmistir. Kiime sayisini belirten “n_components” parametresi Sahte ve Sahte
olmayan etiketlerini temsil etmek tizere 2 olarak ayarlanmistir. TF-IDF, Word2vec ve
Doc2vec kelime temsili yontemleri ile algoritma egitilmistir.

4.3.3. Makine ogrenmesi algoritmalarini degerlendirme

Makine 6grenmesi algoritmalarinin basarisinin Ol¢iilmesi i¢in Hata matrisi (confussion
matrix) kullanilmaktadir. Tablo 1'de hata matrisinin yapis1 gosterilmistir. Bu matriste kag
adet dogru tahmin yapildigi, ka¢ adet yanlis tahmin yapildigi goriilebilmektedir.
Cizelgede bu calisma dikkate alindiginda; S sahte haberleri, G gercek haberleri, S sahte
haber tahminini, G' ise gercek haber tahmini gostermektedir. P sahte haberlerin toplam
sayisini, N gerg¢ek haberlerin toplam sayisini, P’ tahmin edilen sahte haberlerin toplam
sayisini ve N’ ise tahmin edilen gercek haberlerin toplam sayisin1 géstermektedir. 7P,
dogru tahmin edilmis sahte haber sayisini temsil etmektedir. FP ise, sahte haber olarak
tahmin edilmis fakat gergek haber olmasi gereken verilerin sayisini temsil etmektedir.
TN, dogru tahmin edilmis gercek haber sayisini temsil etmektedir. Son olarak FN ise,
gercek olarak tahmin edilmis fakat aslinda sahte haber olan verilerin sayisini temsil
etmektedir.

Tablo 1. Hata Matrisi

S’ G’
S IP | FN P
G FP | TN N
P’ N’

Kesinlik (precision) degeri, algoritmanin tahmin ettigi verilerden ne kadarmin ilk kiimede
dogru tahmin edildigini gosterir. Sahte ve gercek haber tespiti problemi dikkate
alindiginda, veri setinde bulunan sahte haberlerin kag¢ tanesinin sahte haber olarak
secildiginin oranin1 vermektedir. Kesinlik degeri ne kadar yiiksek ise ilk kiimede dogru
etiketledigi eleman sayis1 o kadar fazladir. Denklem 5'de Kesinlik metrik degerinin
denklemi verilmistir.
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oot — TP _TP “
S = b Y FP P

Duyarlilik (recall) degeri ise algoritmanin 1. kiimede etiketledigi verilerin ne kadarinin
dogru etiketlendigi oraninmi verir. Yine sahte haber tespiti problemi diisiiniildiigiinde;
algoritmanin sahte haber olarak isaretledigi verilerin tiim sahte haberlere oranini
vermektedir. Denklem 6'da Duyarlilik metrik degerinin denklemi verilmistir.

puyariiitk = ——— = 2 (6)
Wt = Py FN P

Kesinlik ve Duyarlilik degerlerinin harmonik ortalamasi F1 metrik degeri vermektedir.
Denklem 7'de fl-metrik degerinin denklemi verilmistir.

F1 trik = 2 Kesinlik x Duyarlilik ;
MEHTHE = £X Kesinlik + Duyarlilik )

5. Bulgular

Calismada Twitter {izerinden toplanan ve etiketlenmis 3 konu ile ilgili tweet mesajlari,
TF-IDF o6zellik ¢ikarimi kullanilarak denetimli 6grenme ve denetimsiz 6grenme
algoritmalar1 ile sahte ve gergek olarak tahmin edilmeye ¢alisilmistir. Algoritmalarin 6n
yargisini kaldirmak igin her bir algoritma 100 defa calistirilmis, her adimda konulardaki
tweet mesajlar1 rasgele karistirilmis ve tiim mesajlarin hem egitim setinde hem de test
setinde bulunabilmesi saglanmis ve F1 metrik degerlerinin ortalamalar1 ile F1 metrik
degerlerinin standart sapmalar1 incelenmistir.

Yapilan tahminler sonucunda denetimli 6grenme algoritmalarinin F1 metrik degerlerinin,
denetimsiz 6grenme algoritmalarinin F1 metrik degerlerine gére daha yiiksek oldugu
goriilmiistiir. Denetimsiz 6grenme algoritmalarinda sahte haber tespiti neredeyse sans
eseri tahmin edilebilirken, denetimli 6grenme algoritmalarinda tahmin etme orani
oldukga yiiksek ¢cikmistir.

Sekil 6.a'da denetimli 6grenme algoritmalarinin F1 metrik ortalamalar1 ve standart
sapmalar1 hata ¢ubuklar grafiginde gosterilmistir. Sekil 6.b'de ise denetimsiz 6grenme
algoritmalarmin F1 metrik ortalamalar1 ve standart sapmalar1 hata ¢ubuklar1 grafiginde
gosterilmistir. Denetimsiz 6grenme algoritmalari etiketli veri setine thtiya¢c duymadan var
olan verileri benzerliklerine gore kiimeler. Bu nedenle denetimsiz §grenme
algoritmalarinin, 3 farkli konuyu kiimeleme yaparken tiim tweet mesajlar1 verildiginde,
bu tweet mesajlarmi Konu-1 ve Konu-3 ayni kiimede, Konu-2 ise diger kiimede olacak
sekilde ayirdig1 goriilmiistiir. Denetimsiz 6grenme algoritmalar1 3 farkli konuyu 2 farkli
kiimede temsil etmeye caligsmistir.
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Sekil 6. a) Denetimli 6grenme algoritmalarinin F1 metrik ortalamalarini ve standart
sapmalarini gosteren hata ¢ubuklart grafigi. b) Denetimsiz 6grenme algoritmalarinin F1
metrik ortalamalarini ve standart sapmalarin1 gosteren hata ¢cubuklari grafigi.

Denetimsiz 6grenme algoritmalarin F1 metrik degerlerini yiikseltebilmek i¢in her konu
algoritmaya ayr1 ayr1 verilmistir. TF-IDF kelime torbasi yontemine ek olarak, Word2Vec
ve Doc2Vec kelime gommeleri yontemleri de kelime temsili i¢in kullanilmistir.
Algoritmalarin 6n yargisini kaldirmak i¢in her algoritma 100 defa calistirilmistir. Her
adimda konulardaki tweet mesajlar1 rasgele karistirilmis ve tiim mesajlarin hem egitim
setinde hem de test setinde bulunabilmesi saglanmistir. Bu her adimda karistirilan veri
setinin, %70'1 modeli egitmek i¢in egitim seti, %30'u ise bu algoritmalarin basarisini
Olemek igin test seti olarak kullanilmigtir. Her algoritma i¢in 100 adet F1 metrik degeri
hesaplanmis ve bu F1 metrik degerlerinin ortalamast alimmstir (Sekil 7, 8, 9).

Denetimsiz Ogrenme (Konu-1)

1.0

BN TF-IDF
. w2v
0.8 . D2V
0.6
0.4
0.2
0.0+

K-means NMF LDA

Sekil 7. Konu-1 ortalama F1 metrik degerleri.
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Denetimsiz 6§renme (Konu-2)
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Sekil 8. Konu-2 ortalama F1 metrik degerleri.

i Denetimsiz Ogrenme (Konu-3)
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Sekil 9. Konu-3 ortalama F1 metrik degerleri.

Denetimsiz 6grenme algoritmalarindan K-means algoritmasinin kiimeledigi verilere
bakildiginda; Konu-1 i¢in, “80 bin niifusu ile Tiirkiye 'nin en az niifuslu sehri olan Bayburt
‘a, 285 milyon liraya, senelik 2 milyon yolcu kapasiteli havaalani yapilacakmis. 80 bin
niifuslu sehre, 2 milyon yolcu kapasiteli havaalani, 285 milyon liraya!” gergek haber
tweet mesajidir ve algoritma tarafindan da gergek olarak etiketlenmistir. “Bayburt 80 bin
niifusu ile Tiirkiye'nin en az niifuslu ili. Bu ile 2 milyon kapasiteli havaalani yapilacak ve
havalant i¢cin yurt disindan borg¢ alinacak. Malum miiteahhite 20 yil kar etme garantisi
verilecek. Sonra ekonomi ¢okiince ABD batirdi, oyunlar oynaniyor.” tweet mesaji ise
sahte haber tweet mesaji oldugu halde ger¢ek olarak kiimelenmistir. Bu Ornekten
goriilecegi gibi pek ¢ok ortak kelime bulunan iki farkli kiimede bulunan tweet mesajlari
algoritma tarafindan ayni kiimeye dahil edilmistir. Ayrica 54 adet test verisinden 5 tanesi
sahte 49 tanesi gergek olarak tahmin edilmis, algoritma verilerin ¢ogunu ayni kiimeye
dahil etmistir.

Denetimsiz 6grenme algoritmalarinin basarilarini arttirmak i¢in hem sahte haber hem de
gercek haber tweet mesajlarinda gegen kelimelerden birkac tanesi ¢ikarilarak sonuglar
incelenmis ve ortalama F1 metrik degerleri biraz daha ytikseltilebilmistir. Word2Vec ve
Doc2Vec kelime temsili modellerinde her kelimenin 6nceki ve sonrasindaki kelimeler de
dikkate alindigi i¢in kelime ¢ikarimi islemi sadece TF-IDF kelime torbasi modeli igin
yapilmistir. Kelime ¢ikariminin ardindan TF-IDF kelime torbasi modeli ile Denetimsiz
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O0grenme algoritmalar1 100 defa ¢alistirilarak ortalama F1 metrik degerleri hesaplanmustir.
Konu-1 tweet mesajlarindan “havaalan1”, “havaliman1” ve "niifus" kelimeleri, Konu-2
tweet mesajlarindan “Falcao” ve “Galatasaray” kelimeleri, Konu-3 tweet mesajlarindan
ise “Haydarpasa”, “Sirkeci”, “Suudi” ve “araplara” kelimeleri ¢ikarilmis ve ortalama F1
metrik degerleri Sekil 10'da gosterilmistir.

10 Denetimsiz Ogrenme

mm K-means
B NMF
. DA

0.8

0.6

0.4

0.2

0.0

Konu-1 Konu-2 Konu-3

Sekil 10. Konulara gore kelimeler ¢ikartildiktan sonra denetimsiz 6grenme
algoritmalarinin hesapladigi F1 metrik degerleri.

Kelimeler ¢ikarildiktan sonra, Konu-2 tweet mesajlar1 ile olusan veri setinde, 0.82
ortalama fl-metrik degeri ile en basarili sonucu veren NMF algoritmasinin sonuglarina
bakildiginda, veri setinin %30 unu temsil eden 54 test verisinden, 19 tanesini dogru haber
kiimesine, 35 tanesini ise sahte haber kiimesine dahil ettigi goriilmiistiir. Tahmin edilen
dogru haber kiimesine bakildiginda ise sadece 2 tweet mesajin1 dogru kiimeleyebilmistir.

6. Sonuclar ve tartisma

Yapilan caligmalara bakildiginda, Tiirkiye'de yasayan insanlarin sahte habere maruz
kalma orani oldukga yiiksek ve sahte haberi ayirt edenlerin oran1 da diisiik oldugu
goriilmektedir. Ayrica sahte haberlerin ilk 2 saatlik dilimde ¢ok fazla paylasildigt
diisiiniildiiglinde sahte haberlerin tespitinde otomatik tespit sistemlerinin kullanilmasi
biiyiik bir 6neme sahiptir.

Denetimsiz 0grenme algoritmalar etiketli veri setine ihtiyag duymadan kiimeleme yapar.
Bu caligmada 3 farkli konu kullanilmis ve Denetimsiz 6grenme algoritmalari ile her bir
konuda iki kiime (gergek, sahte) bulmasi istenmistir. Her bir konudaki veriler %70 egitim
seti, %30 test seti olarak ayrilmistir. Gergek sahte haber kiimeleri egitim seti kullanilarak
3 farkli Denetimsiz 6grenme algoritmasi ile bulunmustur. Bulunan kiimeler kiimeleme
saflig1 yontemi kullanilarak gergek veya sahte haber olduklar1 belirlenmistir.

Buna gore ise, LDA algoritmas1 Konu-1 ve Konu-3 tweet mesajlarinda TF-IDF 6zellik
secimi yontemi ile, K-ortalamalar ve Negatif Olmayan Matris Carpimina gore daha
yiiksek F1 metrik degeri vermistir. LDA algoritmast Konu-2 tweet mesajlarinda ise sahte
tweet mesajlari ile gercek tweet mesajlar farkli kelimelerden olustugundan dolay1 Konu-
1 ve Konu-3 tweet mesajlarinda egitilen modellere gore daha yiiksek F1 metrik degeri
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vermigtir. Kelimelerin tamamen farkli oldugu Konu-2 tweet mesajlarinda NMF
algoritmas1 TF-IDF kelime torbas1 yontemi ile diger modellerden daha yiiksek F1 metrik
degeri verdigi gorilmiistiir.

Denetimsiz 6grenme algoritmalarinin  sonuglar1 incelendiginde; kelime ¢ikarimi
yapilmadan &nce tahmin edilen verilerin bir kiime iginde yogunlastig1 goriilmiistiir. Iki
grup igerisinde ortak kelimelerin ¢ikarimi yapildiktan sonra ise bir kiime igerisindeki
yogunlagma azalmigtir. Tweet mesajlari iki kiimeye daha orantili yayilmistir. Ancak buna
ragmen dogru kiimeleme oraninda istenilen seviyede F1 metrik degerinde bir artis
olmamustir.

Denetimli 6grenme algoritmalarinda KNN algoritmasi; Rassal Orman ve SVM
algoritmasina gore daha diisiik F1 metrik degerine ulasmistir. SVM algoritmasi; Rassal
Orman algoritmasina gore daha yliksek F1 metrik degerine sahip olsa da aralarindaki fark
olduke¢a azdir.

Sonug olarak etiketli veriler ile sahte haber tespitinde denetimli 6grenme algoritmalarinin,
denetimsiz O0grenme algoritmalarina gore daha basarili oldugu goriilmiistiir. Bunun
nedeni; denetimsiz 6grenme algoritmalarinin verileri kiimelemek i¢in bir etikete ihtiyag
duymamasindan kaynaklanmaktadir. Denetimsiz 0grenme algoritmalar1 veriler
arasindaki  benzerliklere gore wverileri kiimelemektedir. Denetimli  §grenme
algoritmalarinda ise modele etiketli veri verildigi ig¢in ayni etiketler arasindaki
benzerlikleri ¢6zmekte daha basarili olmuslardir.

Yapilan bu ¢alismada sahte haberlerin tespiti otomatik bir sistem tarafindan yaptirilmis
ve cok kisa siirede sahte haberin tespit edilmesine olanak saglamistir. Bu sayede kisa
sirede ¢ok fazla paylasim yapilmadan sahte haberin tespiti ve Onlenmesi
saglanabilecektir.

Bu ¢aligmada kelime temsili yontemi olarak TF-IDF kelime torbas1 yontemi, Word2Vec
ve Doc2vec yontemleri kullanilmistir. TF-IDF kelime torbasi modeli, Word2vec ve
Doc2vec kelime temsili yontemlerine gore kiimeleme F1 metrik degerleri daha yiiksektir.
Ayrica Word2vec ve Doc2vec yontemlerine gore algoritmanin egitim siiresi daha kisadir.

Algoritmalarin F1 metrik degerlerini yiikseltebilmek i¢in sosyal medya platformlarinda
kisileri takip edenler ve kisinin takip ettigi kisilerde incelenerek, hesaplarin bot hesap,
sahte hesap veya propaganda i¢in agilmis hesap olup olmamasi ayrimlar1 dikkate
alinabilir. Bu nedenle gelecek calismalarda arkadaslik grafi kullanilarak otomatik tespit
sistemine bu graf, girdi olarak verilecek ve algoritmanin basaris1 arttirilmaya
caligilacaktir.
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Oz

Osrencilerin problem ¢ézme becerilerini gelistirmenin oncelikli bir egitim hedefi
oldugu konusunda matematik egitimcilerinin hemfikir oldugunu soylemek miimkiindiir.
Bu arastrmanmin amact olgek gelistirerek sinif ogretmenlerinin matematik dersinde
problem ¢ozme o6gretim uygulamalarini degerlendirmektir. Arastirma verileri 2018-
2019 ogretim yilinda ilkokulda gérev yapan 388 sinif 6gretmeninden elde edilmistir.
Swnif ogretmenlerinin  ¢esitli boyutlarda problem ¢ozme o6gretim  uygulamalarin
belirlemek amaciyla Likert tipi bir odlgcek gelistirilmis ve dlgegin giivenirlik ve
gecerligine bakilmigtir. Yapi gecgerligi icin agimlayict faktor analizi uygulanmig, toplam
varyansin %58 ’ini agiklayan 26 madde ve 6 faktor elde edilmistir. Dogrulayict faktor
analizi olgegin 6 boyutlu yapisim desteklemistir.  Olgegin i¢ tutarlilik giivenirlik
katsayist 0,90 bulunmustur. Arastirma sonuglari, élgegin sinif 6gretmenlerinin problem
¢cozme ogretim uygulamalar: diizeyini belirlemede kullanilabilecek giivenilir ve gegerli
bir olgme aract oldugunu gostermektedir. Cesitli degiskenlere gore ogretmenlerin
problem  ¢ozme  stratejilerini  gerceklestirme  diizeyleri  karsilastirilmistir.
Ogretmenlerinin  problem ¢ozme dgretim uygulamalarinda mesleki kidemin bazi
problem ¢ozme stratejilerinin gerceklestirilmesinde etkili oldugu tespit edilmistir.

Anahtar kelimeler: Matematik egitimi, problem ¢ozme ogretim uygulamalari, olgek
gelistirme.
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Problem solving teaching practices in primary mathematics
classes

Abstract

1t is possible to say that mathematics educators agree that improving students' problem-
solving skills is a primary educational goal. The purpose of this research is to develop
a scale for problem-solving teaching practices in the classroom teachers' mathematics
class. Research data were obtained from 388 primary school teachers in 2018-2019
academic year. A Likert type scale was developed in order to determine the problem
solving teaching practices of classroom teachers in various dimensions and the
reliability and validity of the scale was examined. An exploratory factor analysis was
applied to construct validity of the scale and 6 factors were obtained which about 58%
of the total variance explained. The internal consistency of the scale was examined by
Cronbach alpha. Confirmatory factor analysis confirms that the structure of the scale
is composed of 26 items and 6 factors. Reliability coefficients were found as 0.90 witht
alpha. The results of the research show that the realizing problem solving strategies
scale is a valid and reliable measurement tool that can be used to determine the level of
problem solving teaching practices according to the self-reports of the class teachers.
The levels of teachers' realization of problem solving strategies were compared
according to various variables.  Significant differences were determined in the
realization of some problem solving strategies in problem solving teaching practices of
teachers according to professional seniority and gender.

Keywords: Mathematics education, problem solving teaching practices, developing
scale.

1. Giris

Matematik egitiminin temel amaci problem ¢ézme ¢abasinin gerektirdigi temel beceriler
kazandirilarak Ogrencileri {ist 6grenimlere ve yasama hazirlamaktir. Ogrencilere
problem ¢dzme becerisini kazandirmanin 6ncelikli bir egitim hedefi oldugu konusunda
matematik egitimcilerinin hemfikir oldugunu séylemek miimkiindiir [1]. Matematik
dersinde problem ¢6zme becerisini Ogrencilere kazandirmak igin Ogretmenin
kullanabilecegi ii¢ farkli yaklasim vardir [2]. Bunlardan birincisi olan “problem ¢ézme
icin 6gretim” yaklasiminda, dgrencilere ogretilmesi amaglanan bilgi ve beceriler 6nce
ogretilir, daha sonra bu bilgi becerilerin uygulama diizeyinde 6grenilebilmesi i¢in
giinliik hayattaki kullanimina yonelik problemler ¢ozdiiriilir. Bdylece, Ogrenciler
hayata ve bir iist 5grenime hazir hale getirilir. Ikinci yaklasim olan “problem ¢izme ile
ogretim”de, problem temelli 6grenme yonteminde oldugu gibi matematikteki bilgi ve
becerileri 6grenmeyi saglayacak problemin 6grencilere ¢ozdiiriilmesi ile 6§renmenin
gerceklesmesi esastir.  Problem ¢ozme etkinliklerini igeren sorgulamaya yonelik
matematik  Ogretiminin, Ogrencilerin matematikte daha yaratict yaklagimlar
gelistirmelerine yardimci olabilecegi savunulmaktadir [3]. Ugiincii yaklasim olan
“problem ¢ozmeye iliskin ogretim” yaklagiminda ise problem ¢6zmede 6nemli goriilen
asamalarin ve stratejilerin 6gretim uygulamalarina ozellikle yer verilerek Ogrencilere
problem c¢o6zme becerisi kazandirilmaya calisilir [4]. Burada belirtilen her {i¢
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yaklasimda da Ogretmenin gdrevi problem ¢ozme stratejilerini  dgrencilere
kazandirmaktir.

Ogrencilerin problem ¢dzme becerisinin gelistirilmesinde etkili olan problem ¢6zme
stratejilerinin belirlenmesi ve bu stratejilerin 0gretimlerinin nasil gergeklestirilmesi
gerektigi ile ilgili birgok arastirma yapilmistir. Cai [5] yaptig1 calismada 4-6.sinif
Ogrencilerinin problem ¢dzmedeki matematiksel diislinceleri incelediginde 6grencilerin
cogunun problemleri ¢6zmek i¢in uygun ¢oziim stratejilerini segebildiklerini ve ¢oziim
siireclerini agikca ifade etmek i¢in uygun c¢oziim temsillerini belirleyebildiklerini
gostermistir.  Follmer [6] problem ¢O6zme ve analitik okuma ile ilgili egitimin
Ogrencilerin  problem ¢O6zme becerilerinin  gelismesine  etkisinin  oldugunu
belirtmektedir. ilkokul dgrencileri iizerinde yapilan ¢alismada [7], ilkokul 3.siniflarda
problem kurma temelli problem ¢6zme &gretiminin problemi yeniden ifadelendirme,
gorsellestirme, niteliksel akil yiiriitme seklindeki alt boyutlarda problemi anlamay1 ve
buna bagli olarak problem ¢d6zme becerisini 6nemli diizeyde gelistirebilecegi sonucuna
varilmigtir. Altun ve Arslan [8] 7. ve 8.smif 6grencileri ile yiiriittiikleri calismada rutin
olmayan (non-routine) matematiksel problemlerin ¢Oziimiinde gerekli olan
basitlestirme, tahmin-kontrol, iliski arama, sekille gosterme, listeleme, geriye dogru
calisma biligsel stratejilerin  kazandirilmasiyla ilgili deneysel bir ¢alisma
gerceklestirmislerdir.  Arsal [9] ilkogretim 4. ve S.smiflarda yaptigi calisma ile
problemi ¢dzme basarisinin yordanmasinda, problemi okuma\anlama ile problemi farkli
sekilde ifade etme stratejilerinin 6nemli derecede etkiye sahip oldugu sonucuna
ulagmustir. Yazgan ve Bintag [10] c¢alismalarinda problem ¢o6ziim planinin
belirlenmesinde kullanilabilen problem ¢6zme stratejilerinin 4. ve 5.smif diizeyindeki
Ogrencilere O0gretilebilecegini ve bu stratejilerin problem ¢dzme basarisini pozitif yonde
etkiledigini rapor etmislerdir. Bir diger ¢aligmanin bulgularina gére 6gretmen adaylar
verilen problem ve ¢oziimlerden hareketle yeni problemler kurmakta zorlanmaktadirlar
[12]. Gokkurt-Ozdemir ve ark,, [13] ortaokul matematik dgretmen adaylarinin problem
¢ozme slireglerinde kullandiklar1 stratejileri inceledikleri ¢alismalarinda adaylarin
cogunun yiizde problemi disinda geriye kalan bes problemi degiskensiz olarak
cozebildikleri goriilmiis, adaylarin kullandiklar: stratejilerin ya da yontemlerin ortaokul
Ogrencileri icin uygun stratejiler ve yontemler oldugu bulgusuna ulasilmistir.

Problem ¢6zme becerisi iilkemizde yenilenen matematik dersi 6gretim programinda
Ogrencilere kazandirilmasi beklenen en temel becerilerden birisidir [14-16]. Matematik
dersinde problem ¢6zmeyi sadece konu anlatimindan sonra 6grencilerin gelistirilmesi
gereken bir becerisi olarak gérmemek gerekir. Aksine, problem ¢ozme ile 6gretim
yaklasimi cergevesinde matematikteki kavram ve genellemeleri 6gretmede temel bir
yaklasim olmalidir. Ogretmenler egitim-dgretimin ilk yillarindan itibaren matematik
konularini islerken 6grencilerin problem ¢dzme becerilerini gelistirmek icin ¢aba sarf
etmek durumundadir. Yapilan ¢aligmalar problem ¢ézme becerilerinin kazanilmasinda
okul oncesi yillarin 6nemine isaret etmektedir [17]. Bireyler matematiksel problem
¢ozmeye iliskin ilk deneyimlerle okul 6ncesi donemde karsilagsmakta, ilkokulda ise bu
gelisimin temelleri atilmaktadir [18]. Ilkokulda bu becerinin gelismis olmasi iist
siiflardaki matematik 6gretiminde oldukg¢a 6nemli bir role sahip olacaktir [14-16].

Ortaokul matematik Ogretmenleri iizerinde yapilan ¢aligmada problem ¢6zme
stratejilerinin derslerde genelde farkinda olmadan, plansizca kullanildigi belirlenmistir
[19]. Ogretmen adaylari iizerinde yiiriitiilen ¢alismalarda uygulamada bazi eksikliklerin
olduguna dikkat ¢ekilmistir. Ornegin, 6gretmen adaylarinin problem ¢6zmeye yonelik
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pedagojik alan bilgilerinin iyi olmasmin yaninda teorik bilgileriyle uygulamada
sergiledikleri 6gretim arasinda tutarsizliklar oldugu belirlenmistir [11]. Ogrenciler
tizerinde yapilan caligmalarda ortaokul Ogrencilerinin problem ¢dzme stratejilerini
uygulamada yeterli olamadiklar1 ifade edilmistir [20]. Bunun yaninda problem ¢dzme
stratejilerinden problemi okuma ve anlama ile problemi farkli ifade etme stratejilerinin
problem ¢6zme basarisin1 yordamada etkili oldugu belirlenmistir [9]. Okudugunu
anlama ve problem ¢dzme stratejileri egitimi alan deney grubunun MEB tabanli
program dahilinde anlama ve problem ¢6zme egitimi alan kontrol grubundan daha
basarili oldugu gozlenmistir [21]. Literatiir bulgular1 bir biitiin olarak ele alindiginda
Ogrencilerin problem ¢6zme becerilerinin gelistirilebilir olduguna ve 6zellikle erken
yaslarda (siniflarda) problem ¢6zme becerisinin kazandirilmasinin 6nemine dair
sonuglara dikkat c¢ekilmektedir. Ilkokul 6grencilerinin problem ¢dzme becerisini
kazanmasinda smif Ogretmenlerinin 6nemli bir role sahip olacagini sodylemek
miimkiindiir. Bu nedenle sinif 6gretmenlerinin matematik derslerinde problem ¢dzme
Ogretimine iligkin algilari, arastirmaya deger bir konu olarak karsimiza ¢ikmaktadir.

Bu aragtirmanin temel amaci, problem ¢6zme O0gretimine iligkin 6gretmenlerin 6gretim
uygulamalarin1  degerlendirmektir. Bu amacgla problem ¢6zme stratejilerini
gerceklestirme diizeylerini giivenilir ve gecerli sekilde olgebilecek bir dlgme aract
gelistirilmis, ayrica siif dgretmenlerinin problem ¢6zme stratejilerini gergeklestirme
diizeyleri cinsiyet, hizmet y1l1 ve okuttuklar1 sinifa gore incelenmistir.

2. Yontem

2.1. Arastirma modeli

Bu c¢alisma betimleme-survey yontemlerinden biri olan genel tarama modelinde
desenlenmigtir. Bilindigi gibi bu tiir arastirmalarda degiskenlerin deneysel ve fiziki
olarak ayarlanmasi, olaylarin meydana gelme veya gelmemesinin kontrolii diye bir sey
yoktur, gergekte lizerinde inceleme ve gozlem yapilmakta olan olaylar ve davranislar,
bu incelemeler yapilmasa bile ayni sekilde devam edecektir [22]. Bu ¢alismada ilkokul
Ogretmenlerinin matematik dersinde problem ¢6zme Ogretim uygulamalarinin
incelenmesi  amacglandigindan  arastirma  yontemi  olarak  betimleme-survey
yontemlerinden biri olan genel tarama modeli tercih edilmistir.

2.2. Calisma grubu

Calisma grubu belirlenirken kiime Ornekleme yontemi kullanilmistir. Bu amagla
Tiirkiye’nin giineydogusunda bulunan bir ilde, sosyo-ekonomik diizey bakimindan
farkli mahallelerde yer alan ilkokullardan 10 tanesi rastgele secilmis, s6z konusu bu
okullarda gorev yapmakta olan 6gretmenler ¢aligmanin kapsamina alinmistir. Sonugcta
calisma grubu, goniilli olarak veri toplama aracin1 cevaplayan 388 smif
ogretmeninden olusmustur. Calisma grubunu olusturan sinif 6gretmenlerinin kisisel
bazi degiskenlere gore dagilimi Tablo 1’de 6zetlenmistir. Calisma grubunu olusturan
siif 6gretmenlerinin %66.2 sinin erkek, yaklasik yarisinin hizmet siiresinin 10 yilin
altinda oldugu, %23.7’sinin birinci siniflart ve %28.6’smin dordiincii siniflart okuttugu
goriilmektedir. Ayrica tiim 6gretmenler i¢in okuttuklar1 sinif mevcudu ortalamasi 31.9
* 8 oldugu anlagilmaktadir.

176



BAUN Fen Bil. Enst. Dergisi, 23(1), 173-186, (2021)

Tablo 1. Calisma grubunun 6zellikleri.

Frekans Yiizde (%)
Cinsiyet Kadin 131 33,8
Erkek 257 66,2
Hizmet Yih 1-5 yil 54 13,9
6-10 y1l 118 30,4
11-15y1l 95 24,5
16-20 yil 52 13,4
21yil+ 69 17,8
Okutulan Simif Lsimf 92 23,7
IL.simf 93 24,0
III.simf 88 22,7
IV.smif 111 28.6
Cevapsiz 4 1,1
Toplam 388 100,0

2.3. Veri toplama aracina iliskin bilgiler

Veri toplama araci hazirlamak amaciyla ilk asamada bir madde havuzu
olusturulmustur. Madde havuzu olusturulurken Ogretmen goriismeleri ve literatiir
taramasindan yararlanilmistir. Bu amagla, 4 Ogretmenle yiliz yiize goriisiilmiis ve
Ogrencilere problem ¢dzme becerisini kazandirirken sinifta neler yaptiklarini yazili
olarak belirtilmesi istenmistir. Ogretim uygulamalar1 maddeleri gretmenlerin
goriisleri, Polya’nin [23] belirledigi problem ¢6zme siirecindeki dort adimla iligkili
alan yazinda yer alan problem c¢dzme stratejileri ve 6grencilerin problem g¢ézme
becerisini gelistirmede Onemsenen Ogretmen davraniglart [7-10] dikkate alinarak
hazirlanmistir. Sonucta madde havuzunda 45 ifade yer almistir. Bu ifadeler egitim
bilimleri ve matematik egitimi alaninda c¢alisan {i¢ akademisyenin goriisiine
sunulmustur. Belirtilen oneri ve uyarilar uzman goriisii seklinde degerlendirilmistir.
Dilbilgisi ve anlasilirlik agisindan uygun olmayan ifadeler diizeltilmis ve amaca uygun
olmayan 4 ifade madde havuzundan ¢ikarilmistir. Uzman goriislerinden sonra 41
maddeden olusan taslak form elde edilmistir. Taslak 6l¢ek formu 4 dereceli Likert
tipinde olup katilimcilar maddelere tepkilerini “1=hig¢bir zaman, 2=ara sira, 3=sik sik,
4=her zaman” se¢eneklerden birini isaretleyerek verebilmektedirler. Bu sekilde
cogaltilan veri toplama araglar1 aragtirmacilar tarafindan ilgili okul idarecilerinin
yardimiyla aragtirmaya goniillii katilan 6gretmenlere okul ortaminda uygulanmustir.

2.4. Verilerin analizi

Veriler ilk olarak kayip veriler ve u¢ degerler bakimindan incelenmistir. Bir veri
toplama aracinda 2 veya daha fazla madde yanitlanmamigsa, kayip veri sorunu
olusturacagi gerekcesiyle bu veri toplama araci analiz dis1 birakilmistir. Madde puani-
Olcek toplam puani korelasyonlari ve madde silindigi takdirde Cronbach alfa katsayisi
degerleri incelenmistir. Olgegin yap1 gecerligi icin faktor analizleri gerceklestirilmistir.
Acimlayic1 faktor analizi sonucunda olusan yapi dogrulayici faktdr analizi ile test
edilmistir.  Dogrulayict faktor analizinde, Olgegin faktér yapisinin gecerli olup
olmadigin1 degerlendirmek i¢in ¢esitli uyum indeks degerleri goz Oniine alinmigtir.
Olgegin giivenirligini belirlemek i¢in Cronbach alpha i¢ tutarlik katsayisi ve madde
toplam puan korelasyonlart incelenmistir. Ortalama puanlar karsilastirilirken t test ve
varyans analizi teknikleri kullanilmistir. Verilerin analizinde Spss 16 ve AMOS paket
programlari kullanilmistir.
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3. Bulgular

Verilerin incelenmesi sonucu u¢ deger kayip veri olan anketler ¢ikarilmis oldugundan
analizler 379 gozlem ile yapilmistir. 41 maddeden olusan taslak 6lgegin i¢ tutarlilik
giivenirlik katsayist 0,94 olarak hesaplanmistir. Taslak Olgekteki her madde igin
diizeltilmis madde toplam puan korelasyonlarinin pozitif oldugu ve en kiiciik degerin
0.24 (p<0.01) oldugu ayrica madde silindigi takdirde alfa katsayisini yiikselten madde
olmadigr goriilmistiir. Bu nedenle bu asamada tiim maddeler ile faktér analizi
yapilmustir.

3.1. Agimlayici faktor analizi

Faktor analizi i¢in verilerin uygun olup olmadigini belirlemek amaciyla KMO katsayisi
ve Bartlett test sonuclari incelenmistir. KMO katsayist 0.931 >0.600 oldugundan ve
Bartlett testi Ki-kare degeri 6350,698 (df=820; p<0.001) anlamli oldugundan verilerin
faktor analizine uygun oldugu sdylenebilir [24].

Tablo 2. Varimax dik dondiirme sonucunda maddelerin aldig1 yiik degerlerinin
faktorlere gore dagilimi (Yiik degeri <0.50 olanlar gosterilmemistir).

Madde No. F1 F2 F3 F4 F5 F6 r*
P35 73 .58
P36 78 .56
P37 .76 .57
P38 78 .52
P39 1 .54
P40 .67 .65
P23 .55 40
P24 .65 .56
P25 .59 42
P26 .64 47
P28 .59 45
P29 .68 .50
P5 .63 .50
P7 .69 48
P8 72 45
P9 .61 .52
P10 .55 51
P1 78 .36
P2 .79 .29
P3 .59 38
P30 77 51
P31 72 .55
P32 .53 46
P15 .70 .35
P20 .65 45
P21 .54 45
Ozdeger 3.84 2.92 2.81 207 1.85 1.59
A.Varyans % 1476 1122 10.82 7.95 7.13 6.11
Cronbach alfa .88 77 77 .69 .69 .58

r*: madde - toplam puan korelasyonu

Ac¢imlayict faktor analizinde faktor ¢ikarma icin temel bilesenler metodu secilmistir.
Faktor ytlik degeri alt sinir1 olarak 0.50 esas alinmistir. Faktor sayist kriteri ise 6zdegeri
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(eigen) >1 olan faktdr sayis1 goz Online almmistir. Yamacg birikinti e§im grafigi
incelendiginde Olgegin 5 veya 6 faktorlii olabilecegi goriilmektedir (bkz. Sekil 1).
Ayrica bazi maddelerin hicbir faktorde yeterince yiiksek yiik degeri almadigi
belirlenmistir. S6z konusu bu maddeler ¢ikanlip faktor yikleri tekrar hesaplanmistir.
Sonugta 6 faktér ve 26 maddeden olusan yapi elde edilmistir. Her bir maddenin
faktorler altinda Varimax dik dondiirme sonucunda aldigi en yliksek yiikk degerleri
Tablo 2’de sunulmaktadir. Aciklanan toplam varyans orant %57.99 olarak elde
edilmistir. Faktorlerin baslangic 6zdegerleri ile Varimax rotasyon sonrasindaki
0zdegerleri ile her bir faktoriin agikladig1 varyans oranlar1 Tablo 2’te goriilmektedir.

Scree Plot

Eigenvalue

2

T T T T T T T T T T T P T T 1T T T T T T T T 0T T 1T 11T
1112131415161718192021222324 252627 282930 31 323334 353637 38304041
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Component Number

Sekil 1. Yamag egim grafigi.

Acimlayici faktor analizi sonucglarma gore dlgegin 26 madde ve 6 boyuttan olustugu
belirlenmistir. Faktor yapisinin  veriler tarafindan dogrulanip dogrulanmadigi
dogrulayici faktor analizi ile incelenmigtir.

3.2. Dogrulayici faktor analizi

Dogrulayict FA icin 6 faktdr ve 26 maddelik yapt AMOS programi kullanilarak test
edilmistir. Elde edilen sonuglara gore model uyumunu gosteren bazi indeks degerleri
¥*=600.157 (df=284; p<0.001), uyum iyiligi indeksi GFI=0.892; karsilastirmali uyum
indeksi CFI=0,906; arttirimli uyum indeksi IFI=0.907; Tucker — Lewis indeksi
TLI=0.892; ortalama hatalarin karekokii RMR=0.030; yaklasik hatalarin ortalama
karekok RMSEA=0,054 olarak bulunmustur. Dogrulayic1 faktor analizi sonuglarina
gore ki-kare degerinin serbestlik derecesine orani (y?/df) 3’iin altinda ayrica CFI ve IFI
indeksleri 0.90 degerinin iistiinde elde edilmistir. RMSEA degeri kabul edilebilir sinir
olan (.050 - .080) araliginda elde edilmistir. Bu sonuglara gore 6lgme aracinin faktor
yapist kabul edilebilir diizeydedir [25].

DFA sonucunda madde ile bagli oldugu boyut arasindaki standardize edilmis yol
katsayilar1 Sekil 2°de verilmektedir. Standardize yol katsayilarindan maddelerin, bagl
olduklar1 boyutlara ne kadar katki yaptiklar1 goriilebilmektedir. Ornegin 1.faktdre en
fazla katki veren madde P38 dir. Benzer sekilde 2.faktor i¢in P26, 3.faktor icin PS;
4 faktor icin P2; 5.faktor icin P31 ve 6.faktor icin P15 en iyi madde olmustur.
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Sekil 2. DFA sonucunda elde edilen standardize yol katsayilar1

3.3. Giivenirlik

Sonugta 26 maddeden olusan 6l¢egin Cronbach alfa i¢ tutarlilik giivenirlik katsayisi
0,90 hesaplanmistir. Maddelerin tek tek giivenirliklerinin bir 6l¢iitii olan madde-toplam
puan korelasyonlar1 0.29-0.65 arasinda degismektedir (Tablo 2). Tiim korelasyon
katsayilarinin 0.01 diizeyinde anlamli oldugu belirlenmistir (p<0.01).

Faktorler altinda bulunan madde ifadeleri incelenerek isimlendirme yapilmistir. Alt1
maddeden olusan faktor-1’e “Yeni Problem Kurma (YENI)” boyutu adi verilmistir.
Benzer sekilde alt1 maddeden olusan faktor-2’ye “Problemin C6ziim Planin1 Uygulama
(UYGULAMA)” boyutu; 5 maddeden olusan faktor-3’e “Problemi Anlama
(ANLAMA)” boyutu; 3 maddeden olusan faktoér-4’e “Problemi Okuma (OKUMA)”
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boyutu; 3 maddeden olusan faktor-5’e “Problemin Co6ziimiinii Degerlendirme
(DEGERLENDIRME)” boyutu; ve son olarak 3 maddeden olusan faktor-6 “Problemin
Coziimii I¢in Plan Yapma (PLAN)” boyutu seklinde isim verilmistir. Tablo 2’de faktor
numaralar1 agiklanan varyans orani biiyiikliigiine gore verilmistir. Problem ¢6zme
stratejileri ve on sartlilik dikkate alindiginda boyutlart OKUMA, ANLAMA, PLAN,
UYGULAMA, DEGERLENDIRME, YENI biciminde siralamak miimkiindiir.
Faktorlerin birbirleri ile iligkisi ve betimsel istatistikleri Tablo 3’te sunulmaktadir.

Tablo 3. Problem ¢6zme stratejileri alt boyutlarinin birbirleri ile korelasyonlari.

n=379 OKU ANLA PLAN UYG. DEG. YENI  Toplam
OKUMA 1 30" 28" 41" 33 .19™ .50™
ANLAMA 1 37 317 26" 50" 7
PLAN 1 53" 42 37 64"
UYGULAMA 1 46" 43" 76"
DEGERLENDIRME. 1 47 g1
YENI 1 79"
Ortalama 3.66 3.04 3.31 3.27 3.26 2.82 3.17

™. korelasyonlar 0,01 diizeyinde énemlidir. OKU=Problemi okuma, ANLA=Problemi anlama,
PLAN=Problemin ¢6ziimii i¢in plan yapma, UY G=Problemin ¢6ziim planini uygulama, DEG= Problemin
¢Oziimiinii degerlendirme, YENI=Yeni problem kurma

Tablo 3’te boyutlarin birbirleri ile ve toplam olgek ile iligkisi goriilmektedir.
Korelasyon katsayilariin timii p=.01 diizeyinde anlamlidir. Boyutlar toplam 6lcek ile
yiiksek iliski gostermis ve kendi aralarinda ise orta diizeyde bir iliski gostermistir.

3.4. Sinif ogretmenlerinin problem ¢ozme stratejilerini gerceklestirme diizeyleri

Smif 6gretmenleri okuma boyutundaki problem ¢dzme stratejilerini en yiiksek diizeyde
gerceklestirmektedirler. Buna karsilik yeni problem kurma boyutunda 6gretmenlerin
problem ¢ozme stratejilerini gergeklestirme diizeyleri en diisiiktiir. Problem ¢ézme
stirecinin ilk agamas1 okuma boyutu ile gergeklesmektedir. Bu nedenle, bu boyutun
gerceklesme diizeyinin yiiksek olmasi beklenen bir durumdur. Problemin ¢6ziimii
gerceklestirildikten sonra ¢6ziilen problemden yararlanarak yeni problemlerin kurulmasi
i¢in yeterince ¢aba harcanmadigi sdylenebilir.

Tablo 4. Sinif 6gretmenlerinin problem ¢dzme stratejilerini gergceklestirme diizeylerinin
cinsiyet degiskenine gore karsilagtirilmasi.

Kadin (n=131)  Erkek (n=131)

X=+ss X=xss
df t-test p
OKUMA 3.73+.41 3.63+.44 386 2.220 027
ANLAMA 3.14+.52 2.98+.57 386 2.621 009
PLAN 3.35+.51 3.29+.50 386 933 351
UYG. 3.34+.45 3.23+.47 386 2.228 026
DEG. 3.39+.51 3.20+.55 386 3.257 001
YENI 2.85+.70 2.80+.60 228.93 .600 .549
Toplam 3.24+.37 3.13+.39 386 2.536 012

Tablo 4’ten kadin Ogretmenlerin problem ¢6zme stratejilerini  gerceklestirme
diizeylerinin tiim alt boyutlarda erkeklere gore daha yiiksek oldugu goriilmektedir.
Problemi okuma (t=2.220; p<0.05), problemi anlama (t=2.621; p<0,05), ¢oziim planini
uygulama (t=2.228; p<0.05) ve ¢ozliimii degerlendirme (t=3.257; p<0,05) boyutlarinda
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bu fark istatistiksel olarak anlamli bulunmustur. Buna gore, kadin 6gretmenler erkek
O0gretmenlere gore problem ¢6zme stratejilerini daha ¢ok gerceklestirdikleri soylenebilir.

Tablo 5. Mesleki kideme gore 6gretmenlerin problem ¢dzme stratejilerini
gerceklestirme diizeylerinin karsilastirilmasi.

1-5 y1l 6-10 y1l 11-15 y1l 16-20 yil 21 yil+ ANOVA-F

n=54 n=118 n=95 n=52 n=69 sd=4;383
OKUMA  3.55+£53" 3.75£37* 3.67£40% 3.61+£51% 3.62+41% 2.508"
ANLAMA 2.95+.50  3.06+.61  3.03+.57 3.00+£59  3.11+48 0.708
PLAN 3.18+£.51°  3.43+£49* 3.26+.51° 3.20+.50% 3.36+.46% 3.725"
UYG. 3.14+43  3.33+£48  3.26+48 3.18449 3.32+.43 2.241
DEG. 3.15+.59  3.33+.53  3.22+.56 3.29+58  3.27+.48 1.210
YENI 2.72+.65  2.86+£.66  2.69+.66 2.87+.62  2.94+.54 2.207
Toplam 3.06£.38°  3.23+39*  3.13+.39®  3.14+.42° 3.23+35% 2.526"

Degerler ortalama + ss olup ayni satirda farkli harfler ile gosterilen ortalamalar arasindaki fark Tukey
HSD testine gore 0.05 diizeyinde anlamlidir.

Mesleki kidemleri 6-10 yil olan O&gretmenlerin  problem ¢d6zme stratejilerini
gerceklestirme diizeylerinin gorece daha yiiksek oldugu goriilmektedir. Problemi
okuma ve problemin ¢dziimii i¢in plan yapma alt-boyutlarinda mesleki kidemleri 6-10
yil olan Ogretmenlerin mesleki kidemleri 1-5 yil olanlara gore problem c¢dzme
stratejilerini gergeklestirme diizeyleri anlamli derecede daha yiiksek oldugu (p<0,05)
belirlenmigstir (Tablo 5). Bu durum, 6gretmenin problem c¢ozme O6gretimindeki
deneyiminin artmasindan kaynaklandigi sOylenebilir. Mesleki kidemin artmasi ile
birlikte 6gretmenlerin puan ortalamalariin artis gosterdigi goriilmektedir.

Tablo 6. Okutulan sinifa gére problem ¢dzme stratejilerini gerceklestirme diizeylerinin

karsilagtirilmasi.

1.sif 2.smif 3.smf 4. s1mmf ANOVA-F

n=92 n=93 n=88 n=111 sd=3;380
OKUMA 3.66+.45 3.71+.38 3.65+.45 3.63+.44 .544
ANLAMA 3.09+.57 3.00+.55 3.02+.57 3.02+.54 .508
PLAN 3.35+.48 3.25+.50 3.40+.49 3.26+.52 1.902
UYG. 3.21+.47%® 3.16+.48° 3.31+.45% 3.37+45¢% 4.333"
DEG. 3.29+.54 3.23+.53 3.26+.55 3.27+.56 .193
YENI 2.85+.62 2.71+.58 2.83+.70 2.84+.62 973
Toplam 3.18+.39 3.11+.39 3.19+.42 3.19+.36 .946

Degerler ortalama= ss olup ayni satirda farkl harf ile gosterilen ortalamalar arasindaki fark Tukey HSD
testine gore 0.05 diizeyinde anlamlidir.

Tablo 6 incelendiginde problemin ¢6ziim planimni uygulama alt-boyutunda 4.sinifi
okutan Ogretmenlerin problem ¢ozme stratejilerini  gerceklestirme diizeylerinin
2.smiflar1 okutan 6gretmenlere gore daha yiiksek oldugu (p<0,05) goriilmektedir. Diger
alt-boyutlarda okutulan smifa gore problem ¢O6zme stratejilerini gerceklestirme
diizeylerinin benzer oldugu goriilmektedir. Buna gore, okutulan bazi simif diizeyleri
problem ¢6zme stratejilerini gerceklestirmede anlamli farklilik olusturmamaktadir.
Okutulan smif diizeyinden c¢ok mesleki kidem problem ¢ozme stratejilerini
gerceklestirmede etkili oldugu sdylenebilir.
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4. Sonuc, tartisma ve oneriler

Follmer [6]’e gore, problem ¢ézme ile ilgili egitimin &grencilerin problem ¢dzme
becerisinin gelismesinde etkisi olmaktadir. Problemin ¢dziim planinin belirlenmesinde
kullanilabilen problem ¢6zme stratejilerinin 4. ve 5.smif diizeyindeki Ogrencilere
Ogretilebilecegini ve bu stratejilerin problem ¢6zme basarisini pozitif yonde etkiledigi
belirtilmektedir[10]. Sinif 6gretmenlerinin gorevi problem ¢dzme stratejilerini sinif
ortaminda kullanilmasini1 saglamaktir. Bu g¢alismada smif 6gretmenlerinin problem
¢cozme stratejilerini gergeklestirme diizeylerini 6lgmek i¢in kullanilabilecek bir dlgek
gelistirilmistir.  Ag¢imlayici faktor analizi sonucunda 6l¢egin 26 madde ve 6 faktérden
olustugu, aciklanan varyans oraninin %58 oldugu belirlenmistir. Olgegin i¢ tutarlik
giivenirlik katsayis1 Cronbach alfa ile 0.90 olarak hesaplanmustir. Olgegin faktdr yapis
dogrulayici faktor analizi ile incelenmistir. Elde edilen uyum (fit) indeksleri gz oniine
alarak faktér yapisinin veriler tarafindan kabul edilebilir diizeyde dogrulandig:
goriilmiistiir. Olgekte negatif madde bulunmamaktadir. Maddeler hicbir zaman 1 puan,
ara sira 2 puan, sik sik 3 puan, her zaman 4 puan ile puanlanmakta ve madde puanlari
toplaminin madde sayisina boliinmesi ile 6lgek puani elde edilmektedir. Yiiksek puan
problem c¢ozme stratejilerini gergeklestirme dilizeyinin gorece yliksek oldugunu
belirtmektedir. Sonug olarak gelistirilen 26 maddelik 6lgegin sinif 6gretmenlerinin
matematikte problem ¢6zme Ogretim uygulamalar diizeyini Olcebilecek yeterlikte
oldugu soylenebilir.  Gelistirilen Olgegin Ggretmenlerin problem ¢ézme Ogretim
uygulamalarindaki giiclii ve zayif yonlerini géorme firsati saglamasi beklenmektedir.
Diger bir ifadeyle, bu dlgek 6grencilerin problem ¢dzme becerilerini gelistirmede hangi
stratejilerden yararlanildigi ve hangi stratejilere daha ¢ok odaklanilmasi gerektigi
konusunda ogretmenlerin pedagojik alan bilgilerinin gelismesine katki saglayacagi
diistiniilmektedir.

Sinif 6gretmenlerinin problem ¢dzme stratejilerini gerceklestirme diizeyleri ile ilgili
sonuclara bakildiginda problemi okuma stratejileri en yiiksek diizeyde, yeni problem
kurma stratejileri ise en diisiik diizeyde gerceklesmekte oldugu goriilmektedir. Buna
gore, 6gretmenlerin problemi okuma stratejilere 6nem verdikleri soylenebilir. Follmer
[6], stratejik okuma ile ilgili egitimin Ogrencilerin problem ¢6zme becerilerinin
gelismesine etkisinin oldugunu belirtmektedir. Arsal [9] ise problemi ¢6zme basarisinin
yordanmasinda problemi okuma stratejisinin Onemli derecede etkiye sahip oldugu
belirtmektedir. Bu goriisler, problemi okuma ile ilgili stratejilerin problem ¢dzme
basarisina etkisinin 6nemli oldugunu gostermektedir. Coziilen problemden yararlanarak
yeni problemlerin kurulmas: ile ilgili stratejiler i¢in yeterince caba harcanmadigi
goriilmektedir. Bu durum, yeni bir problem kurmanin problem ¢ézmeden bagimsiz
olarak diisiiniilmesinden kaynaklaniyor olabilir. Ancak, yeni bir problem kurma,
problem ¢o6zmenin degerlendirilme siirecindeki safhalardan biri olarak goriilmektedir
[4]. Problem ¢6zme siirecinde yeni bir problemin kurulmas: ile ilgili stratejilere daha
cok yer yerilmesi gerektigine iliskin Ogretmenlerin farkindaliklarinin artirilmasi
gerektigi diistiniilmektedir.

Kadin o6gretmenler erkek Ogretmenlere gore problem ¢ozme stratejilerini daha sik
gerceklestirmektedirler. Bu durum, kadin 6gretmenlerin problem ¢ozme stratejilerine
daha c¢ok onem verdiklerini gostermektedir. Problemi okuma, problemi anlama,
problemin ¢oziim planin1 uygulama ve problemin ¢oziimiinii degerlendirme stratejileri
ile ilgili boyutlarda kadin ve erkek Ogretmenler arasindaki farkin istatistiksel olarak
anlamli bulunmasi bu goriisii desteklemektedir. Mesleki kidemi(6-10 y1l) daha ¢ok olan
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Ogretmenlerin meslege yeni baslayan (1-5 yil) 6gretmenlere gore problemi okuma ve
problemin ¢dziim planini yapma stratejilerini anlamli derecede daha yiiksek diizeyde
gerceklestirdikleri goriilmektedir.  Bu durum, ogretim deneyimin Ogretmenlerin
pedagojik alan bilgisine olumlu yansidigimi  gostermektedir. 4.smifi  okutan
Ogretmenlerin problemin ¢dzliim planini uygulama stratejilerini gergeklestirme diizeyleri
2.smifi okutan Ogretmenlere gore daha yiliksek oldugu goriilmektedir. Bu durum,
Ogretmenler agisindan problem ¢ozme stratejilerini gergeklestirmede 2.sinif disindaki
diger smif diizeyleri arasinda anlamli farkliliklarin olmadigimi gostermektedir.
Okutulan smif diizeyinden c¢ok Ogretmenin mesleki kideminin problem c¢ozme
stratejilerini gerceklestirmede etkili oldugu sdylenebilir.
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EK.
Problem Cozme Stratejilerini Gerceklestirme Olcegi Ort. SS
« | PL.Coziilecek problemi dgrencilere vurgulu ve segici okurum 3.73 | .50
= | P2.Coziilecek problemi 6grencilerin vurgulu ve segici okumalarini isterim | 3.62 | .58
=) . . s ~— :
% | P3.Coziilecek problemi anlamayan Ogrencilerin  problemi tekrar 363 57
© | okumalarini isterim ' )
P5.Coziilecek problemi 6grencilerin ozetleyerek anlatmalarini isterim 319 | .74
P7.Coziilecek problemde eksik veya fazla bilginin olup olmadigimn 284 ]3
< Ogrencilerin belirlemesini isterim ' )
s P8.Ogrencilerin ¢dziilecek problemi kisimlara/alt problemlere ayirmalarini 294 ]2
S isterim ) )
<Zt P9.Coziilecek probleme uygun olan sekil veya semayr Ogrencilerin 320 79
cizmesini isterim ' )
P10.Problemin ¢6ziimii i¢in plan yapilirken 6grencilerin kendi ¢6ziim
e S 3.03 | .73
stratejilerini belirlemelerini isterim
P15.Somut nesneler (kalemler, say1 bloklari, kiipler vb) kullanarak
: s o L L 333 | .69
problemi canlandirma yoluyla 6grencilerin problemi ¢ozmelerini saglarim
E P20.Problem ¢6ziimiinde ortaya ¢ikan nesne, sekil veya say1 Oriintiisiinii ve
= | bu Oriintiiniin hangi kurala gore tiiretildiginin belirlenmesini 6grencilerden | 3.23 | .69
isterim
P21.Problem ¢oziiliirken 6grencilerin mantiksal akil yiirlitmelerini saglarim | 3.38 | .67
P23.Problemin ¢6ziimiinii 6grencinin arkadaslarina anlatmasini isterim 3.01 | .77
P24.0Ogrencinin belirledigi strateji ile problem ¢oziilemiyorsa stratejinin
i . 2. . 3.14 | .70
tekrar gézden gegcirilmesini talep ederim
« P25.Problemin ¢6ziimii i¢in belirlenen strateji ¢oziimii saglamiyorsa farkli | 3.11 | .75
S | bir stratejinin belirlenmesini 6grencilerden isterim
;‘1 P26.Problemin ¢oziimiindeki islemlerde hata varsa ¢O6ziimiin sonunda| 3.44 | .65
8 Ogrencilerin iglemlere tekrar géz atmasini isterim
S P28.Problemin ¢6ziimii i¢in 6grencilerin belirledikleri islemleri adim adim | 3.46 | .62
gerceklestirmelerini isterim
P290grencinin belirledigi strateji ile problem c¢oziilemiyorsa problem| 3.45 | .63
metnine tekrar doniilerek gozden kagirillan kisimlarin olup olmadigina
bakilmasini isterim
P30.Problemin ¢6ziimiiniin dogrulugunu yapilan islemlerin {istiinden tekrar
a . o . R 328 | .66
E gecerek kontrol edilmesini 6grencilerden isterim
= | P31.Problem ¢6ziimiiniin dogrulugunu c¢oéziimiin saglamasmi yaparak
[~ . P . e 323 | .73
= o kontrol edilmesini 6grencilerden isterim
’%3 E P32.Problemin ¢oziimiinde yiiriitiilen mantig1 "problemi ¢ézerken ne yaptik 397 69
| = ve ni¢in yaptik?" seklinde 6grencilerin kontrol etmesini isterim ) )
P35.Coziilen problemi kismen degistirerek yeni problem kurulmasini| 2.80 | .79
Ogrencilerden isterim
. |\P3 60grencilerin kurdugu yeni problemin ¢dziimiinii 6grencilerle tartisinm | 2.84 | .78
é P37.Problem ¢6ziimiinden sonra 6grencilerin kurduklari yeni problemi yine | 2.97 | .81
:O‘ Ogrencilerin ¢dzmesini isterim
& | P38.Coziilen problemdeki iligkileri iceren yeni bir problemi 6grencilerin| 2.81 | .79
"Z | kurmasini isterim
E P39.Verdigim [(0+3)x4=16 gibi] bir esitlikten hareketle &grencilerin| 2.62 | .84
problem kurmalarini isterim
P40.Cizdigim sekle veya semaya uygun Ogrencilerin problem kurmasini| 2.86 | .86
isterim

Madde basinda yer alan P.. bulgular verilirken madde kodu olarak kullanilmustir.
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Abstract

In this study was carried out between April 2015 and January 2017 at 0-120 m depth
areas where commercial fishermen were fishing in North Aegean Sea, Canakkale coasts.
In this study, it is aimed to determine the species composition of caught species in trotline
fishing and to determine the target and non-target catch rates. 6 different trotline types
were used. As a result of 174 catching operations 7210 individuals were catched in total.
When the ratio of the target species in catching with the trotlines are evaluated, the
trotlines within the fishing gears such as fish pots, trammel nets and longlines catch more
of the target species.

Keywords: Canakkale, trotline, bycatch, North Aegean Sea.

Kuzey Ege Denizi’nde kullanilan ¢apari takimlarinin av
kompozisyonu

Oz

Bu ¢alisma Kuzey Ege Denizi, Canakkale kiyilarinda ticari balik¢ilarin avcilik yaptiklart
0— 120 m derinlikte Nisan 2015- Ocak 2017 yillar: arasinda gerceklestirilmistir. Calisma
da ¢apari avciliginda avlanan tiirlerin tiir kompozisyonu ile hedef ve hedef dist av
oranlari belirlenmistir. Calismada 6 farkli ¢capari tipi kullaniimig olup toplam 31 tiirden
7210 bireyin avciligi yapunustir. Capari takimlart ile yapilan avcilikta hedef tiir oranlar
degerlendirildiginde girgir ve dip trolii haricinde ki sepet, uzatma aglari, paragat gibi av
araglari ig¢inde ¢apari takimlarinin daha ¢ok hedef tiirii avladigi ongoriilmektedir.

Anahtar kelimeler: Canakkale, ¢apari, yan av, Kuzey Ege Denizi.
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1. Introduction

The concept of fishing, which is not targeted, has become an issue that is important today
and needs to be paid more attention in the next process. Over time, the fishing pressure
on the fish stocks is increasing and thus the problems caused by the fishing gears due to
the decrease in fish stocks are of interest. Studies on non-target fishing can be listed as;
[1] (first study of the discard prediction), [2] (non-target fishing in shrimp trawling), [3]
(non-target fishing in Australian demersal trawling), [4] (the impact of non-target fishing
on fisheries management), [5] (the impact of discard on economy). [6], is the most recent
global waste estimate, such studies in our country are quite low. Different percentages
have been determined by the researchers under the leadership of FAO in the studies aimed
to determine the total discard rates of the world. [7], found this rate to be approximately
35%, while [6], estimated it to be 8%. In both cases, these discard rates are quite high.
According to [6], the highest amount of discard in the world is in the Northwest Pacific
region. FAO is reported to be around 18 thousand tons in the 37 th fishing zone in the
Mediterranean and Black Sea, although its discard rate is not clear. The average rate for
trawl fishing is 40-45% [8]. The other fishing gears that caused the most discarding were
sea snail dredges (11,5%), encircling nets (7,4%) and midwater trawls (5.1%). FAO
reports do not inform about the discard rates of handline fishing.

Canakkale Region has a coastline of 671 km and is located in three different systems,
namely the Marmara Sea, the Bosphorus and the Aegean Sea and intense fish migrations
occur between these regions [9]. It is a region where fishing activities are carried out for
sportive purposes and being a livelihood source. Intensive fishing activities are carried
out with trotlines in this region.

Trotlines are a fishing gear to use for catching surface or ground pelagic fishes like
mackerel, horse mackerel, chub mackerel, bluefish. Catching efficiency of trotlines are
lower than fishing with fishing nets such as trawls and purse seines and also it is an
important method of fishing, because it catches fish with high economic value [10].
According to [11], the number of licensed boats engaged in fishing in our country is
18.790 while the number of boats using longline, handline and trotline is 3340. This
figure is approximately 18% of the total number. When the boats are included in the
handline class with longline and trotline according to the regions, there are 1487 in the
Black Sea, 1155 in the Aegean Sea and 698 in the Mediterranean Peninsula [12]. There
1s no record of longline and handline fishing boats in the Marmara Sea. The Aegean Sea's
continental shelf is narrow and due to its special location, fishing activities are mainly
concentrated on coastal fishing [13]. The coastal fishing is a day-long in the Aegean Sea
and it’s generally made with fishing boats with a length of 5- 12 m. Fishing methods
used in coastal fishing are coastal trammel nets, handlines, traps and lift nets [14].
Ensuring the continuity of non-target species is important for maintaining the balance of
the ecosystem. For this purpose, it is very important to determine the target and non-
target catch rates of the fishing gear used in fishing. In this study, it will be determined
the ratio of the fishing gear, which is used extensively in both coastal fishing and sportive
fishing, in target, non-target and discarded fish species and rate of in production.
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2. Material and methods

The research was carried out on the shores of the North Aegean Sea, the Dardanelles
Strait, the shores of the Gallipoli Peninsula, around the Islands (Bozcaada-Gokceada),
and Saros Bay, where fishermen fishing in 0 to 120 m depth (Figure 1).
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Figure 1. Fishing areas. (Canakkale Strait, Gallipoli Peninsula, Saros Bay, Gokg¢eada,
Mavra Islands, Bozcaada)

In the study, 6 different trotlines were used to determine the catch efficiency and catch
composition. The trotlines used in the trials were the same features as the trotline used
into this region.

2.1. Trachurus mediterraneus (Steindachner 1868) Mediterranean horse mackerel
trotline

Mackerel trotline; white, yellow, brown (mixed browny colors), orange, green colors are
knotted to number 6, 7, 8, 9 hooks. 0.20 mm thick fishing line has been used as leader
and 0.25 mm thick fishing line has been used as the surcease line. This trotline designed
as 15 cm in length and 20 cm between leaders. 100-500 g weight is used according to the
flow condition (Figure 2a).

2.2. Scomber scombrus (Linnaeus, 1758) Atlantic mackerel - Scomber japonicus
(Houttuyn, 1782) Chub mackerel trotline

Number 1, 2, 3, 4 hooks are knotted to white, pink, brown (mixed browny colors), orange,
green colors as color. 0,35 mm fish line and 0,50 mm line as main body thickness were
used as snood. These trotlines were equipped with 20 cm in length and 25 cm in length
between snoods. 100-500 g weight is used according to flow (Figure 2b).
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Snood lenght Snood lenght
15-20 cm oG Tind 15-20 em No 1hook
L —— L. ?
No 8 hook ¥ No2 hook
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—ﬁ No 7 hook —‘S No 3 hook
Middle Line N Middle Line
(0.25mm) - 0.50 mm
P R No 6 hook PN R No 4hook
Snood (0.20mm) Snood (0.35 mm)
6 Sinker (200g) 6 Sinker (100-500 g)
Figure 2a. Mediterranean horse mackerel Figure 2b. Atlantic mackerel - Chub
trotline. mackerel trotline.

2.3. Sarda sarda (Bloch, 1793) Atlantic bonito - Pomatomus saltatrix (Linnaeus, 1766)
Bluefish trotline

White, pink, red, orange, green colors are used as color in number 1/0, 2/0, 3/0, 4/0 hooks.
0,40 mm thickness used for snood, 0,60 mm used for fishing line and main body. These
trotlines were equipped with a snood length of 60 cm and a spacing of 150 cm between
snoods. 60-100 g weight is used according to flow (Figure 2c¢).

2.4. Pomatomus saltatrix (Linnaeus, 1766) Bluefish (Small) trotline

Pink, white, red, yellow, green, orange colors are used as color in number 1/0, 2/0, 1, 2
hooks. 0,35 mm thickness used for snood, 0,50 mm used for fishing line and main body.
These trotlines were equipped with a snood length of 25 cm and a spacing of 30 cm
between snoods. 100-500 g weight is used according to flow (Figure 2d).
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0.60 mm = 0.50 mm
T No 4/0 hook T T No 2 hook
Snood (0.40 mm) Snood (0.35 mm)
6 Sinker (60-100 g) 6 Sinker (100-500 g)
Figure 2c. Atlantic bonito - Bluefish Figure 2d. Bluefish (Small) trotline.
trotline.

2.5. Sarda sarda (Bloch, 1793) Atlantic bonito (Big) trotline

Number 5/0, 6/0, 7/0, 8/0 hooks were used as hook numbers and as color white, yellow,
red, orange, green colors were used. 0,70 mm thickness used for snood, 0,90 mm used
for fishing line and main body. These trotlines were equipped with a snood length of 60
cm and a spacing of 100 cm between snoods. 50-100 g weight is used according to flow
(Figure 2e).

2.6. Sardina pilchardus (Walbaum, 1792) European pilchard— Atherina boyeri (Risso,
1810) Big-scale sand smelt trotline

Brown (mixed browny colors), white, yellow, green, orange colors are used as color in
number 11, 12, 13, 14 hooks. 0,10 mm thickness used for snood, 0,15 mm used for fishing
line and main body. These trotlines were equipped with a snood length of 10 cm and a
spacing of 15 cm between snoods. 100-500 g weight is used according to flow (Figure

2f).
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Figure 2e. Atlantic bonito (Big) trotline. ~ Figure 2f. European pilchard — Big-scale
sand smelt trotline.

2.7. Fishing operation

After preparing the trotlines to be used in the field, according to the flow and wind
conditions, the fishing gears were left to the sea behind the boat. In these trotlines, the
order of these gears were done randomly because of won't averting for each other’s
fishing activity. For the purpose of removing the effect of fishing efficiency, the trotlines
were used alternately with an interval of 60 minutes. Captured species were separated
for each trotline and their measurements were performed.

3. Results

Since the study was first in the North Aegean and the trotlines used had regional
differences, firstly used tools, hooks, colors were determined, and the work was carried
out with the trotlines prepared by considering these fishing tools. 7210 individuals of 31
species were caught. As a result of fishing, 15 families and 5870 bony fish belonging to
30 species and 20 Loligo vulgaris belonging to Loliginidae family (Squid) were sampled.
Sparidae with 9 species, represented by more species among bony fish, followed by
Scomberidae with 4 species. Serranidae, Centracanthidae, Clupeidae and Trachinidae
families are represented by 2 species. Other families have contributed to diversity with 1
species. 1320 individuals from 4 families and 11 species are exemplified with baited
Bluefish trotline. A total of 7210 fish were caught and 30 different species were
identified. (Table I).
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Table 1. Catch composition obtained with the trotlines.

Class Family Species Name
Engraulidae \Engraulis encrasicolus European anchovy
Sphyraenidae Sphyraena sphyranea European barracuda
Clupeidae Sardina pilchardus European pilchard

Sardinella aurita Round sardinella
Atherinidae \Atherina boyeri Big-scale sand smelt
Centracanthidae |Spicara smaris Picarel
Spicara maena Blotched picarel
Carangidae Trachurus mediterraneus Horse mackerel
Cepolidae Cepola rubenscens Red bandfish
\Boops boops Bogue
\Diplodus annularis Annular seabream
\Diplodus vulgaris C. two - banded
\Lithognathus mormyrus seabream
Sparidae \Pagellus acerna Sand steenbras
Osteichthyes \Pagellus bogaraveo Axillary seabream
\Pagrus pagrus Blackspot seabream
Spondyliosoma cantharus Red porgy
Sparus aurata Black seabream
Gilthead seabream
Scomber japonicus Chub mackerel
Scombridae Scomber scombrus Mackerel
Sarda sarda Atlantic bonito
\Euthyunus alletteratus Little tunny
Pomatomidae \Pomatomus saltatrix Bluefish
Scorpaenidae Scorpaena porcus Black scorpionfish
Serranidac Serranus cabrilla Cqmber
Serranus scriba Painted comber
Triglidae Trigla lucerna Tub gurnard
.. Trachinus araneus Spotted weever
Trachinidae .
Trachinus draco Greater weever
Cephalapoda Loliginidae \Loligo vulgaris Common squid

A total of 2435 individuals were caught with Horse mackerel trotline in a total of 7210
individuals caught by trotlines. Only 2 individuals can be caught at least as the gear is
the Bonito trotlines. Shows the number of individuals caught by the trotline type (Table

2).
Table 2. Total number of individuals and species caught by trotline type.
Total Number of Individuals Caught by Trotline Type (n)
ota
Species number
(n) Bluefish ~ Big-scale. Horse Bonito  Bonito Mé(;ll;e;el Grand
(Small) E.pilchard mackerel Bluefish (Big) total
mackerel
Atherina boyeri 414 0 414 0 0 0 0 414
Boops boops 111 6 8 92 0 0 5 111
Cepola rubenscens 6 0 0 0 0 0 6 6
Diplodus annularis 3 2 0 1 0 0 0 3
Diplodus vulgaris 1 0 0 1 0 0 0 1
Engraulis encrasicolus 33 0 0 33 0 0 0 33
Euthynnus alletteratus 2 0 0 0 2 0 0 2
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Lithognathus mormyrus 7 7 0 0 0 0 0 7
Loligo vulgaris 20 0 4 0 0 16 20
Pagellus acerna 71 30 11 29 0 0 1 71
Pagellus bogaraveo 414 53 41 253 0 0 67 414
Pagrus pagrus 3 1 0 5 0 0 2 8
Pomatomus saltatrix 1181 1181 0 0 0 0 0 1181
Sarda sarda 609 2 1 0 605 0 1 609
Sarda sarda (Big bonito) 2 0 0 0 0 2 0 2
Sardina pilchardus 89 4 13 61 0 0 11 89
Sardinella aurita 398 0 9 332 0 0 57 398
Scomber japonicus 1706 8 59 533 7 0 1099 1706
Scomber scombrus 568 20 0 50 9 0 489 568
Scorpaena porcus 2 0 0 1 0 0 1 2
Serranus cabrilla 108 9 0 15 0 0 84 108
Serranus scriba 65 0 0 2 0 0 63 65
Sparus aurata 2 2 0 0 0 0 0 2
Sphyraena sphyraena 78 6 0 2 70 0 0 78
Spicara maena 9 0 3 6 0 0 0 9
Spicara smaris 45 16 1 16 0 0 12 45
Spondylosoma cantharus 3 1 0 2 0 0 0 3
Trachinus araneus 1 0 0 0 0 0 1 1
Trachinus draco 76 4 0 58 0 0 14 76
Trachurus mediterraneus 1177 56 29 938 1 0 153 1177
Trigla lucerna 1 0 0 1 0 0 0 1
Grand total 7210 1408 589 2435 694 2 2082 7210

2435 individuals (34%) were caught with Horse mackerel trotline among the total amount
of catch according to the type of trotline used in the study. The second one is the Mackerel
— Chub mackerel trotline with 2082 individuals (29%). Third one is Bluefish trotline with
1408 individuals (19%) and the fourth one is Atlantic bonito trotline with 694 individuals
(10%). The fifth one is Big-scale sand smelt - European pilchard trotline with 589
individuals (8%). Last one is Bonito trotline (big bonito) with 2 individuals (0,003%)

(Figure 3).

Big-scale sand smelt . . o Mackerel
Bluefish European pilchard Horse mackerel Atlantic bonito Bonito (bigger) Chub mackerel

Figure 3. % Frequency values according to the trotline type.
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Since the number of individuals caught in the Bonito trotline (big bonito) is only 2, the
maximum rate of target species is 100%. Then, the target individual's most caught
(87.2%) is the trotline type Atlantic bonito-Bluefish. The most common non-target
fishing trotline type (61.5%), in other words trotline type with the lowest target catch rate
is the Horse mackerel trotline. Then, the second most non-target individuals were caught
(27.7%) with Big-scale sand smelt — European pilchard trotline. Distribution of target
and non-target individuals according to the trotline type is given in Figure 4. 174 hunting
operations were carried out with the trotlines used in the study. A total of 7210 and 781,57
kg of fish were caught. The target species and non-target species in 31 species hunted
within the scope of the project were evaluated according to the surveys conducted with
fishermen. (Figure 4).
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Figure 4. Distribution of target and non-target individuals for catching according to
trotline type.

1497 (61%) target species were caught with Horse mackerel trotline, 938 (39%) were
non-target individuals. 1588 (76,28%) target species were caught with Mackerel — Chub
mackerel trotline and 494 (23,72%) non-target individuals were caught. 1181 (83,88%)
target species were caught with Bluefish trotline, 227 (16,12%) were non-target
individuals. 605 (87,18%) target species were caught with Atlantic bonito trotline, 89
(12,82%) were non-target individuals. 414 Big-scale sand smelt (70,29%) and 13
European pilchard (2,21%) target species were caught with Big-scale sand smelt —
European pilchard trotline, 162 (27,5%) were non-target individuals

In order to extract the selectivity with the Bonito trotlines used in the study, enough data

were obtained but only 2 individuals could be caught. The first fish from the caught
Bonito was 56,2 cm in length and was caught with a white 5/0 straight galvanized hook
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weighing 1854 grams and the second Bonito was caught 67,7 cm in length and weighing
4300 grams with orange 8/0 straight galvanized hook.

4. Discussion

In the study conducted in the Canakkale Region, the studies conducted in the previous
studies [15] indicated that 44 species were caught in the study using trammel nets. In
another study using longline [16], a total of 61 species were caught as a result of fishing
in 3 different regions (Saroz Gulf, Gallipoli Peninsula and Canakkale Strait) in the North
Aegean. The use of fish pots in the North Aegean Sea [17], catching yield trials, 49
species belonging to 27 families were caught. Almost all species caught were habitat
dependent (not migrating) species. In a similar fish pot study, 59 species of 23 families
were captured [18]. Trawl and beach seine studies carried out in the Gulf of Izmir; In
total, 60 species were included in the catch composition of beach seine and 67 species for
trawl catch composition [19]. In this study, which is used by trotlines, 31 species were
caught. The reason for the low number of captured species diversity compared to other
fishing gear, it is thought to be caused by catching only pelagic species with trotlines.
Different results were obtained when the amount of fishing in other studies with fishing
gear was evaluated. For example, in the study conducted by [20], in the Black Sea, a total
of 11 different species, [21], in the Mediterranean, caught 25 species of fish using crossed
and straight hooks. In this study, the number of caught species was taken as more samples
compared to other studies when the studies done with fishing gears made at different time
and in different regions were evaluated. The reason for this is that the North Aegean Sea,
which is the study region, is due to its special ecosystem with the possible protection areas
where the fish migrations are under the influence of different flow systems.

According to the type of trotline used in the study, 2435 individuals (34%) were caught
in horse mackerel trotline with the highest number of catches. When the data on total
weight basis is examined, the total length of the 781,57 kg product is chub mackerel with
266 kg. In the study, the most common target (87,2%) of the target trotline type is Bonito
- Bluefish (surface) trotline. This is due to the fact that the Atlantic bonito fish migratory
movement is very close to the surface. As the biggest problem in many studies on non-
target species, which are the other fishing gears like longlines, are the caught of some
species such as seagulls, mammals, sharks and sea turtles. However, in this study, the
species has not been caught. The highest number of non-target catching (61,5%), in other
words, trotline type with the lowest target catch rate is Horse mackerel trotline. The
reason for this is that the Horse mackerel fish mixed with other pelagic species and the
size of the hook is thought to be due to the small size.

In the study conducted with purse seine in comparison with other fishing tools, the target
of the study and the non-target fishing gears were 91,09% of the catch amount in the
Eastern Black Sea Region, 7,89% of the total amount was incidental and 1,02% has been
observed that it forms discarded species. [22]. In a study conducted with the bottom trawl
in the Western Black Sea, 98,38% of the total amount of the catches and 95,94% of the
total weight are composed of target species. The ratio of non-target catch is 1,62% by
total amount of catches and 4,06% by weight [23], In the study conducted in Tasucu Bay,
in the winter to hunt 1 kg shrimp in the region; 1 kg incidental catch and 2 kg discard
during catching; in spring for 1 kg shrimp, 3 kg incidental catch and 3 kg discard catch
were calculated [14]. In the study conducted with Bogue trammel nets in the North

196



BAUN Fen Bil. Enst. Dergisi, 23(1), 187-199, (2021)

Aegean Sea, target catch, incidental catch and discard catch were determined as 82,82%,
15,44% and 1,75% respectively [24]. In a fishing with fish pot in Izmir Bay, 11 species
(74%) with economic value in total catch and 8 species (26%) belonging to non-target
catch [25]. In a study conducted in the North Aegean Sea with the longline, 37% of the
total catch was identified as target species, 17% as incidental species and 46% as
discarded species [16]. In this study, according to the trotline type, Bonito — Bluefish
trotline has the most catch rate with 87,2%.

Most non-target individuals were caught with Horse mackerel trotline (61,5%), in the
other words, the trotline type where the target catch rate is the lowest is the Horse
mackerel trotline. When the ratio of the target species in catching with the trotlines are
evaluated, the trotlines within the fishing gears such as fish pots, trammel nets and
longlines catch more of the target species. 22 species were caught with Horse mackerel
trotline, 18 with Mackerel — Chub mackerel trotline, and 6 with Bonito trotline. In the
study, when an evaluation was made in terms of the species composition of the trotlines,
the size reduction of the hook caused an increase the species composition.

18 species of fish were caught with Bluefish trotline. The fish that managed to swallow
the trotline hooks and which are attracted to baited hooks (with European pilchard) has
formed the species composition. Most fish were caught with no 2/0 hook in a study with
Bluefish fishing gears [15] . In this study, most fish were caught with no 2/0 hook.

As aresult, it is important to develop trotline fishing, which has become a traditional and
important source of income for Canakkale fishery and should be supported in both
scientific and managerial terms. In parallel with the development of fisheries
management in our country, it is necessary to increase the efficiency of such fishing gear,
the reduction of non-target catch and the development of more environmentally friendly
fishing gears and catching methods with species-specific fishing gears should be
supported.
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Oz

Son yillarda 3 boyutlu yazici teknolojisi ile parca tiretimi hizla yayginlasmistir.
Geleneksel iiretim yontemlerine gore son derece karmasik yapiya sahip parcalar ¢ok kisa
stirede, diigiik maliyetle, hemen hemen hi¢bir atik olmadan kolayca tiretilebilmektedir. En
vaygin olarak kullanilan 3 boyutlu yazici yontemi ise ergiterek biriktirme yontemidir
(EBY). Ancak bu yontemle sadece akrolonitril-butadien stiren (ABS) veya polilaktik asit
(PLA) gibi termoplastikler kullanilarak iiretim yapilabilmektedir. Son yillarda, istenilen
malzeme ozelliklerinin elde edilmesi icin takviyeli termoplastikler kullanilarak, EBY
teknolojisi ile ¢alisan 3 ii¢ boyutlu yazicilar ile iiretim yapilmaya baslanmistir. Bu
calismada ABS ve kirpimis karbon elyafi takviyeli ticari ABS kompozit filamentler
kullanilarak EBY teknolojili 3 boyutlu yazict ile iiretilen ve farkli yazdirma yénleri ve
farkly i¢cyapr doldurma agilarina sahip ¢ekme testi numunelerinin ¢ekme testi sonuglar
karsilagtiriimistir. Cekme testi numuneleri ISO 527-2 Type-1A standardi referans
alinarak 3 boyutlu yazicida yazdirilmistir. Test numunelerinin i¢yapilarimin 3 boyutlu
vazict ile yazdirilmast esnasinda baski kafasinin izledigi yolun x ekseni ile yaptigi agilar
0°/90° ile +45°/—45° arasinda degistirilerek farkll icyapt doldurma agilarimin mekanik
ozellikler itizerinde etkisi arastirilmistir. Ayrica mekanik ozelliklerin test parc¢asinin
tiretim platformu tizerine yerlestirme bi¢iminin etkisini tespit etmek amaciyla da test
numuneleri platform iizerine yatay ve yan kenar seklinde yerlestirilerek yazdirilmigtir.
Normal ABS, ayni doldurma agisina ve ayni yonde iiretilen karbon fiber takviyeli ABS'den
daha iyi mekanik ozelliklere sahip oldugu goriilmiistiir.

Anahtar kelimeler: 3 boyutlu yazdirma, ABS, karbon fiber takviyeli ABS, katmanli
uretim.
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The effect of printing parameters on mechanical properties of
ABS and carbon fibre reinforced ABS composites fabricated with
3D printer

Abstract

In recent years, part production has become widespread with 3D printer technology.
Compared to traditional production methods, the highly complex parts can be easily
produced in a very short time, at low cost, with virtually no waste. The most commonly
used 3D printing method is fused deposition modelling (FDM) method. However, only
thermoplastics such as Acrylonitrile-butadiene styrene (ABS) or polylactic acid (PLA)
can be produced using this method. In recent years, using of reinforced thermoplastics
has been started to obtain the desired mechanical properties with 3D printing working
with FDM technology. In this study, the tensile test results of tensile test samples
fabricated by using the FDM 3D printing method with ABS and short carbon fibre
reinforced commercial ABS composite filaments with different build orientation and infill
rates were compared. Tensile test samples were printed on a 3D printer with reference
to the ISO 527-2 Type-1A standard. During the printing of the internal structure of the
test samples with a 3D printer, the angles of the path of the printing head with the x axis
were changed between 0/90° and +45°/—45° and it was investigated whether different
filling angles had an effect on the mechanical properties or not. In addition, in order to
determine whether the orientation of the test samples on the build plate influence the
mechanical properties or not, the test samples were placed and printed on the build plate
horizontal and on side edge. It is found that neat ABS with the same orientation on the
build plate and the same infill angles has better mechanical properties than carbon fibre
reinforced ABS.

Keywords: 3D printing, composite filament, carbon fibre reinforced ABS, additive
manufacturing.

1. Giris

Ik kez 1986 yilinda Charles Hull tarafindan “stereolitografi ile ii¢ boyutlu nesnelerin
tiretimi i¢in bir cihaz” ad1 altinda patenti alinan 3 boyutlu yazici teknolojisi hayatimiza
girmistir [1]. Bugiin eklemeli iiretim (EU) olarak bilinen teknolojinin en yaygin olarak
kullanilan versiyonu ise ergiterek biriktirme yontemidir (EBY). Bir nevi dogadaki katman
katman biiylime konseptinin uygulamasi diyebilecegimiz bu yontemin patenti ise S. Scott
Crump tarafindan 1992 yilinda alinmistir [2]. Eklemeli {iretim ya da daha yogun olarak
bilinen adiyla 3 boyutlu (3B) baski teknolojisi ile nispeten kiiciik boyutlardaki son derece
karmagik 3B pargalar1 katmanl olarak bilgisayar destekli tasarim (BDT) modellerinden
dijital olarak iiretmek miimkiin olmaktadir. Son yillarda bu teknoloji ¢ok cesitli
endistrilerde giderek artan yogunlukta kullanilmaya baslamistir. Havacilik, uzay,
otomobil sanayi, yap1 ve reklam sektorii, biyomiihendislik, ingaat, makine miihendisligi,
tip, gida, matematik, egitim ve benzeri bir¢ok alanda kullanim1 6rnek olarak verilebilir
[3-7].
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Gilinlimiizde 3 boyutlu yazicilar ile iretilen parcalarin mekanik 06zelliklerinin
arttirilabilmesi amaciyla iiretim asamasinda kullanilan filamentlerin kompozit olarak
tiretilmesi yoniinde bir egilim bulunmaktadir. Bu calismada da icerisinde agirlik olarak
%15 oraninda kirpilmis karbon fiber bulunan ve ticari olarak iiretilen ABS filament
kullanilmistir. Bu filament kullanilarak iiretilen ¢ekme testi numunelerinin mekanik
Ozellikleri nasil etkiledigi arastirilmis ve igerisinde takviye malzemesi bulunmayan sade
ABS filamentten iretilen ¢ekme testi numuneleri ile karsilagtirilarak aralarindaki
farkliliklar sergilenmistir. 3 boyutlu yazici ile test numunelerinin iiretimi sirasinda hem
numunelerin liretim tablasi iizerine iki farkli yonde yerlestirilmelerinin hem de i¢yapinin
doldurulmasi sirasinda farkli doldurma yonii a¢ilarinin mekanik 6zellikler tizerinde nasil
etkili oldugu arastirilmistir.

2. Metod ve malzeme

2.1. Ergiterek biriktirme yontemi (EBY)

Bir eklemeli iiretim teknolojisi olan ergiterek biriktirme yontemi (EBY) iiretim
malzemesi olarak termoplastik polimer filamentleri kullanmaktadir. Bu filamentler
giiniimiizde giderek c¢esitlenmekte, acrylonitril butadiene styrene (ABS) veya polilaktik
asit (PLA) bazli, celik, bakir, aliiminyum, ahsap, karbon fiber, cam elyafi veya kevlar
katkili kompozit olarak iretilebilmekte ve bu teknoloji sayesinde parca iiretiminde
kullanilabilmektedirler. EBY de termoplastik filament ekstriizyon noziiliinden ¢ikmadan
hemen oOnce eritilmekte ve noziiliin izledigi x-y diizlemi {izerindeki yol boyunca
serilmekte ve o katmandaki islem bitirildiginde bir sonraki katmana gecilmek suretiyle 3
boyutlu parg¢anin tiretimi tamamlanmaktadir. 3 boyutlu baski islemi sirasinda kullanilan
bazi parametreler iiretilen parcanin mekanik o&zellikleri lizerinde etkili olmaktadir.
Ornegin katman kalinligmin 300 pm dan 100 pm a indirilmesi parganin yiizey kalitesini
onemli derecede etkilemektedir. Ayrica ektriizyon noziil sicakligi da katmanlarin
birbirine yapismasi ve iyi bir ara yiiz olusturulmas: agisindan 6nem arz etmektedir.
Uretilecek parganin iizerine serildigi {iretim tablasmin 1sitilmasi 6zellikle ABS filamentin
tablaya yapigmasi agisindan son derece dnemli olmakta aksi takdirde parga tabla lizerine
tam yapigsmayarak ya kenarlarindan kalkmak suretiyle biikiilmekte ya da tabladan
koparak parca tamamen bozulmaktadir. Ayrica baski kafasinin x-y diizlemi boyunca
hareket hiz1, par¢anin tabla lizerinde konumlandirma bi¢imi, par¢anin i¢ini doldurma i¢in
kullanilan desen ve bu doldurma islemini yaparken baski kafasinin nasil hareket edecegi
gibi bircok parametre iiretilen parcanin mekanik Ozellikleri tlizerinde etkili
olmaktadir[8,10].

Ergiterek biriktirme modellemesi yontemi kullanilarak iiretilen ¢ekme test numunesine
ait sematik gosterim Sekil 1 de verilmistir.

2.2. Kullanilan malzemeler ve donanim

Cekme testi numunelerinin 3 boyutlu yazici ile basilmasi sirasinda iki farkli termoplastik
filament kullanilmistir. Bunlardan biri igerisinde agirlik olarak %15 kirpilmis karbon
fiber bulunan ticari Frosch marka takviyeli ABS filament digeri ise Octave ABS
filamentdir. Filamentlerin ¢apt 1.75mm dir. Kirpilmig karbon fiber takviyeli ABS
filament son derece asindirici bir malzeme oldugu icin 3 boyutlu baski sirasinda
sertlestirilmis ¢elikten yapilmis 0.4mm delik ¢apli noziil kullanilmistir. Ayni noziil ABS
filamentten yapilan test numunesi iiretiminde de kullanilmigtir. Kullanilan 3 boyutlu
yazici ise 1sitmali iiretim tablasina sahip c¢ift kafali Flashforge Creator dur. Dilimleme
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yazilimi olarak ise lisansa ihtiya¢ duymayan genel kullanimina agik MakerWare™
2.4.1.24 programi kullanilmastir.

Filamenti siiren
ekstriider

Karbon fiber takviyeli ABS
veya ABS plastik
filament

Yazicida basilan
gekme testi
numunesi

N

Kapton Uretim

Uretim platformu isiticisi
R bant platformu

Sekil 1. Ergiterek biriktirme yontemi (EBY) [11].

2.3. Cekme testi numunelerinin 3 boyutlu yazicida iiretilmesi

Cekme testi numunelerinin 3 boyutlu yazicida tiretilmesi sirasinda Sekil 2 de boyutlar
verilmis olan ISO-527-2-tip-1A standardi kullanilmistir. Kirpilmis karbon fiber takviyeli
ve katkisiz ABS’den yapilan numunelerin 3 boyutlu yazicida basilmasi esnasinda
yazdirma parametreleri tamamen ayn1 kullanilmistir. Ornegin her iki malzeme ¢esidi igin
de baski sicaklig1 224 °C, 1sitmali iiretim tablasi sicakligi 100 °C, yazdirma hizi dis kontur
icin 20 mm/s, i¢ konturlar i¢cin 30 mm/s, kontur sayis1 3, i¢ yap1 doldurma hizi 30 mm/s,
ilk katman1 yazdirma hiz1 10 mm/s, katman kalinlig1 150 pm, noziil delik ¢ap1 400 um,
filament cap1 1.75 mm olarak alinmistir.

170
109,33

80

20
10

Kalinlk : 4

Sekil 2. ISO-527-2-tip-1A standardindaki ¢ekme testi numune boyutlari.

Cekme testi numunelerinin 3 boyutlu yazicida tiretimi sirasinda numunelerin {iretim
tablasi lizerine farkli yonlerde yerlestirilmelerinin mekanik 6zellikler iizerindeki etkilerini
gormek amaciyla da iretilecek test numuneleri tabla iizerine iki farkli yonde
yerlestirilmislerdir. Sekil 3 de test numunelerinin tabla {izerindeki yerlestirme bigimleri
goriilmektedir. Birinci yerlestirme bigimi 20x170 mm kesite sahip alt yiizeyin {iretim
tablasina paralel oldugu ve yatay diye isimlendirilen konumlandirma yonii, ikincisi ise
4x170 mm lik kesit alanina sahip yan kenar yiizeyinin iiretim tablasina paralel oldugu ve
yan kenar diye isimlendirilen konumlandirma yoniidiir. Her bir konumlandirma yonii i¢in
icyapt doldurma acilar1 Sekil 4 de goriilecegi ilizere +45°/—45° ve 0°/90° olarak
uygulanmistir. Burada 0° nin anlamu iiretim tablasinin x eksenine paralel olarak i¢cyapinin
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doldurulmasi, 90° ise igyapinin iiretim tablasinin x eksenine dik yonde doldurulmasidir.
3 boyutlu yazdirma esnasinda bir katmanda test numunesinin igyapisin1 doldurma agis1
0° olurken bir sonraki katmanda i¢yap1 doldurma agis1 90° olmaktadir (Sekil 4a).

|

Sekil 3. Cekme testi numunelerinin iiretim tablasi {izerine yerlestirilme yonleri.

Cekme testi icyap1 doldurma agisinin +45° olmast durumunda ise baski kafasi tiretim
tablasinin x-y diizlemi dikkate alindiginda saatin doniis yoniiniin tersi yoniinde +45°, —45°
dikkate alindiginda ise saatin doniis yoniinde 45° olacak sekilde doldurulmaktadir. Yine
bir katmanda doldurma agis1 45° olurken bir sonraki katmanda ise —45° olmaktadir (Sekil
4b). Cekme testi numunelerinin igyapilari %100 dolulukla tiretilmistir.

a) I¢ yap1 doldurma agis1: 0° 90°

b) I¢ yap1 doldurma agis1 : +45° —45°
Sekil 4. Cekme testi numunelerinin i¢ yapt doldurma agilart a) 0°/90° b) +45°/-45°

3. Bulgular ve tartiyjma

Bu boliimde 3 boyutlu yazici ile iiretilen, farkli iretim yonlerine (yatay ve yan) ve farkli
igyap1 doldurma agilarina (0°/90° ve +45/—45° ) sahip hem ABS ve hem de karbon fiber
takviyeli ABS ¢ekme testi numunelerinin degerlendirmesi yapilmistir. Sekil 5 de sozii
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edilen numunelerin ¢ekme testi sonrasi kirilma boélgeleri, liretim ydnleri ve igyapi
doldurma agilar1 goriilmektedir.

KARBON FIBER
TAKVIYEL

ABS ARS ABS  KF-ABS
I 1

YAN i

Sekil 5. 3 boyutlu yazicida basilmis numunelerinin ¢ekme testi sonrasi goriintiileri

EBY yontemi kullanilarak 3 boyutlu yazicida iiretilen polimer esaslh pargalarin mekanik
ozelliklerinin iiretim tablasi lizerinde nasil konumlandirildiklarina ve i¢yap:r doldurma
acilarma bagl olarak nasil degistigi, yapilan c¢ekme testi sonuglarina bakilarak
degerlendirilmistir. Katkisiz ABS ve karbon fiber takviyeli ABS malzemeden iiretilmis
numunelerin ¢ekme testi sonucunda elde edilen gerilme-sekil degistirme grafikleri sirasi
ile Sekil 6 ve Sekil 7 de verilmistir.

. /
50 / 7 “,
LA TY
[ 'S
~ o RLLT T
& 40 - bbb LU LT Y T TN = = = ABS ¢ekme numunesi
E o (Yazdirma yénii: Yan kenar)
S o) (Ig yapr doldurma agilari : 0-90)
-
(] »
£ 30 s
- e ABS cekme numunesi
a (Yazdirma yénii : Yatay)
(4] (I¢ yapr doldurma agilari : 0-90)
20
----- ABS gekme numunesi
(Yazdirma yéni : Yatay)
10 (I¢ yapr doldurma acilari : 45/-45)

0 T T T T T T T T )
0 0.5 1 1.5 2 2.5 3 3.5 4 4.5 /

Sekil Degistirme [%]

Sekil 6. ABS ¢ekme testi numunelerinin farkli yon ve agilara gore gerilme-sekil
degistirme egrileri.
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50 4

45 o
5 R SO
L 35 A -
s K R Kisa karbon fiber takviyeli ABS
- >t . (Yazdirma yond: Yan kenar)
o 30 =7 ~ . (fe yapi doldurma acilari : 0-90)

Y LeereeerrrrirninnniiiiinininnL,

§ 25 : -
P N ) = Kisa karbon fiber takviyeli ABS
D 20 b / (Yazdirma yénii : Yatay)
S _-/ . (I yapr doldurma agilari : 0-90)

15

:/ = === Kisa karbon fiber takviyeli ABS
10 (Yazdirma yénii : Yatay)
i (I¢ yapr doldurma acilari ; 45/-45)
5
0 T T T T T T T T )
0 05 1 1.5 2 2.5 3 3.5 4 4.5
Sekil Degistirme [%]

Sekil 7. Karbon fiber takviyeli ABS ¢ekme testi numunelerinin farkli yon ve agilara
gore gerilme-sekil degistirme egrileri.

Sekil 6 ve 7 de goriildiigii gibi baslangicta her iki malzeme tiirliniin de gerilme-sekil
degistirme egrilerinin akma gerilmesine kadar Hooke yasasina uygun davranis sergiledigi
goriilmektedir. Sekil 6 daki ABS polimerden 3 boyutlu yazici ile farkli igyap1 doldurma
acist ve farkli yonde (yatay ve yan kenar) iretilmis test parcalarmmin gerilme-sekil
degistirme egrileri incelendiginde, yan kenar olarak iiretilen parcanin ¢ekme dayanim
degerinin ¢ok daha yiiksek oldugu (50,388MPa) goriilmektedir. Yatay ve igyapt doldurma
acilar1 + 45°/—45° olan numunenin ¢ekme dayanimi daha diisiiktiir (46,623MPa) ancak
sekil degistirme miktar1 daha fazladir. En diisiik ¢ekme dayanimi (41,077MPa) 0°/90°
igyap1 doldurma agilarina sahip ve yatay olarak iiretilen numunede elde edilmistir. Igyap1
doldurma acgis1 ve iiretim yonii farkliliklari, ayni sekle sahip pargalar i¢cin mekanik
davraniglarin  degismesine yol ac¢mistir. Bu sonuglar, literatiirdeki c¢alismalarla
desteklemektedir [12]. Yazdirma yonii ve doldurma agisina baghh ¢ekme dayanim
degerlerindeki siralama, Sekil 7 de goriildigi gibi %15 karbon fiber takviyeli ABS
kompozit malzemeden iiretilmis numuneler i¢in de gecerlidir.

Sekil 8 de ise karsilastirmak amaci ile hem ABS hem de karbon fiber takviyeli ABS den
tiretilmis olan ¢cekme testi numunelerinin tamaminin gerilme-sekil degistirme diyagrami
goriilmektedir. Sekil 8 incelendiginde, ABS ve karbon fiber takviyeli ABS malzemelerin
uygulanan gerilmeye bagli, sekil degistirme karakteristiklerinin, yazdirma yonlerine ve
igyap1 doldurma agilarina bagl olarak ayni oldugu goriilmektedir. Karbon fiber takviyeli
ABS kompozitlerin ¢ekme dayanim degerleri ise ayni yazdirma yonlerinde daha
diisiiktiir. ABS katmanlar aras1 ve katmanlar iginde birbirlerine daha siki tutunurken
karbon fiber takviyeli filamentlerde baglar zayiflamaktadir [13]. Cekme testlerinden
sonra alinan goriintiilerde 6zellikle yan kenar olarak {iretilen karbon takviyeli ABS’de
gdzlenen ayrilmalar karbon fiber ile polimer arasinda iyi bir ara yiizeyin olusamadigini
dogrulamaktadir (Sekil 5). Buna ragmen yan kenar iiretilen karbon takviyeli ABS, yatay
tiretilen 0°/90° igyap1 doldurma acili ABS den daha yiiksek, +45/—45 i¢yapt doldurma
acil1 ABS ile yaklasik ayn1 dayanima sahiptir.
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(o))
S
]

[&
(=)

—— ABS ¢ekme numunesi
(Yazdirma yénii: Yan kenar)
(lc yap! doldurma acilar : 0-90)

N
S

___________ — - - Kisa karbon fiber takviyeli ABS
. (Yazdirma yénii : Yan kenar)
(Icyapi doldurma acilari - 0-90)

..... ABS cekme numunesi
___________ (Yazdirma y6nu : Yatay)
——————— ~ (l¢ yapr doldurma agilan : 0-90)

W
S

Gerilme [MPa]

| N, Kisa karbon fiber takviyeli ABS
i (Yazdirma yéni : Yatay)
(lc yap! doldurma acilar : 0-90)

N
(=]
|

— - — ABS ¢ekme numunesi
(Yazdirma yénii : Yatay)
(Ic yapr doldurma agilar : 45/-45)

-
(=]
|

= = = Kisa karbon fiber takviyeli ABS
(Yazdirma y6nii : Yatay)
(l¢ yapr doldurma agcilar : 45/-45)

0o 05 1 15 2 25 3 35 4 45
Sekil Degistirme [%]

Sekil 8. ABS ve %15 karbon fiber takviyeli ABS ¢ekme testi numunelerinin farkli yon
ve acilara gore Gerilme-Sekil degistirme egrileri.

Cekme deneyleri sonrast kirilma yiizeyleri incelenmistir. Optik goriintiilerden
anlasilacagi lizere, yatay ve yan kenar yoniinde, 0°/90° igyapt doldurma agilar ile

karsilastirilan +45°/—45° icyap1 doldurma acilarina sahip numuneler, 0°/90° ye gore diisiik
gozeneklilige sahip oldugu gozlenmistir.

‘- f‘.‘-- -::::::::Z.--

c) ABS Uretim yonu YATAY ic ;lap; doldurr»nAa_ag;lan 0/90°

Y0ed)
l‘ﬂ"v“ [ B0
ey

g

7 f)‘ karn Fiber takviyeli ABS Uretlm yénii: YA Agllar : 0/9—0"

e) ABS Uretim Yonii: YAN Ig yapi doldurma agilan : 0/90°

Sekil 9. Numunelerin ¢ekme testi sonrasi kirilma yiizeylerinin mikroskop goriintiileri

Bu durum, Sekil 6,7 ve 8'de verilen yatay yazdirma yoniline sahip +45°-45° acili
numunelerde elde edilen yliksek mekanik mukavemeti de dogrulamaktadir (bakiniz Sekil
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9. a-d). Ayrica, genellikle yan kenar yoniinde iiretilmis numunelerin ara katman yapisi,
bu versiyonda daha fazla katman basilmas1 gerektigi i¢in, ayn1 i¢yapt doldurma acgisina
sahip yatay olarak tiretilenden daha iyi sikistirma ve yapisma 6zelligine sahiptir. Ancak
katman yapisma yonii daha fazla yiikleme kuvveti tasiyan yiikleme yoniine diktir.
Ozellikle karbon fiber takviyeli ABS’nin zayif ara tabaka yapismasi s6z konusu olmasina
ragmen dayanim degeri daha yiiksek ¢cikmustir (Sekil 9. e-f).

4. Sonuclar

Bu c¢alismada, ABS ve %15 karbon fiber takviyeli ABS kompozitin ¢ekme dayanimi
Ozellikleri, 3 boyutlu yazici ile iiretilmesinde kullanilan parametrelerin etkileri, yani
tiretim yonii ve igyapt doldurma acist dikkate alinarak degerlendirilmistir. Temel
arastirma bulgular1 asagidaki gibi 6zetlenmistir;

1) Farkli yazdirma yonii ve doldurma agilari ile tiretilen hem ABS hem de karbon
fiber takviyeli ABS kompozitlerde en iyi ¢ekme dayanim degeri yan yazdirma
yoniine sahip numunelerde elde edilmistir. Yatay yonde ise, +45°/—45° i¢cyap1
doldurma agilarina sahip numunenin ¢ekme dayanimi yan ydne gore daha
diisiiktiir, ancak sekil degistirme miktarlar1 daha fazladir. En diisiik ¢cekme
dayanimi yatay yonde 0°/ 90° icyap1 doldurma agilarina sahip numunelerde elde
edilmistir.

1) Normal ABS, ayn1 doldurma agisina ve ayni yonde iiretilen karbon fiber takviyeli
ABS'den daha iyi 3 boyutlu yazdirilma yetenegine sahiptir. ABS numuneler
karbon fiber takviyeli ABS ile karsilastirildiginda daha iyi mekanik 6zelliklere
sahip oldugu goriilmiistiir. Bunun nedeni ABS ile karbon fiberin zayif ara katman
baglar1 nedeniyle daha diisiik mekanik dayanima sahip olmasidir. Ayrica, yan
kenar yoniinde ABS numuneler en yiiksek ¢cekme dayanimina sahiptir.

111) Cekme deneylerinden sonra numunelerin kirilma yiizeyleri analiz edilmistir.
Karbon fiber takviyeli ABS kompozit parcalarin diisiik mekanik 6zellikleri, saf
ABS ile karsilastirildiginda gozeneklilik, katmanlar arasindaki zayif yapisma gibi
kusurlarin  varligi nedeniyle 1iyi bir ara ylizey olusturamamasindan
kaynaklanmustir.
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Abstract

In this study, the Benjamin-Ono equation which was first introduced to describe internal
waves in stratified fluids are considered. Using the association between Lie point
symmetries and local conserved vectors, a reduction in both the number of variables and
the order of the equation is achieved. The auxiliary equation method successfully applied
to the reduced equation and different types of solutions are obtained. Moreover, some
graphical representations for special values of the parameters in solutions are
presented.

Keywords: Double reduction method, conservation vectors, Benjamin-Ono equation.

Ikinci mertebeden Benjamin-Ono denkleminin korunum kanunlar
yardimiyla ¢ift indirgemesi ve tam ¢oziimleri

Oz

Bu c¢alismada, ilk kez tabakali sivilardaki i¢ dalgalar: tamimlamak icin sunulan
Benjamin-Ono denklemini ele alinmistir. Lie nokta simetrileri ve yerel korunum
vektorleri arasindaki iliskiyi kullanarak hem degisken sayisinda hem de denklemin
mertebesinde bir indirgeme elde edilmistir. Indirgenen denkleme yardimci denklem
metodu bagarili bir sekilde uygulanms ve farkl tipte ¢oziimler elde edilmistir. Ayrica
¢oziimlerdeki parametrelerin ozel degerleri i¢in bazi grafik temsilleri verilmistir.

Anahtar kelimeler: Cift indirgeme yoéntemi, korunum vektorleri, Benjamin-Ono
denklemi.
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1. Introduction

Nonlinear evolution equations occur not only in many areas of mathematics but also in
other disciplines such as biology, engineering sciences, space sciences, physics,quantum
mechanics,chemistry and materials science. There are many nonlinear evolution
equations naturally arising from various branches of science such as the nonlinear
Sine-Gordon equation in quantum mechanics[1], the Cahn-Hilliard equation in the study
of phase transitions of binary alloys [2], the Navier-Stokes equations in the study of the
flow of viscous incompressible fluids [3].

Thanks to advances in computer science, using software programs (e.g. Maple,
Mathematica), a number of useful methods and theories have been developed and
implemented to find solutions to nonlinear evolution equations [4-23].

In this paper, we consider the second order Benjamin-Ono equation [24, 25]

Uy + B(uz)xx + YUyxxx = 0, (1)

which is presented to model the percolation of water on the porous surface of a horizontal
layer of material, as well as the analysis of long waves in shallow water. In Eq. (1),
dependent variable is the elevation of the free surface of the fluid; the vertical deflection
or the quadratic nonlinearity accounts for the curvature of the bending beam, y is the
fluid depth, £ is a constant controlling nonlinearity and the characteristic speed of the
long waves [26]. Many researches have been conducted on this equation, which has
attracted the attention of researchers for many years [27-31].

This paper is structured as follows: In Section 2 and 3, we introduce some properties of
the double reduction and auxiliary equation method, respectively. In Section 4, we apply
these methods to find the solutions of underlying equation. Our discussions and
conclusions are given in Sections 5 and 6, respectively.

2. Overview of double reduction method

Here, the relationships between Lie symmetries and conservation laws of systems of
partial differential equations (PDEs) will be presented. Then, how to perform double
reduction of the equation under consideration will be introduced.

2.1 Fundamental theorems
Let’s examine the sth order system of PDEs of m independent variables x =
(x1,x?%,...,x™) and n dependent variables u = (vq,Vy,...,Vy)

P“(x,v,v(l),...,v(s)) =0 a=1,...,n 2)

where V(q), V(2), ..., V(s) symbolize the first, second, . . ., sth order partial derivatives,
ie., v{ = D;(v¥),v{; = D;D;(v¥),... respectively, with the total differentiation operator
with respect to x! given by

] « 0 a0

Di=ﬁ+viav—a+vijﬁ+..., i=1,...,n, (3)
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where the Einstein’s summation convention is utilised. The following definitions are
acknowledged (see, e.g. [32-34]). The variational operator given by

S 0 )
s = 61/_a+ 2521 (_1)5Di1---DiSM’ a=1,...,m. (4)

The Lie-Bdcklund operator is given as
F=€ii+ a 9 Fnres (5)
dxt N ave’ 2 ’

where § is the space of differential functions. The operator (5) is an abbreviated version
of the infinite formal sum

a ad
e T Zs21 Siiipis om0 (6)

;
=& —+n“
E ox! 7 i1iz..is
where the extension coefficients are given by the extension formulae
i =Dy i (WS + v o s>1, (7
where W is the Lie characteristic function

W =n% =g (8)

The N! Noether operator is presented in terms of I' operator as

NU=E 4 W4 50 Dy (WD) i=1..m, )

a )
SVii,.ig

where the variational operators w.r.t. derivatives of v% are obtained from (4) by
replacing v% by _the corresponding derivatives. The m -tuple vector T =
(T1,T?,...,T™), TV €S, j=1,...,m is aconserved vector of (2) if T® satisfies

D;T!|(zy = 0. (10)

We now give the relevant results used in this study below.

Definition [35]: If the T conserved vectors and I' operator of the equation (2) satisfy
the following expression

[(TY) + TiD(E*) = T*D(§) =0, i=1,...,m, (11
then it is said to be they are associated.

Theorem [34, 36]: Assume that I is any Lie-Backlund operator of Eq. (2) and the
components of conserved vector of (2) are given by T*. Then

T =[TLT) =T(TY)+T'D;§/ —T/D;é,, i=1,....m, (12)
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construct the components of a conserved vector of (2), i.e., DiT*i|(2) = 0.

Theorem [37] : Assume that D;T‘ = 0 is a conservation law of the PDE system (2).
Then under a similarity transformation, there exists functions T such that JD;T* = D;T*
where T! is given by

T1 T! T1 T!

T2 2 2 T2

=g, (7 )=ar(T (13)

Tm ™ Tm Tm

in which
D;x*  D;x? D;x™ D,¥' DX D;x™

A= (Dot Dot D) g (DX DXE DA )
D,,x* D,,x? D,,x™ D,,%* D,%* D, ™

and | = det(A).

Theorem([37]): Assume that D;T* = 0 is a conservation law of (2). Then under a
similarity transformation of a symmetry I' (6), there exist functions T' such that the
symmetry I' is still a symmetry for the PDE D'T and

IT? [T%,T]
ErT2 AT :[TZ,F] _ (15)
rrm [T™,T]

If the conservation laws of the equation (6) are associtaed with the Lie symmetries of the
equation in the sense of (11), then conservation laws D;T; = 0 of (6) can be reduced
D;T' = 0 under the similarity transformations corresponding to ' Lie symmetries [25].

Therefore, generalization can be clearly made. If s th order equation (cf. Eq. (6)) has a
non-trivial conserved form and this conserved form is asociated with Lie symmetries (for
the m number of reductions where m is the number of independent variables of (6))
then the equation can be reduced to a (s — 1) th ordinary differential equation (ODE)
[37].

3. Recapitulation of auxiliary equation method

The principal steps of auxiliary equation method are summarized in this section [38].
Suppose that a nonlinear evolution equation is expressed as

KU, Uy, U, Uy, Ugpy---) = 0, (16)

where & is a polynomial in u(x,t) and its partial derivatives involve the highest order
derivatives and nonlinear terms. After algebraic operations, Eq. (16) is transformed into
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an ODE with the transformation & = x — ut

Ow,u',u',u",...) =0. (17)
Suppose that the solution of Eq. (17) has the form

u(§) = S(¢) = LjLo o), (18)

where the integer M can be obtained by balancing procedure appearing in Eq. (17) and
n;(j =0,1,...,M) are constants that need to be determined. Here, ¢({) fulfills the

following auxiliary ODE:

d¢ z_ 2 4 6
(52) =mup@)? + mp(O)* +msp(©)°, (19)

where m,, m,, m3 are real parameters. Eq. (19) admits several types of solutions:

m, my (sech(ying©)*
my2—my my (1+€ tanh(ym;))”

Case 1. For m; > 0, ¢41({) = \/—

m,y my (csch(ymz)*
m2—my my (1+€ coth(ymgé))”’

Case 2. For m; > 0, ¢,({) = \/

mq

€ VAcosh(2 ym&)-my’

Case 3. For m; >0, A >0, ¢3(0) = \/7\/

m

1
V=mi&)-my’

Cased.For m; <0, A>0, ¢,(() = \/E\/E\/zcos(z

m

1
\/—m1f)—m2’

Case 5.For m; >0, A<0, ¢<({) = \/E\/E\/Zcos(z

mq

V=mi§)-my’

Case 6. For m; < 0, m3 > 0, ¢x(¢) = \/E\/e\/Zsin(Z

_ m, (sech(vmz§))”
m,2-2 € ./m; mgtanh(ym;§)’

Case 7. For my > 0, m3 > 0, ¢,({) :\/

my (sec(y=m;&))’
Case 8. For m; <0, m3 > 0, ¢g({) = \/—m22+2 61\;mt;n(z/—_m16)’
my (csch(mz§))”

Case 9. For m; > 0, m3 > 0, ¢o({) = \/m22+26mcoth(\/m_1§)’
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my csc(y=mq$)
my2+2 € ,/[~m; mztanh(y=m;§)’

Case 10. For m; < 0, m3 > 0, ¢10({) = \/_

Case 11. For my > 0, A =0, ¢1,()) = \/_ m (1+Et31;:(1/2 \/m_lf)),
2
Case 12. For my; > 0, A =0, ¢1,({) = \/_ my (1+€ co:::(l/z \/m_lf))’
2
2e,/mq§
Case 13. For m; > 0, ¢13(¢) = 4 mye :
(eZ E\/m_lf_4 mz) —64 m; ms

my e2 e /mq&
1-64m; mz et €Vmié’

Case 14. For my > 0, m, =0, ¢14({) = 4\/
where A = m3 — 4m;ym, and € = +1.

4. Solutions of the Benjamin-Ono equation

The symmetry group of the Benjamin-Ono equation (1) will be generated by the vector
field of the form

] 2 ]
['=1(xtu) FYias (x,t,u) Py n(x, t,u) P (20)

We obtain an overdetermined system of linear PDEs implementing the fourth
prolongation Tl to Eq. (1). Then, solving the obtained system, we get Lie point
symmetries of (1) with the help of SADE (in Maple) [39]:

0

r=2 @1
]

FZZ%,

f_, 0 0 x0

3T U5 "o 20x

It is shown by Kaplan et al. [40] that (1) accepts the following conserved vectors

TE = xu,, (22)
Tlx = 2fxuu, — ﬁuz = YUxx + VXUyxx,

T = —u + tu,,
TS = 2Btutl, + Ytlyyy,

TY = —xu + xtuy,
Ty = 2Btxu,u — ftu? — ytuy, + Ytullyyy,

t
T4 = Uy,
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Ty = 2Buuy + YUyyy,
with the corresponding multipliers
(All AZJA3JA4) = (x; tP XtP 1) (23)

With the help of the double reduction theory, we compute the exact solutions of Eq. (1). If
the following expression is satisfied

rer()-GE BM ek D0 e

then the Lie-Backlund symmetry generator I' is associated with a conserved vector T of
Eq. (1).

4.1 A double reduction of (1) by (I'y,T>)
We now show that T'; and T, are associated with T,. We obtain

T;f) _ L[3] (Tf) 0 0 (Tf) (Tf)

(T;x =h T} (0 0) T} +(0) T} 25)
from (24). Here F1[3] = aa_x' (25) shows that

T,;t = 0,T;* = 0.

Thus, I is associated with T, [35].

Similarly for I, we obtain
T;t) _LI3] <T4t) 0 0 (Tf) (Tzf)
(T;x =5 gz (o 0) 7)) " ©0) ) (26)
where I}%) = 2. (26) shows that
T,t =0,T;* = 0.

Thus, I, is associated with T, in the sense of Kara and Mahomed’s definition [35].

We investigate a linear combination of I'; and I:

a , a
F—CZF1+F2—O!£+E, ; (27)
and this generator is then transformed into its canonical form Y = P where we suppose

that Y has the following form
] ] ]
Y'=—4+0—-+0_- (28)

Thus, we get
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Z=E-2_E_S2 (29)

1 11
(30)
do du dr
o’o0’0’
and
b =at—x,b, =s—t,by=1,b, = w,bs = u. (31)
By choosing by = b3, b, = 0, b, = bs, we obtain the canonical coordinates
r=at—x,s=tw=1u,
(32)
where w = w(r). The inverse canonical coordinates are presented below
xX=as—1r,t=5Uu=w. (33)

The matrices A and A~ can be computed using the canonical coordinates above
_(Drt Dpx\ _ (0 -1
A= <Dst sz) =1 )
and
_ D.r D,r a -1
INT t X _
(A4=)" = (Dts st> N (1 0 )

where | = detA = 1. The reduced conserved form is given by

() =re ()= 3G = G ) o9

Substituting (32) and the partial derivatives of u, into (34), we get

T = a?w, + 2Bww, + YWy, (35)
T4»S = —2PWW, — Y Wypp,

where the reduced conserved form (35) satisfies
D, T, + D;T; = 0. (36)
The reduced form (36) also satisfies D, T, = 0. This yields

a’w, + 2BWw, + Ywpy = ky. (37)
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4.2. Application of the auxiliary equation method
We seek solutions of (37) by the auxiliary equation method while setting the constant k;
to zero. Balancing w,..,- and ww,. in Eq.(37), we have M = 2 and then proceeded as

w(r) = ng +ny0(r) + ny (1), (38)

with ny,n; and n, which are constants need to be determined. Substituting Eq. (38) into
Eq. (37) and equating the coefficients ¢’ (r) for (j = 0,1,2,..., M) to zero, a system of
algebraic equations was obtained. We recovered solutions for the obtained system as

B 4 +a?
{mz:_6_7;2,7713:0,710:_%;“,711:0,}. (39)

With the help of inverse canonical coordinates, the solutions of Eq. (1) are obtained as
follows when m; > 0

2
2 h(vmy(a t—x)
w (x,t) = — “*;‘Bymwem”(m (;"1“ 9) (40)
: (esen(ymsa =)’
m CcScC mi(at—x
uZ(x,t):_%[;nll—6 1Y ﬁl : (41)
-1
us(x, t) = ——1™ +:l;m1 +2n,my (\/_ cosh(2 Vmi(at—x)) +£ ) , (42)

-2
u4(x,t) __« +47m1+16n2m e26\/—(at x)( 26\/m_1(at—x)+2ﬁ3_7;2) ) (43)

2p
and when m; <0

1

us(x,t) = —4ym;+a +2n,my <\/_ / cos(Z V=mi(at—x))+ ﬁn2> (44)

-1
2
Ug(x, t) = — X 4 o, my (\/%_6 B ’;22 sin(2 y=my(at —x)) + %) . (45

2B

(a) /,r"'“‘\\\ D)

T L )
e, A R N S e M

Figure 1. Profile of solution (40) where y = 1,8 = 1.2 with (a) a = 0. 5 my; = 0.1,
(b)a=09,m; =05 and (¢c)a =1.2,m; = 1.5.
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t t 1515

t
Figure 2. Profile of solution (40) where y = 1, = 2 with (d) @« = 1,m; = 2.5,
(e)a=-11m; =5 and (f) a =1.1,m; = 4.

15 35

Figure 3. Profile of solution (43) where y = 2, = —2,e = —1,n, = 1.2 with {a =
25m; =4}, {a=22,m; =1} and {a =1.8,m; = 2.1},
respectively.

|
' r re r

Figure 4. Profile of solution (44) where y = 1,8 = 1,6 = 1,n, = 0.6 with {a =
—-2,my = —0.2}, {a = 1.5,my; = —0.5} and {a = 1.5,m; = —1},
respectively.
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Figure 5. Profile of solution (44) where y =1, = 1,e = 1,n, = 0.6, = 1 with m; =
—1,m; = —1.5 and m; = —2, respectively.

Remark 1 The accuracy of all the solutions obtained was examined by placing them in
their original equations using Maple.

6. Discussions

This work provides a new way of constructing various exact solutions for PDEs by
establishing a relationship of the current symmetry with the conserved vectors of the
equation. In order to find the solutions of the reduced equation obtained as a result of
double reduction theory which has been applied after establishing the conserved vectors
association with the Lie symmetries, the auxiliary equation method, which is an effective
method, was used. We have achieved various traveling wave solutions including
trigonometric, hyperbolic, and exponential solutions. In Figs. 1-5, a few graphic
representations are given by giving special values to the parameters in the solutions
obtained and the behavior caused by small changes in parameters is shown in 3D
graphics. Figs. 1 and 2 represent solitary wave solution, Fig. 3 represent hyperbolic
function solution, and Figs. 4-5 demonstrate periodic wave solutions which are traveling
wave solutions that repeat its values in regular intervals or periods.

5. Concluding remarks

In this work, we considered Benjamin-Ono equation and we used the double reduction
theory and the auxiliary equation method to investigate underlying equation. Double
reduction theory is a powerful mathematical tool for obtaining reduced forms and exact
solutions of partial differential equations or systems. This theory provides not only
transformations that provide traveling wave solutions, but also a systematic way of
finding other types of transformations. These transformations reduce a nonlinear system
of gth-order PDEs with n independent and m dependent variables to a nonlinear system
of (g — 1)th-order ODEs provided that in every reduction at least one symmetry is
associated with a nontrivial conserved vector; otherwise, reduction is not possible. The
reduced ODE can be solved analytically or numerically to obtain exact or approximate
solutions. Interestingly, the transformations that give traveling wave solutions can
sometimes give more than one reduced form and the simple one can be used to find the
exact solution [41]. Using the association between Lie point symmetry generators and
conservation law of Benjamin-Ono equation, we obtained a reduction in the number of
both orders and variables of the underlying equation. Therefore, we reduced the number
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of variables from two to one and the order of the equation from four to three, at the same
time. The application of the double reduction method, which is the main purpose of this
study, has been successfully completed. To obtain solutions of the reduced equation, we
have successfully applied auxiliary equation method. These solutions include a periodic,
parabolic, and exponential solutions confirming the effectiveness of the method. When
some of the solutions obtained are compared with the studies in the literature and when
parameters are given arbitrary values in works in which used different methods, it can be
observed that solutions with similar form are obtained [29]. According to our best
knowledge, the remaining solutions are new. The physical properties of some obtained
results have been illustrated using suitable parameter values in Figure. 1 — 5. We hope
that the results obtained will be used for important physical practices and guide new
research.
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Oz

Bu ¢alismada, ozellikle ikaz kuvvetlerinin belli olmadigi durumlarda, yapilarin, ¢calisma
sartlarinda modal karakteristiklerinin elde edilmesi amaciyla gelistirilmig bir deneysel
modal analiz yontemi olan Operasyonel Modal Analiz (OMA) yonteminin bir dizel gemi
Jjenerator seti tizerinde uygulanmasi gerceklestirilmistir. Calismada, modal analizi
vapilan jenerator setinin, kaidelerinden sokiilmeden ve herhangi bir ikaz vermeden,
calisma esnasinda titresim zaman veri setleri kaydedilmis ve gii¢ spektral yogunluklarin
tekil degerlere ayristirtimasi yontemi ile harmonikler ve dogal frekans degerleri elde
edilmistir.

Anahtar kelimeler: Operasyonel modal analiz, jenerator titresimleri, gemi titresimleri.

Operational modal analysis of a marine diesel genset

Abstract

In this study, one of the experimental modal analysis methods called Operational Modal
Analysis (OMA) which is conducted in order to obtain modal characteristics of a running
system when the excitation forces are unknown and the system is in ambient conditions,
has been applied on a marine diesel generator set. In the study, the vibration time datasets
have been recorded without detaching the genset from the foundations in ambient
conditions and the modal frequencies with harmonics have been obtained using the
method of singular values decomposition of power spectral densities.

Keywords: Operational modal analysis, genset vibrations, ship vibrations.
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1. Giris

Gilintimiizdeki gemiler, icerisinde birgcok mekanik ve elektronik ekipman bulunduran
kompleks yapilardir. Teknolojinin gelismesiyle yapilan ¢aligmalar artmis, bu ¢alismalar
gemi sektoriinde de etkilerini gostermistir. Deniz tagimaciliina giinden giine artan talep,
gemi insaati ve gemi makinalar1 sektoriinii pozitif yonde ivmelenen bir rekabet alani
haline getirmistir. Bu talebin karsilanmasi i¢in yapilan yeni tasarimlarda gemiler giderek
hizlandirilmakta, hafifletilmekte ve boyutlar1 biiyiitiilmektedir. Bu tasarimlarin gemide
emniyet ve konfor kriterlerinin gozetilerek olusturulmasinda, titresim ve akustik analizler
bliyiik 6nem arz etmektedir. Gemilerde titresimin i¢ ve dis kaynaklar olmak iizere iki
temel unsuru vardir. Ana makina, jeneratorler, pervane saftt vb. gibi unsurlar i¢
kaynaklara ornek olarak verilebilirken dalga, rlizgar, akinti veya gemideki dengesiz
yiikleme durumlari dis kaynaklara rnek verilebilir. Istenmeyen bu titresimler, gemilerde
biiylik hasarlara neden olabilmektedir. Yolcu ve personelin seyahat kalitesi ve giivenligi
ile ¢alisan ekipmanlarin performansi, olusan titresimlerden oldukga etkilenmektedir. Agir
yikict sonuglara dahi sebep olabilen titresim problemi, gemide tasarim asamasinda
oncelik verilmesi gereken konulardan biridir [1]. Bu calismada, yerel titresim
kaynaklarinin en Onemlilerinden biri olan gemi jeneratorlerinin, isletme sartlarinda
yapilan ve “Operasyonel Modal Analiz (OMA)” olarak adlandirilan modal analiz yontemi
ile dogal frekans ve mod sekillerinin elde edilmesi gerceklestirilmistir. Calismanin
sonucunda, analizin yapilacagi mekanik sistemin kaidelerinden sokiilmeden ve disaridan
bir ikaz vermeden calisma sartlarinda efektif olarak modal karakteristiklerinin
belirlenebilecegi gosterilmistir. Asagida verilen literatiir taramasinda genel olarak
jeneratorlerin dinamigi ve operasyonel modal analizi ile ilgili birtakim c¢aligmalardan
bahsedilmistir.

H. Clarke ve arkadaslari, operasyonel modal analiz yontemini (OMA) alternator setlerinin
titresim karakteristiklerinin belirlenmesinde etkili bir yontem olarak kullanmiglardir.
Olgiimler, calisma ortam1 esnasindaki ikaz sartlarinda elde edilmistir. Ozellikle kalkma
ve durma esnasinda alinan kisa zaman datasi, mod sekillerinin belirlenmesi acisindan en
onemli veriyi saglamistir. Calismada 5 Hz ile 180 Hz arasinda bir¢ok rijit cisim modu ve
elastik modlar tespit edilmistir. Caligilan alternator setleri arasinda yiiksek diizeyde
korelasyon gozlemlenmistir [2]. B. Peeters ve G. De Roeck, calismalarinda, referans
sensOrlerinin onceden sistem tanimlama adiminda bulunmasini esas alan ve yeni bir
olasiliksal altuzay tanimlama yaklasimi adimi olan “yeni alinan ¢iktilarin yatay uzayimnin
eski alinan referans ¢iktilarinin yatay uzayinin lizerine izdiigiimiinii almak™ prensibini
irdelemiglerdir. Ayrica ¢alisma sartlarinda yapilan testlerde tipik olarak goriilen “tiim
serbestlik derecelerinden ayni anda 6l¢iim alinamama fakat iistiiste cakisan referans
sensorleri ile parcali halde Ol¢lim alinabilmesi” prensibinden de bahsedilmistir. Bu
referans sensorlerinin 6zellikle global mod sekillerinin elde edilmesi i¢in gerekli oldugu
tizerinde durulmustur [3]. Y. Yang ve S. Nagarajaiah, kor kaynak ayristirma tabanlh
yontemlerin salt ¢ikti temelli modal analizler icin ¢ok etkin ve giliclii oldugunu
gostermislerdir. Giiniimiizde varolan kor kaynak ayristirma tabanli yontemlerin dl¢iim
icin en az aktif mod sayis1 kadar sensor gerektirdigi bilinmektedir. Bu ¢alismada, yeni bir
kor kaynak ayristirma tabanli yontem olan ve “ayrik bilesen analizi” ad1 verilen bir modal
analiz algoritmasi Onerilmektedir. Bu analiz yonteminde, aktif mod sayisindan oldukca
diisiik sayida sensor kullanilmakta olup yontemin sinirlt sayida sensor ile yapilabilen cok
giivenilir, basit ve etkin bir salt ¢ikt1 temelli modal analiz oldugu ortaya konulmustur [4].
R. Brincker ve arkadaslar, 6zellikle ikaz sisteminin bilinmedigi durumlardaki modal
parametrelerin tahmin edilmesinin gerektigi zamanlarda kullanilmak iizere frekans
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bazinda yeni bir modal tanimlama teknigi sunmaktadirlar. Sunulan teknik, klasik yontem
olan “modal parametrelerin tepe noktalarindan elde edilmesi” yontemine ¢ok benzerdir.
Ancak, cevap spektrumlari, spektral yogunluk fonksiyonu matrisinin ayrigtiritlmasi
yontemiyle herbiri ayr1 bir moda karsilik gelecek sekilde bir dizi tek serbestlik dereceli
sisteme ayrilabilir. Bu ayristirma teknigi ile sinyalde yiiksek giiriilti kirliligi olsa bile
birbirine yakin modlar yiiksek hassasiyet ile elde edilebilir. Ayrica bu yontem, cevap
sinyali i¢cindeki harmonik bilesenleri bariz bir sekilde gosterebilmektedir [5]. R. Brincker,
caligmasinda, operasyonel modal analiz yapmak isteyen arastirmacilar i¢in bir kaynak
olusturmas1 amactyla operasyonel modal analizin belli basl bilesenlerine genel bir bakis
sunmustur. Calisma, genel olarak rastgele titresim cevab1 modellemesi ile Fourier serileri,
Fourier integrali, Laplace doniisiimii ve Z-doniisimii gibi operasyonel modal analiz
donilistimlerine yer vermistir. Ayrica caligmada, rastgele titresim cevabi spektral
yogunluk matrisi ile beyaz giiriiltii altinda korelasyon fonksiyonu ve spektral yogunluk
matrisinin teorik ¢oziimlerine yer verilmistir. Bunun yaninda deneysel ¢alismalar igin
birtakim 6nemli oneriler ve ¢okga kullanilan sinyal isleme teknikleri tizerinde durulmus
olup birtakim zaman kiimesi ve frekans kiimesi tanimlama teknikleri ile ilgili cesitli
algoritmalar sunularak mod sekli Ol¢eklendirme ve mod sekli genisletme konulari
irdelenmistir [6]. J. Grosel ve arkadaslari, ¢esitli miithendislik yapilar1 bazinda, klasik
modal analiz ile operasyonel modal analiz yontemlerinin karsilagtirilmasi tizerinde
calismislardir. Calismada, ¢esitli miihendislik yapilar1 {izerinde uygulanan titresim
Olctimlerinin sonuglart farkli birtakim veri isleme teknikleri ile beraber sunulmustur.
Titresim Olctimleri, kendi ¢alismamizda oldugu gibi Briiel & Kjer firmasi tarafindan
tiretilmis olan ¢ok kanalli PULSE 6l¢lim ve analiz sistemiyle ger¢eklestirilmistir [7]. E.
P. Carden ve M. Lindblad, elektrik motoru ile siiriilen bir pistonlu kompresor, dizel motor
ile siiriilen bir su pompasi ve bir gemi itici sistemi lizerinde burulma modlarinin tespiti
icin uygulanan bir operasyonel modal analiz calismasi gergeklestirmislerdir. Rotor
sistemlerinde, egilme modlarinin tersine burulma modlarinin hiza baghh olmadig:
goriilmiistiir. Bunun sebebinin, burulma modlarinin farkli yiikleme durumlarinda farkli
bicimlerde olmasindan kaynaklandig diisiiniilmiistiir [8]. J. Johansson ve arkadaslari,
caligmalarinda, 2 kutuplu donen makinalar {izerinde birtakim operasyonel modal analizler
sunmaktadirlar. Analiz frekans araligi 50 ile 100 Hz arasi1 olarak belirlenmis olup,
dengelenmemis yiiklerin ve elektromanyetik kuvvetlerin, stator tizerinde ytiksek titresim
genlikleri ortaya ¢ikardigi gozlemlenmistir. Calismada, biri “Egri Uydurulmus Frekans
Kiimesi Ayriklagtirmas1”, digeri ise “Olasiliksal Altuzay Sistem Tanimlama” yontemi
olmak iizere iki analiz yontemi kullanilmistir. Bu yontemlerle elde edilen sonuglar ayni
zamanda klasik modal analiz yontemiyle elde edilen sonuglarla karsilastirilmis ve
sonuclar irdelenmistir [9]. E. P. Carden, ¢alismasinda, bir acik deniz platformu iizerine
yerlestirilmis dizel jeneratoriin cesitli bilesenleri tlizerinde olusan hasar ve catlaklari
incelemistir. Incelenen dizel jeneratdr, yanyana monte edilmis birbiri ile ayni boyutlara
sahip 5 adet yapidan bir tanesini olusturuyordu. Catlaklarin olustugu birim en yiiksek
titresimin oldugu birimdi. Calismada, birimlerin hizalamalarinin iyilestirilmesi,
kaidelerin giiclendirilmesi ve hasarli noktalarin tamiri gibi islemlerin higbirinin hasarlarin
tekrar olusmasina engel olmadig1 gosterilmistir. Olgiimler isletme sartlarinda alimis olup
elde edilen zaman datasi iizerinde operasyonel modal analiz gergeklestirilmistir. Analiz
sonuglari irdelendiginde, problemin yapilarin farkliliklarindan degil alternator i¢indeki
yapisal bir kusurdan kaynaklandigi sonucuna varilmistir [10]. J. Bednarz oncelikle
operasyonel modal analiz metodunda, ikazin rastgele oldugu kabuliinii yaparak ise
baglamistir. Fakat bu kabuliin, operasyonel modal analizle (OMA) elde edilen modal
modelin dogrulugunu koétii yonde etkileyen ve ikazin donen bilesenlerden geldigi
birtakim endiistriyel makinalarda gecerli olmadigi da belirtilmistir. Bu yiizden bu
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problemin asilmasini saglayan tekniklerin elde edilmesi biiylik 6nem arz etmektedir.
Calismada, bu tekniklerden biri olan OMAX metodunun, mekanik yapilarin operasyonel
sartlarda incelenmesinde giiniimiizde siklikla kullanilan bir metod oldugu
belirtilmektedir. Calisma genel olarak klasik operasyonel modal analiz (OMA) ile
OMAX yonteminin karsilastirilmasini icermektedir [11].

2. Amag¢ ve kapsam

Bilindigi lizere, “Calisma Sartlarinda Modal Analiz” olarak da adlandirilan “Operasyonel
Modal Analiz (OMA)”, ikaz durumunun veya ikaz kuvvetlerinin bilinmedigi sartlarda
makina ¢alisirken veya bir dis ikaz altindayken toplanan titresim zaman verisi yardimiyla
yapilan deneysel bir modal analiz yontemidir. Bulundugu kaideden veya ortamdan
sokiilmeden varolan ikaz sartlarinda yapilan bu analiz yontemi ile klasik modal analiz
yonteminde oldugu gibi yapinin tiim modal parametreleri (dogal frekanslari, mod sekilleri
ve soniim oranlar1) elde edilebilir. Ancak jeneratdr, pompa, pervane vb. gibi donen
bilesenler iceren sistemlerin analiz sonuglarinda “harmonikler” adi verilen bilesenler de
ortaya cikar. Operasyonel modal analiz sonuglarini elde ederken mevcut veriyi bu
harmoniklerden ayristirmaya gerek duyulmaktadir. Bunun i¢in ya analiz sirasinda
incelenen yapinin donen bilesenlerinin durdurulmas: ya da ona uygun bir yazilim
kullanilmast gerekmektedir. Sekil 1°de bu calismada incelenen jenerator setinin gemi
makina dairesinin zeminine baglanmis hali gdsterilmektedir.

Sekil 1. Modal analizi yapilan gemi jenerator seti.

Analizi yapilan gemi jenerator seti, “Caterpillar C9Di” marka bir dizel gemi jenerator
setidir. Jeneratdr seti, Istanbul/Tuzla tersaneler bolgesinde bulunan “CINDEMIR”
tersanesinde havuzlanmis “UGUR DADAYLI” adli geminin makina dairesinin zeminine
baglanmis durumdadir. Calismada kullanilan jenerator setinin teknik 6zellikleri Tablo
1’de belirtilmistir.
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Tablo 1. Caterpillar dizel jenerator setinin teknik 6zellikleri.

Ozellik Deger
Model C9Di
Maksimum Gii¢ 375 BG
Minimum Giig 275 BG
Maksimum Tork 1667 Nm (1400 rpm)
Silindir Say1s1 6 (siral1)
Nominal Devir Sayis1 1800 rpm

3. Modal analiz

JeneratOr setinin operasyonel modal analizini gerceklestirmek icin 2 adet ivmedlger
(piezoelektrik sensor) kullanilmistir. Bunlardan biri referans sensorii digeri ise gezici
sensordiir. Referans sensorii olarak Briiel & Kjer firmasinin 4506-B modeli olan 50
mV/ms™ hassasiyetinde, ii¢ eksenli piezoelektrik sensorii ile gezici sensor olarak yine
Briiel & Kjeer firmasmin 4507-B modeli olan 10 mV/ms™ hassasiyetinde, tek eksenli
piezoelektrik sensorii kullanilmigtir. Operasyonel modal analizin gergeklestirilebilmesi
icin yine Briiel & Kjer firmas: tarafindan gelistirilmis “PULSE Operational Modal
Analysis” yazilimindan faydalanilmistir. Oncelikle jeneratdr setinin PULSE OMA
yazilimi lizerinde, modal modelinin olusturulmasi ve referans noktasi ile gezici sensorle
veri toplanacak diigiim noktalarmin tanimlanmasi yapilmistir. Ornekleme frekansimnin
tespiti icin ise fsr 0rnekleme frekansi ve fmax gormek istedigimiz en yiiksek frekans degeri
olmak tizere,

fér > (24) fmax
bagintis1 kullanilmistir. Sekil 2°de 6l¢iim i¢in ¢izilen modal model, Sekil 3’te ise tek

eksenli gezici sensoriin konumlandirilacaglr diigim noktalar: ile 6l¢lim dogrultulari
gosterilmistir.

Sekil 2. Modal model.
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2

Sekil 3. Modal diigiim noktalar1 ve 6l¢tim yonleri.

Modelde toplam 134 diiglim noktast bulunmakta olup deney sonucunda toplam 150
zaman verisi seti elde edilecektir. Zaman verisi seti sayisinin diiglim noktasi sayisindan
fazla olmasmin sebebi, tek eksenli gezici sensoriin bazi diigiim noktalarinda ve
geometrinin el verdigi 6l¢iide iki farkli dogrultuda 6l¢lim alinacak olmasidir. 2 numaral
diiglim noktasi referans noktast olup (mavi eksen takimi) bu diigim noktasina ii¢ eksenli
referans sensoril sabitlenmistir. Sekil 4°te referans sensoriiniin konumu gosterilmistir.

Sekil 4. Referans sensoriiniin konumu.

Olgiimler su sekilde alinmistir. Her 6l¢iimde, analizoriin ilk ii¢ kanalindan 2 numarali
diiglim noktasina yerlestirilmis referans sensoriiniin X, y ve z bilesenlerinin zaman verisi
alinirken ayni anda bagska bir diiglim noktasina yerlestirilmis tek eksenli gezici sensoriin
zaman verisi analizOriin dordiincii kanalindan alinmistir. Gezici sensor sirastyla tiim
diiglim noktalarina konuslandirilarak yukarida belirtilen zaman verisi kayitlart her diigiim
noktasi i¢in toplanmistir. Bu sekilde elde edilen toplam 150 veri seti “PULSE Operational
Modal Analysis” yazilimi lizerinde analiz edilerek Sekil 5°te gosterilen “Tekil Degerlere
Ayristirtlmis Spektral Yogunluklar” grafigi elde edilmistir.
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Sekil 5. Tekil degerlere ayristirilmis spektral yogunluklar grafigi.

Bu grafikte, yesil bolgeler i¢inde gosterilen tepe noktalart harmonikleri gostermektedir.
Bu yiizden gegerli tahmin fonksiyonu (kesikli dikey kirmizi ¢izgiler) {izerindeki tepe
noktalar1 bize dogal frekanslar1 vermektedir. Sekil 5°te gosterilen “Tekil Degerlere
Ayrnistirtlmis Spektral Yogunluklar” grafigi sonucu elde edilen ilk 10 dogal frekans degeri
Tablo 2’de verilmistir.

Tablo 2. Dogal frekanslar.

Mod No. Frekans Degeri (Hz)
1 17
2 21
3 79
4 104
5 117
6 121
7 133
8 232
9 257
10 270
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Ayrica, Sekil 6 ve Sekil 7°de, 21 Hz ve 270 Hz degerlerindeki mod sekilleri de
gosterilmistir.

Selected channel: 4506 B-xyz.z (2Z+)

Graphical Objects

Sekil 6. 21 Hz degerindeki mod sekli.

Selected channel: 4506 B-xyz.z (2Z+)

Graphical Objects

Sekil 7. 270 Hz degerindeki mod sekli.

Mod sekilleri detayli incelendiginde, donen aksamin ve genel sistemin muhafazasi olarak
modellenen iist ve alt boliimlerde yiiksek diizeyde sekil degisimi ortaya ¢iktig
gdzlemlenmistir. Bunlar sisme modlari olarak da adlandirilmaktadirlar. Ozellikle yiiksek
frekans degerlerinde sekil degisimlerinin diisiik modlara nazaran daha yiiksek oldugu a¢ik
olarak goriilmektedir. Mod sekillerinde ciddi acidan bir egilme ve burulma modu
gbzlemlenmemistir.
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4. Sonuc ve degerlendirme

Bu calismada, ikaz kuvvetleri gozetilmeden dogrudan ¢alisma sartlarinda alinan titresim
zaman verisi lizerinden yapilan ve deneysel bir modal analiz yontemi olan operasyonel
modal analiz yontemi, havuzlanmis bir geminin makina dairesine kurulmus bir dizel gemi
jenerator seti lizerinde uygulanmistir. Calisma, uygulama alanina bakildiginda ilk defa
yapilan bir ¢alisma olma 6zelligi tasimaktadir. Gemi titresim problemlerinde 6nemli bir
titresim kaynagi olarak goriilen jenerator titresimlerinin gemi tistyapisi iizerindeki
etkilerinin incelenmesinde, bir kaide iizerine oturtulmus olarak zemine baglanmig
jenerator setinin dogal frekanslarinin hesabi biliyiik onem tagimaktadir. Bu analiz yontemi,
bulundugu hacimde ve sartlarda ikaz kuvvetlerinin tespitinin miimkiin olmamasi
durumunda modal parametrelerin hesabinda 6nemli bir yenilik olarak géze carpmaktadir.

Cozliim i¢in kullanilan tekil degerlere ayristirilmis spektral yogunluklar grafigi, hem
harmonikleri hem de dogal frekanslar istenilen frekans araligi iginde detayli bir sekilde
vermektedir. Ayrica tiim modal parametrelerin elde edilebilmesi i¢in sadece 2 ivmedlger
ve 4 kanalli bir analizor yeterli olmustur. Yontemin en biiyiik 6zelligi, analiz i¢in sistemin
devre dis1 birakilmasina gerek duyulmamis olmasidir.

Gelecege yonelik bir calisma olarak jenerator setinin sonlu elemanlar analizinin de
yapilarak deneysel sonuglarla karsilagtirilmasi deneysel ¢iktilarin dogrulanmasi agisindan
faydali bir ¢alisma olacaktir.
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Oz

Kardan milleri motordan aldigi torku ve donme hareketini akslar iizerinden arka
tekerleklere ileten bir aktarma elemanidir. Yiiksek tork tasima gereklilikleri nedeniyle
alt parca tasarumlart bu beklentilere uygun olarak gercgeklestirilmektedir. Tasimasi
beklenen tork kapasiteleri aracin motor torku, aracin kullanim yeri, sanziman tipi gibi
bir¢ok faktore bagl olarak analitik bir yaklasimla belirlenmektedir. Kardan milinin
gercek kullanim kosullarinda karsilamast gereken tork seviyeleri ise ancak test
ortaminda kardan mili iizerinden gerinim verisinin toplanmasiyla ortaya
cikabilmektedir. Ticari olarak ulasilabilen 6l¢iim sistemleri, kardan mili iizerinde
ortaya ¢ikan torku ol¢ebilmemizi saglasa da, bu sistemlerin yiiksek maliyetleri ve saha
kosullarinda ¢alismaya ve enstriimantasyona uygun olmamalart sahada bu iiriinlerin
kullanimint ~ zorlagtirmaktadir.  Belirli test rotalarinda ve belli senaryolarin
kosturulmasinda bu sistemlerin kullamldigi goriilmektedir. Bu ¢alismada, kardan mili
tizerinden tork olciimii  gergeklestirebilecek bir sistemin tasarimi ve iiretimi
gerceklestirilmistir. Boylece kardan miline entegre sekilde sahada kosabilecek ve anlik
olarak olgiim gergeklestirebilecek diisiik maliyetli bir olciim sistemi gelistirilmistir.
Calisma kapsaminda sistemin 6l¢iim dogrulugu belirlemek amaciyla iiriiniin fonksiyonel
limitlerine uygun degerler igin statik torsiyon testleri gergeklestirilmistir. Test cihazi ve
Ol¢iim sistemi tekrarlayan testlerle karsilastirilmistir. Karsilagtirmalar sonucunda
Ol¢iim sisteminden okunan tork degerlerinin test cihazindan wuygulanan degerlerle
maksimum %5 lik bir hata pay: icinde uyumlu oldugu goriilmiistiir.

Anahtar kelimeler: Kardan mili, tork 6l¢giimii, statik torsiyon testi.
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TARAKCI et al.

Design and production of a torque measurement system on a
driveshaft

Abstract

The driveshafts are responsible for transmitting power and rotational movement from
the engine to the rear axles. Driveshaft’s subcomponents are designed to fullfill high
torque transmission requirements. Expected torque tranmission capability is calculated
analitically regarding engine torque, transmission type and type of vehicle. However
actual torque transmission level can only be detected by data acqusition from driveshaft
in test applications. Although COTS measurement systems allow us to measure the
torque generated on the drivehshaft, these systems are expensive and instrumentation of
these system are not suitable to operate in field conditions. These systems are required
for change test routes and for running certain scenarios. In this study, the design and
the production of a system in order measuring torque on driveshaft has been realized.
Thus, a low-cost measurement system that can run on the field which is integrated with
the drivehaft and take measurements instantly has been developed. Static torsion tests
were carried out for values that are in accordance with the functional limits of the
driveshaft for the measurement accuracy. The results of verified test bench and
measuring system were compared with repeated tests. Comparisons show that the
torque values read from the measuring system appears to be compatible with the values
applied by the verified test system within a 5% margin of error.

Keywords: Driveshaft, torque measurement, static torsion test.

1. Giris

Otomotiv endiistrisinde kullanicilarin beklentileri her gegen giin artmaktadir. Cevresel
kaygilarla da birlikte otomobil {ireticileri araglarini hafifletmek icin calismakta ve
tedarikg¢ilerini de bu yonde ¢alismaya yonlendirmektedir. Daha hafif kardan mili tasarim
ve uygulamalarinin glic aktarim organlar1t arasinda yer almasi bu dogrultuda
beklenmektedir. Bu asamada kullanilan {iriinlerin gercek calisma kosullar1 hakkinda
bilgi sahibi olmak, tasarimlarin smir kosullarini belirlemede ve tasarimlara bu
dogrultuda yon vermede 6nem kazanmaktadir.

Kardan millerinde de 6nemli tasarim parametrelerinden olan fonksiyonel tork limitleri
genellikle aracin motor Ozellikleri, aracin kullanim amaci, sanzimani ve aktarma
oranlar1 gibi belli parametreler iizerinden analitik yaklasimlarla belirlenmektedir. Aracin
sahada karsilastigi gercek durumlarda veya ger¢ek durumlarin simule edildigi test
alanlarinda tork verisinin toplanabilmesi ise tasarimlarin dogrulanmasi ve gelistirilmesi
acisindan onemlidir. Ticari olarak bu ¢alismalar1 gerceklestirmekte kullanilabilen 6l¢tim
sistemleri bulunsa da, zorlu c¢evresel kosullarda c¢alismaya uygun olmamalari,
enstriimantasyonlarinin uzmanlik gerektirmesi ve yiiksek maliyetleri bu dezavantajlar
giderecek bir 6l¢iim sistemi lizerinde ¢alisma ihtiyacini dogurmustur.

Kardan mili iizerinden farkli tork Ol¢tim uygulamalari bulunmaktadir. J.D. Turner,

Development of a Rotating Shaft Torque Sensor for Automotive Applications isimli
yayminda kapasitif bir tork 6l¢lim sensorii yardimiyla donen bir saft {izerinden tork
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Olclimiiniin nasil yapilacagina dair gelistirilen bir teknik ve sensoriin ¢alisma prensipleri
ortaya koymustur [1]. Bir diger ¢alismada Richard A. Beth ve arkadaslar1 burulma
altindaki bir saft iizerinden alinan tork Slgiimiine dair bir teknik tizerinde ¢aligmiglardir
[2]. Marukami ve arkadaslar1 kablosuz bir gerinim 6l¢lim sistemi lizerinde ¢alismislardir
ve bunu arag¢ jantlari {izerinde uygulamislardir [3]. Nagayama ve arkadaslar1 ise bir
gerinim Ol¢lim sistemi tizerinde ¢alismis ve gii¢ tasarrufu saglamak i¢in standart gerinim
Olcerler yerine 4.5 kQ’luk gerinim Olgerler kullanilmigtir [4]. Vanieiev ve arkadaslari
temassiz bir tork 6l¢lim sistemini torsiyonel dinamometreler iizerinde uygulamislardir
ve = 100 Nm i¢inde 6l¢tim almislardir [5].

Wang Yi’nin c¢alismasinda bir elektrik motoru ¢ikisina alin yiizeyiyle baglanan bir saft
ve saftin lizerinden tork verisinin basit sekilde nasil alinacagi bahsedilmistir.
Uygulamanin karmasik goziikmemesi ve Ol¢iim sistemi maliyetlerinin diisiik olmasi
avantaj olarak goriinse de sistemin yol kosullarinda kullanilamayacak kadar biiyiik
olmasi ve enstriimantasyonu saha kosullarinda uygulanabilirligi zorlastirmaktadir [6].

Bu calismada, kardan mili tizerinden tork Ol¢iimii gergeklestirebilecek bir sistemin
tasarimi ve Uretimi gerceklestirilmistir. Boylece kardan miline entegre sekilde sahada
kosabilecek ve anlik olarak Olglim gercgeklestirebilecek diisiik maliyetli bir 6l¢iim
sistemi gelistirilmistir.

Calisma kapsaminda sistemin Ol¢lim dogrulugu belirlemek amaciyla {iriiniin
fonksiyonel limitlerine uygun degerler i¢in statik torsiyon testleri gerceklestirilmistir.
Test cihazi ve dl¢lim sisteminden alinan sonugclar tekrarlayan testlerle karsilastiriimistir.
Karsilagtirmalar sonucunda 6l¢iim sisteminden okunan tork degerlerinin test cihazindan
uygulanan degerlerle maksimum %5’lik bir hata payr i¢inde uyumlu oldugu
gOrilmiistir.

2. Tork ol¢iim sistemi

Ticari 0l¢lim sistemleri lireten firmalarin aks ve kardan milleri agisindan gerceklestirdigi
sistemler mevcuttur [7, 8]. Gerinim verisi kardan mili borusu iizerine yerlestirilen
gerinim Olgerler vasitasiyla toplanmistir. Kardan mili lizerinde gerinim 6l¢iimiine uygun
noktalar belirlenmistir. Ayn1 zamanda bu noktalarin tork ile iliskilendirilebilecek
seviyede gerinim degisimine ugramasi gerekmektedir. Sekil 1 ve Sekil 2’de iki farkl
noktada gergeklestirilen uygulamalar goriilmektedir.

i

S

Ara ¢atal

Sekil 1. Ara catal iizeri gerinim dlger uygulamasi.
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LN
o Al 3
Kardan mili L"’i; .
borusu o

Sekil 2. Kardan mili borusu iizeri gerinim 6l¢er uygulamasi.
Gerinim Olgerlerin  (strain gage) baglanacag1 yiizeylerin boya ve kaplamasi
kaldirildiktan sonra, zimparalanarak temizlenmistir. Yiizeyler alkolle yikandiktan sonra

gerinim Olger yapistirilmistir. Olgiimler, numune iizerinden, Sekil 3’te gosterilen
diyagramu takip ederek gerceklestirilmistir [9].

Wheatstone Yiikseltici& . .. | Bluetooth
m—) K5priisii P ADC P Mikrodenctleyicl |umgl mogiili

Sekil 3. Gerinim 6l¢iim diyagrami.

Gerinim
Olcer

Calismada 350 Q tork tipi gerinim Olgerle yarim koprii lizerinden ve 1000 Q genel
kullanim gerinim O&lgerlerle yarim koprii iizerinden veri toplanmistir. Yarim koprii
uygulamas1 Sekil 4’te gosterilmektedir. ik uygulamada ticari bir op-amp iizerinden
sinyal giiclendirilmistir [10]. Op-amp kazan¢ degeri 1000 olarak belirlenmistir. Op-
amp’1n ¢ikisindaki sinyal RC tip bir algak geciren filtreden gecirilmistir. Sonrasinda bir
mikrodenetleyiciye beslenmigtir. Mikrodenetleyici i¢inde analog dijital ¢evrimi
gerceklestirilmistir ve kablosuz bir iletisim modiilii tizerinden veriler okunmustur.

R1

O o o

Vex Vo- Vo+

Rg +AR

R2 Rg - AR

Sekil 4. Wheatstone kopriisii.

Veri toplama c¢alismalarina paralel sekilde alternatif bir tork Olglim sistemi
gelistirilmistir. Wheatstone kopriisii ¢ikisinda sinyal, i¢inde analog dijital ¢cevrimi de
gerceklestiren bir entegreye beslenmistir. Bu sistem i¢in op-amp kazang degeri 128
olarak belirlenmistir [11]. Sonrasinda veriler bir mikrodenetleyici {izerinden kablosuz
iletisim modiiliine gonderilmistir. Sistemin toplam gii¢ ihtiyact 60 mW seviyelerinde
olmustur. Farkli kablosuz iletisim modiillerinin devreye alinmasiyla bu ihtiyag 40 mW
seviyelerine kadar diistiriilmiistiir. Sekil 5’te 6l¢tim devresinin goriintiisii yer almaktadir.

Sekil 5. Tork 6l¢tim devresi karti.
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3. Statik torsiyon testi

Kardan milinin farkli tork yiiklemelerindeki gerinim seviyelerini belirlemek igin
numune kardan milleri test cihazi lizerine konumlandirilir. Test cihazinin goriiniimii
Sekil 6’da verilmistir.

1l e 1

Ll

\
1
aktuator K& A{ —1 Aparat/ Aparatl/ \Rork
O F ] Fikstir Fikstir ] sensorii

Sekil 6. Statik torsiyon test cihazi[12].

Test numunesi, statik torsiyon test cihazina her iki flangindan da civatalar ile baglanir ve
belli bir tork ile sikilir. Baglantinin kontrolleri saglanip giivenli olarak baglandigindan
emin olunduktan sonra koruma kapaklari takilir. Test cihazinda istenilen adim ve artig
hizlarryla 5000 Nm’ye kadar tork yiiklemesi yapilabilmektedir. Istenildigini takdirde
belli bir frekansta istenilen dalga formunda periyodik yiiklemeler de
gerceklestirilmektedir.

Bu calisma kapsaminda, kullanilan kardan milinin dayanim sinirlar1 g6z oniine alinarak,
500 Nm artiglarla 3000Nm’ye kadar kademeli bir tork yiiklemesi ger¢eklestirilmis,
sonrasinda kademeli azaliglarla ters yonde 2500Nm yiikleme yapilmistir. Son olarak
kademeli olarak yiikleme kaldirilmis ve 0 noktasinda test tamamlanmistir. Sonuglarin
giivenilirligi adina test tekrarlar1 gergeklestirilmistir.

4. Veri toplama calismalar
Gerinim Olgerler tork oOl¢iim sistemi altinda bahsedildigi gibi kardan mili iizerine

konumlandirilmistir ve kardan miline tork uygulanarak dl¢iimler alinmistir. ilk olarak
ara catal adl1 parca lizerinden Slgtimler alinmistir. Sonuglar Sekil 7°de gdsterilmistir.

Olgtim 1 Ol
12 ¢ Olgclim 2

H
o o
=

08 - 0
= =
£06 F-0,1 500 1000 1500 2000 2500 3000
S04 3
=02
0,2
0 0,3
0 500 1000 1500 2000 2500 3000 0.4 Tork (Nm)
Tork (Nm)

Sekil 7. Ara catal lizerinden yapilan tork 6l¢iim sonuglari.
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Sonuglar degerlendirildiginde, Ol¢lim sonuglarinin dogrusal bir artis gostermedigi
goriilmiistiir. Ayn1 zamanda goriilen yliksek histerezis nedeniyle tekrar edilebilirlik
acisindan istenen performans elde edilememistir. Ayrica sonlu elemanlar analizlerine
gore yapilan incelemede, gerinim Olcer uygulanan bolgede gerilim degisimlerinin ¢ok
diisik oldugu ve bu nedenle tork ve voltaj arasindaki iliskinin mevcut Ol¢iim
yontemimizle istenilen dogrulukla kurulamayacagi anlagilmistir [12]. Sekil 8’de ara
catal parcasi i¢in sonlu elemanlar analiz sonucu gosterilmektedir.

4.495E+02
E 4.000E+02
3.505E+02
— 3.010E+02

— 2516E+02
= 2021E+02

1.526E+02
1.031E+12
5.366E+01
4.179EHI0

Max = 2.290E+02
Grids 138892
Min = 4.179E+00
Grids 140205

Sekil 8. Ara catal parcasi sonlu elemanlar analiz sonuglari.

Burulma teorisine gore de tork altinda ¢alisan dairesel olmayan parcalarin, dairesel
parcalara gore gerilme dagilimlarinin belirlenmesi ¢ok daha karmasiktir. Bunun nedeni
dairesel olmayan pargalarda meydana gelen ¢arpilmadir [13]. Bu gerekgelerle ara catal
tizerinde gergeklestirilen veri toplama galismalart sonlandirilmistir.

Kardan mili borusu flizerine uygulanan gerinim Olgerle test tekrarlanmistir. Test
sonuclar1 Sekil 9’de goriilmektedir.

Olciim 3 Olgclim 4
25 25
2 2
1,5
15 s
Z 1 o
B 0,5
g0 >
0 0,5 500 10001500 2000 2500 3000
-0,5 0 500 1000 1500 2000 00 3000 A
1 Tork (Nm)

Tork [Nm)

Sekil 9. Kardan mili borusu tlizerinden tork 6lgiim sonuglart.

Elastik bolgede calistigimiz i¢in tork ile gerinimin dogrusal bir iliski gostermesi
beklenmektedir [13]. Uygulamada ise histerezis kaynakli lineer olmayan durumlar
goriilebilmektedir. Olgiim sisteminden elde edilen voltaj degisimlerinin de gerinim
verisi ile dogrusal bir iliskisi olmasi beklenmektedir. Bununla birlikte gage faktorii
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katsayisina bagli olarak dogrusal olmayan sonuglar elde edilebilmektedir. Bunlarin
yaninda gerinim Olgerlerin montaji, op-amp’taki offset degerleri, kablolama, sicaklik
degisimi gibi faktorler dogrusalligr etkilemektedir. Bunun yaninda elektronik giiriiltiiye
de neden olmaktadir. Tiim bu faktorler g6z oOniine alindiginda, kardan mili borusu
tizerinde gerceklestirilen 6l¢lim sonuglarinin dogrusal bir grafik olusturdugu ve tekrar
edilebilirlik acisindan uygun oldugu belirlenmistir. Bu 6l¢limlerin ardindan uygulanan
tork ile voltaj degerleri arasinda bir korelasyon olusturulmustur.  Tekrarlanan
Olciimlerde kademeli olarak tork degeri artirilmis ve 2000 Nm degerine kadar
cikilmistir. Sonrasinda kademeli olarak tork degeri azaltilarak sifirlanmistir. Sekil 10°da
verilen Ol¢iim degerleri incelendiginde giiriiltii seviyelerinin ¢ok yiiksek oldugu
goriilmiistiir. Gergeklestirilen calismalarla bir algak geciren filtre uygulanmig ama
buradan istenen sonuglarin alinamadigi goriilmiistiir.

Korelasyon Sonrasi Olciim Sonuclar

2000

1500

1000

500

Olcllen Tork Degeri

180 220 240 260 280 300 320 340 360 380 400
-500

Ornekleme Sayisi
Sekil 10. Korelasyon sonrasi 6l¢iim sonuglari.

Test sonuglarinda goriildiigli gibi yiiksek oranda elektronik giiriiltii olusu siirmektedir.
Bu giiriiltii hedeflenen o6lglim dogrulugunun yakalanmasin1 engellemektedir. Bu
sonuglar dogrultusunda Sl¢tiim sisteminde degisikliklere gidilmistir. Kullanilan op-amp
entegresi degistirilerek 10 bit {istli analog dijital cevirici igeren bir op-amp Ol¢liim
sistemine dahil edilmistir [11]. Ayrica kullanima alinan entegre ile uyumlu 1000 Q
genel kullanim gerinim Slgerleri eksenle 45°°lik ag1 yapacak sekilde konumlandirilarak
kullanilmistir. Sekil 11°da test uygulamasi goriilmektedir.

Denetleyici& BT
modiilii

Strain gage

==

Sekil 11. Revize tork 6l¢lim devresi ile test uygulamasi.

Olgiim entegresi ve veri iletim devresi iki ayr1 devre olarak iiretilmistir ve sekil 12°de
gosterilmektedir.
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Sekil 12. Yiikseltici& Analog dijital cevirici entegre devresi (solda) ve veri iletim
devresi (sagda).

Bu degisikliklerin ardindan tork verisi toplama testleri yeniden gerceklestirilmistir. Test
sonuclar1 Sekil 13°de goriilmektedir.

Revize Tork Olg¢iim Sonuclarn
3000

2500

2000

1500

1000

500

egeri

000-2500-2000-1500-10 0 500 1000 1500 2000 2500 3000 3500

-1000
-1500
-2000

-2500
Uygulanan Tork Degeri

Okutan Tork D

Sekil 13: Tork dogrulama test sonuglari

5. Sonuclar ve tartisma

Veri toplama ve kalibrasyon testleri sonucunda sistemin dogrulama testi
gergeklestirilmistir. 0-3000 Nm arasinda 250 Nm’lik artiglarla test baslamis, sonrasinda
250 Nm azalislarla 0 Nm’ye doniilmiistlir. Sonrasinda ters yonde tork uygulanmistir.
500 Nm artiglarla 2500 Nm’ye kadar gidilmis, tekrar 500 Nm kademeli azaliglarla test
tamamlanmistir. Testlerde okunan degerlerle uygulanan degerler Sekil 14’de
goriilmektedir.

Tork Dogrulama Testi
3000
2500
2000
1500
1000
500

-500 O 100 200 300 4 5 600
-1000
-1500
-2000
-2500

Tork (Nm)

Ornekleme Sayisi
= Olcunan Tork Degeri | Jygulanan Tork Degeri

Sekil 14. Tork dogrulama testi.

241



BAUN Fen Bil. Enst. Dergisi, 23(1), 234-242, (2021)

Test sonucglar1 degerlendirildiginde, ¢calismanin basinda hedeflenen dl¢lim sonuclari ile
statik torsiyon cihazindan uygulanan degerler arasindaki %5 lik sapmanin saglandig
goriilmiistiir. Sistemin tekrar edilebilirligi testlerle dogrulanmistir. Giiriilti seviyeleri
azaltilarak sistem hassasiyeti arttirilmistir.

Firma i¢inde miihendisligi ve imalati gerceklestirilen bu kartlar, Sekil 12°da goriilecegi
gibi, tek bir prototip pcb ilizerinde toplanmis ve kompakt hale getirilmistir. Pahal1 ticari
test cihazlariyla yukarida yapilan karsilagtirmalarin 1s1ginda sapmalarin %5’in altinda
kalmastyla, test merkezinde gergeklesecek bir grup testte bu sistemin kullanilabilecegi
anlagilmistir. Bunun yaninda firmalarin diisiik maliyetlerle kendi 6l¢iim ihtiyaglarina
doniik Ol¢lim sistemi gelistirmelerinin miimkiin oldugu ve direk ihtiyaca doniik
cOziimlerin gelistirilebilecegi ortaya konmustur.

Bundan sonra gerceklestirilecek ¢aligmalarda yiiksek hizlardaki periyodik yiliklemelerde
Olciim sisteminin dogrulamasi gergeklestirilecek ve dinamik durumlardaki performansi
simule edilecektir.

Tesekkiir

Kardan Ar-Ge Merkezi’ne ve Test Merkezi’ne bu ¢aligmanin gergeklestirilmesindeki
katkilarindan dolay1 sonsuz tesekkiirlerimizi sunariz.
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Abstract:

Removal of the highest amount of albumin and IgG in the blood plasma for the
determination of disease-specific proteins is of great importance in the field of
diagnosis and treatment. In this study it is aimed to prepare the biosorbent to be used
as a support material in affinity chromatography. Gelatin biosorbents were prepared by
water in oil emulsion method and stabilized with glutaraldehyde as a biofunctional
crosslinker to obtain spherical biosorbents. Prepared gelatin biosorbents were
characterized by optical micrograph and SEM (scanning electron microcope). It was
determined that the size/size distribution of the cellulose biosorbents prepared under
optimal conditions was on average 3-10 um. The results revealed that 835,7% of albumin
and 79% of IgG in the aqua medium was successfully removed with gelatin biosorbents.
It is thought that gelatin biosorbents will be very effective in removing albumin and IgG
from high concentrations of proteins in the early diagnosis of low concentration
proteins.

Keywords: Gelatin, biosorbent, albumin, IgG, bioaffinity chromatography, proteomic.

Jelatin esasl biyosorbentler ile albumin ve IgG uzaklastirma
uygulamalari

Oz

Hastaliga 6zgii proteinlerin belirlenmesinde kan plazmasindaki en yiiksek derisimdeki
albiimin ve IgG’nin uzaklastirilmasi, tami ve tedavi bakimindan biiyiik onem
tasimaktadr. Bu c¢alismada afinite kromatografisinde destek malzemesi olarak
kullanilacak biyosorbentin hazirlanmas: amaglanmistir. Kiiresel biyosorbentler elde
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etmek igin, jelatin biyosorbentler, su iginde yag emiilsiyon yontemi ile hazirlanmis ve
biyofonksiyonel c¢apraz baglayict olarak glutaraldehit ile stabilize edilmistir.
Hazirlanan jelatin biyosorbentler, optik mikrograf ve SEM (taramali elektron
mikroskobu) ile karakterizasyon c¢alismalart yapilmistir. Optimal kosullar altinda
hazirlanan seliiloz biyosorbentlerin boy/boy dagilimmmin ortalama 3-10 um oldugu
tespit edilmistir. Sonuglar, su ortamindaki albiiminin % 85,7'si ve 1gG'nin% 79'unun
jelatin  biyosorbentlerle basariyla uzaklastirildigini  ortaya koymugstur.  Diigiik
konsantrasyonlu  proteinlerin  erken  teshisinde  yiiksek  konsantrasyonlardaki
proteinlerden albiimin ve IgG'nin uzaklastiriimasinda jelatin biyosorbentlerin ¢ok etkili
olacag diigiiniilmektedir.

Anahtar kelimeler: Jelatin, biyosorbent, albiimin, 1gG, biyoafinite kromatografisi,
proteomik.

1. Introduction

The blood plasma is one of the basic material for the diagnosis of diseases. It contains
high concentrations of protein (60-80 mg/mL protein). A very sensitive study and good
observation should be performed to obtain small amount of proteins in the sample that
could be a good marker. Identification of these proteins allow elucidation of
mechanisms underlying the disease and normal biological processes with the
development and evaluation of the data collected. The removal of high concentration
proteins before proteomic analysis obtain advantages to identify marker proteins [1-4].
Proteomics studies require technologies for separation of proteins, quantification and
identification of these proteins. Due to the complex nature of the proteome, very strong
analytical techniques are needed. There are a wide variety of protein separation
methods. Generally used techniques are one and two dimensional electrophoresis, mass
spectrometry, capillary electrophoresis, chromatography (reverse phase, ion exchange,
affinity etc.) and ultrafiltration techniques [5]. The addition of the affinity
chromatography step before electrophoresis or mass spectrometry can be effective in
reducing the complexity of proteome analysis [6,7].

Affinity chromatography is a method that used for the identification, purification and
separation of macromolecules. It is based on specific and reversible binding ability of
molecules in solution to complementary molecules, the ligands, usually immobilized on
a solid chromatographic media like the support materials [8].

Gelatin is a biodegradable biopolymer, widely used in biomedical and biotechnological
applications and can be prepared with desired properties to produce microparticles.
However, due to the aqueous solubility and limited mechanical and thermal properties
of gelatin microparticles, improvements, such as crosslinking reactions, are necessary in
order to provide the use in long term applications [9-11].

In this study spherical gelatin biosorbents were prepared by the emulsion
polymerization method and glutaraldehyde (GA) was used as crosslinker to improve
mechanical and thermal properties of gelatin. The prepared biosorbents were then
studied for IgG and albumin removal efficiency in aqueous solution in a batch system.
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2. Materials and method

2.1 Chemicals

Gelatin (sigma), Olive oil(Komili), Bovine serum albumin (BSA) (Sigma),
Immunoglobulin G (IgG) (Sigma), Acetone (Merck),Tween 20(Merck), All the other
reagents used were of analytical grade and all solutions were prepared with distilled
water.

2.2 Instruments

Scanning Electron Microscopy (SEM JEOL JSM-7600F FEG), UV Vis
Spectrophotometer (Thermo Scientific Genesys 10S), Magnetic stirrer (IKA-WERKE
RT 10), Refrigerated Centrifuge(MPW-65R).

2.3 Preparation of gelatin biosorbents

In the study stable gelatin biosorbents were obtained by water in oil emulsion method
using the glutaraldehyde as crosslinker. Optimal conditions on the morphology, and
size distribution of microspheres were studied in our previous study [12]. Briefly
gelatin (0,1 g/ml) was dissolved in distilled water in a 37 °C water bath. After the water
bath temperature was set at 50-60 °C, the reactor vessel containing 12.5 ml olive oil
(komili) was placed in the water bath. To ensure emulsification, tween 20 (4%)(v/v)
was added on olive oil and mixed with a magnetic stirrer. The gelatin solution was
added to the olive oil + tween 20 medium and started to be mixed at 750 rpm.
Homogenization was provided for 5 minutes. After 10 minutes emulsification time, the
reaction vessel was placed in a reaction medium of 4 °C, acetone and 25% GA were
added to the medium at the same time. After the 30 min crosslinking time was
completed, biosorbents were removed by centrifugation. Excess GA and oil were
removed by washing several times with cold acetone. Optimum conditions were
determined by this way.

2.4 Characterization of prepared gelatin biosorbents

Biosorbent preaparation with appropriate size and size distribution has a very important
place in biosorbent applications. Therefore, in the optimization studies, some biosorbent
was suspended in distilled water and dropped on the slide in order to determine the
appropriate size and size distribution and stable form biosorbents. In order for the
biosorbents to form a single layer, they were covered with coverslip and spread. Each of
the synthesized biopolymeric biosorbents was imaged with the aid of an optical
microscope (Leica microsystems, DFC 295) and photographed.

The size, shape and surface morphology of gelatin biosorbents were examined by
scanning electron microscopy (SEM). For this purpose, gelatin biosorbents were
attached to the SEM sample plate with a conductive adhesive. Then, the sample surfaces
were coated with 200 A thick metallic gold under vacuum to make the surface
conductive. The prepared samples were placed in the SEM sample slot and
photographed at various magnification rates (SEM JEOL JSM-7600 F FEG).

2.5 Albumin and IgG removal studies from aqueous solution

Prepared and characterized gelatin biosorbents were treated with buffer solution (pH:
7.4 Borate buffer) containing albumin and IgG, (pH: 7.4 Borate buffer) in the batch
system respectively, and max adsorption amounts were determined.
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For this purpose, albumin solution was prepared by dissolving 50 mg BSA in pH 7.4
Borate buffer and IgG solution was prepared by dissolving 17 mg IgG in pH 7.4 borate
buffer separately. 2 ml of prepared albumin and IgG solutions were mixed with 50 mg
gelatin biosorbents at room temperature at 150 rpm. At the end of 5 minutes, the
magnetic stirrer was turned off and 5 minutes of resting was done. Then 50 pl of the
sample was taken and protein was determined by Lowry method. The same processes
were repeated at the end of 10, 30, 60, 120 minutes, and after determining the amount of
albumin that was not adsorbed in the solution, the amount of adsorbed albumin and IgG
were calculated by equation.

(C,—0O)y

¢= m

where Q is adsorbed amount of albumin and IgG (mg/g); Co and C are the albumin and
IgG concentrations in the initial (before mixing with biosorbent) and final solutions
(after treating with biosorbent), respectively (mg/mL); V is the total aqueous volume of
adsorption medium (ml); and m is the mass of the sample used for experiment (g).
Adsorbed albumin and IgG values were calculated by taking the average of the three
results.

3. Result and discussion

3.1 Preparation and characterization of gelatin biosorbents

Gelatin biosorbents were prepared in spherical microparticle form. Several methods can
be used to prepare gelatin microparticles. The emulsification polymerization method
was used to prepare gelatin biosorbents in microsphere form. The method requires only
simple tools and can be easily applied in moderate conditions compared to other
methods. Such advantages allow this method to be used frequently in the preparation of
gelatin microspheres in pharmaceuticals and various medical applications.

Figure 1. SEM images of the gelatin biosorbents.
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Gelatin biosorbent are difficult to prepare due to various factors. It usually has large
particle size and size distribution. Also, surface morphology is generally poor. In this
study to minimize these features, biosorbents were first prepared in hot environment and
then stabilized in cold environment. The effecting factors, such as gelatin concentration,
emulsifier amount, emulsufication time, stirring rate on the morphology, and size
distribution of microspheres were determined in our previous study. Gelatin biosorbents
prepared at optimum conditions by using 0.1 mg/mL gelatin concentration, 4%
emulsifier amount, 10 min emulsufication time, 750 rpm stirring rate. Figure 1 shows
SEM photomicrographs of gelatin biosorbents. It was seem from the Figure 1,
biosorbents are spherical, nonporous and with a smooth surface. Biosorbents obtained
from natural polymers are not perfectly spherical because of the variations in molecular
weight and other properties of the polymer [13]. Biosorbents having a microspherical
form enhance the surface area. Affinity supports with high surface area to volume ratio,
functional groups that can be easily modified for covalent bonding of ligands, minimum
nonspecific binding properties, good flow properties and mechanical and chemical
stability provides advantage in affinity purification methods due to its properties [8].
This is thought to offer high binding ability.

3.2 Albumin and IgG removal studies

There are many studies to remove albumin ve IgG serum proteins with high
concentrations in order to improve the detection of low-abundance proteins. In the
study, the biopolymeric biosorbents are prepared in the form of microspheres, making it
possible to selectively separate the target molecule. Since the microsphere form
provides a large surface area to the affinity support material, it increased the interaction
between biosorbent and target proteins. It is reported that the support materials with
particulate structure also provide better flow property with minimum diffusion
limitation in column applications [14-16]. It is known that the use of particulate
biosorbents provides the advantage of directly isolating the target molecules from the
mixture, as well as significantly reducing processing time. In addition, the large surface
area allowed less material to be used to separate the target molecule.

In our study, biosorbents were used in adsorption processes without any activation and
ligand binding processes. It has provided an important advantage both in terms of
economy and time.

The amount of albumin and IgG removed obtained from the graph plotted between mg
albumin/g polymer and reaction time.
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Figure 2. Albumin removal efficiency of gelatin biosorbents.
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Figure 2 gives the removal efficiency data for the gelatin biosorbents. As shown in
Figure 2 gelatin biosorbents started to immobilize albumin at the end of 5 min and the
amount of albiimin immobilized per g gelatin biosorbent at the end of 120 min was 877
mg albumin/g polymer. It has been found that 85.7% of the albumin was successfully
removed with gelatin biosorbents.

In this study, it was determined that gelatin has capable albumin removal rate of 85.7%
(877 mg albumin/g polymer) with biosorbents prepared under optimum conditions. This
specific interaction was thought to result from the conformational and surface charge
distribution state at albumin pH: 7.4, the interactions between regions with negative
charge density on the gelatin biosorbent surface. As known, hydrophobic, electrostatic
interactions and hydrogen bonds are the main forces responsible for specific adsorption
in biological molecule adsorption [17]. When the results in our study are compared with
the results in the literature, it is seen that a very good adsorption capacity has been
reached. Unlike other studies, activation studies and ligand immobilization were not
performed in our study. Thus, the target molecule could be separated from the liquid
medium in which it is located in a single operation. This provides an important
advantage in terms of economy and time.

300

mg [gG/g polymer
L

] 20 40 60 80 100 120 140

Time(min)
Figure 3. IgG removal efficiency of gelatin biosorbents.

As shown in the Figure 3, gelatin biosorbents started to immobilize IgG at the end of the
first 5 min and immobilized 238.8 mg IgG per g gelatin biosorbent at the end of 120
min. Gelatin biosorbents prepared at optimum conditions were found to have an IgG
removal capacity of 79% in aqueous solution. Gelatin biosorbents have been found to
be not as efficient in IgG removal as albumin removal. The reason for this is thought to
be the negative charge density on the gelatin biosorbent surface interaction with
negative charge density of IgG on the Fc region.

There are many techniques in the literature to remove the wide dynamic range of
proteins from plasma. However, IgG is often purified by affinity chromatography due to
its high selectivity. The removal of IgG is commonly succeed by Protein A,G affinity
adsorbents. However, these types of ligands are difficult to immobilize in the right
direction required and also sensitive to degradation [18]. Polymeric particles are
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attractive as an inexpensive and robust alternative to affinity reagents of biological
origin, including antibodies [19].

Tamahkar et al. have found the maximum adsorption capacity of albumin as 600 mg/g
with Cibacron Blue F3GA attached bacterial nanofibers [20]. Tiirkmen et al. have
obtained the IgG adsorption as 800 mg/g with p(HEMA-MAPA) nanospheres [21].
Biiyiiktiryaki et al. have found albumin adsorption as 1100 mg/g and 825 mg/g IgG
adsorption with twin affinity magnetic nanotraps [22]. The differences in IgG and
albumin adsorption are thought to be due to the properties of each adsorbent such as
structure, functional groups, ligand loading and surface area. In this study, unlike other
studies, no activation or ligand immobilization was performed. So the target molecule
can be easily separated from the batch systems quickly and efficiently with a single
process.

High abundant proteins such as albumin and IgG are known to limit the total amount of
protein that can be solved with 2-D IEF and inhibit the ability to visualize and detect
low abundant proteins [23]. Therefore integrated removal of albumin and IgG from
plasma enable an increase in the total protein sample load, resulting in enhanced
detection of low abundant proteins.

4. Conclusion

The abundance of various proteins in the plasma are in a wide range of concentrations.
This presents difficulties in elucidating potential biochemical markers for the detection
and monitoring of various diseases. Detection of physiologically important but low-
abundant proteins requires both analytically sensitive techniques such as 1D and 2D
electrophoresis MS and techniques for enrichment of proteins of interest. We presented
here a simple method for the efficient removal of albumin and IgG the most abundant
proteins in plasma. By removing albumin and IgG allow the possibility of detecting and
identifying low abundant proteins during analysis besides enables detection of an
increased number of proteins.

As a result of removal studies, successful removal of albumin (85.7 %) and IgG (79%)
with microspherical gelatin biosorbents is thought to be a great advantage for the
identification of proteins at low concentrations in human plasma. The human organism
has a total protein concentration of approximately 46 kg/m3. Among these proteins,
albumin, immunoglobulins and IgG percentages are found in human plasma at 70%,
27.2% and 21.7%, respectively. A similar approach can be applied to identify complex
molecules that are difficult to purify or lack separation methods by current proteomic
technologies.
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Abstract
In this study, Bruck-Reilly extension of a ternary monoid is defined. Additionally, some
results about this construction are given which belongs to one of the classes of ternary

semigroups, regular, inverse, orthodox and strongly regular.

Keywords: Bruck-Reilly extension, ternary semigroup, regular.

Bir ti¢lii monoidin Bruck-Reilly genislemesi

Oz

Bu ¢alismada bir ii¢lii monoidin Bruck-Reilly genislemesi tamimlanmistir. Ayrica;
regiiler, tersinir, orthodox ve strongly regiiler ii¢lii yarigrup siniflarindan birine ait olan
bu yapu ile ilgili bazi sonuglar verilmistir.

Anahtar kelimeler: Bruck-Reilly genislemesi, ti¢lii yarigrup, regiiler.

1. Introduction

The Bruck-Reilly extension is a fundamental construction in semigroup theory. This
extension is a generalization of constructions, which are obtained by Bruck [1], Reilly [2]
and Munn [3]. Many research papers have been published about Bruck-Reilly extension
and its generalization see for example [4-15].

Ternary algebraic operations were introduced by A. Cayley [16] in the nineteenth
century.Ternary algebraic structures are used in many sciences for various purposes. The
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concept of ternary algebraic system was firstly considered by Lehmer [17] in 1932. He
described some ternary operations defined on groups. S. Banach (cf. Los [18])
investigated the notion of ternary semigroups. Ternary semigroups were considered by
many authors, for instance, ideal theory is considered by Sioson [19], who introduced the
notion of regular ternary semigroups. Santiago [20] studied regular ternary semigroups,
Sheeja and Bala [21] studied orthodox ternary semigroups and the regularity on ternary
semigroup was defined and considered in [22]. Green's relations are defined on ternary
semigroups in [23].

In this study, we consider Bruck-Reilly extension of a ternary monoid that belongs to the
classes of ternary semigroups such as regular, inverse, orthodox and strongly regular. It
is interesting to note that many known results of the theory of semigroup can also be
obtained for ternary semigroups. All informations about semigroup theory can be found
in [24, 25].

Now we remind some definitions related to ternary semigroups.
Definition 1.1: A nonempty set T together with a ternary multiplication

[]: (a,b,c) » [abc] defined on T is called a ternary semigroup if [] satisfying the
associative law of the first kind

[[abc] uv] = [a[bcu]v] = [ab[cuv]]

forany a,b,c,u,veT.

Definition 1.2: Let T be a ternary semigroup. An element 14 of T is called,
e a left identity if 1;17x = xforallx € T;

e aright identity ifx1;1; = xforallx € T;

e a lateral identity if 1;x1y = xforallx € T;

e a two-sided identity if 171rx = x171; = xforallx € T;

e an identity if 171;x = 17x1y = x171y =xforallx € T.

Definition 1.3: A pair (a,b) of elements in a ternary semigroup T is said to be an
idempotent pair if ab(abx) = abx and (xab)ab = xab for all x € T.

Definition 1.4: Two idempotent pairs (a,b) and (c,d) of a ternary semigroup S are said
to be equivalent, in notation we write (a,b) ~ (c, d), if abx = cdx and xab = xcd for all
x€eT.

Definition 1.5: Let T be a ternary semigroup. T is called

e regular if for each a € T there exist elements x,y € T such that axaya =

a.
e ternary inverse if each elementx € T has a unique inverse element
denoted x~1; that is xx 'x = x and x 'xx~! = x7L.

e orthodox if it is a regular ternary semigroup in which for any two
idempotent pairs (a, b) and (c, d) the pair ([abc], d) is also an idempotent
pair.
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e strongly regular if any two idempotent pairs commute. (a,b) and (c,d)
commute if [abcdt] = [cdabt] and [tabcd] = [tcdab] forall t € T.)
2. Bruck-Reilly Extension of ternary monoids

Definiton 2.1: Let T be a monoid and 8: T — T an endomorphism. The set N® x T x NO,
where N° signs the non-negative integers set, together with the binary multiplication

(mr a, n) (p! b, Q) = (m —n+t (aet_n) (bet—p)’ q—p + t)a

where t = max (n, p) and 0° is the identity map on T. This construction is a monoid and
it is denoted by BR(T, 8). We call it the Bruck—Reilly extension of T determined by 6.

Definition 2.2: Let T be a ternary monoid with a ternary endomorphism 6 defined on T.
On the set N°x T x N° (N? is non-negative integers set) we define a ternary operation by

(m,a,n)(p,b,q)(r,c,s) = (m—n—q+p+v,@U" ") (bo" P)gV-atP~UcQV T, s —r + V),
where u = max{n, p},v = max{q — p + u,r} and 8° is the identity map on T, forms a
ternary monoid. Then this construction is called the Bruck-Reilly extension of T
determined by 6 and we denote it by BR(T, 0) ([1, 10, 17]).

Through this paper T will denote a ternary monoid and 6 will denote an identity
homomorphism. In order to provide ease of operation we select & homomorphism as an
identity.

Theorem 2.1 BR(T, 0) is regular if and only if T is regular.

Proof. Let BR(T, 0) be regular. Then for any (m, a,n) € BR(T, 8) there exist elements
(n,b,m), (n,c,m) € BR(T, 0) such that

((m,a,n)(n,b,m)(m, a,n)) (n,c,m)(m,a,n) = (m, a,n).
By considering this equation we get
((m, a,n)(n,b, m)(m, a, n))(n, ¢,m)(m,a,n) =((m—n—m+n+m,aba,n—m+ m)(n,c, m))(m,a,n)
= ((m, aba, n)(n, c,m))(m, a,n)
=(m—n—m+n+m,(aba)ca,n —m + m)
= (m, (aba)ca,n) = (m, a, n)
Since (aba)ca = a we get T is regular.
Conversely, let T be regular. Then we know that for any a € T there exist b,c € T such
that abaca = a. Now we need to show that for any (m,a,n) € BR(T, 0) there exist
(x,b,y), (z ¢, t) € BR(T, 0) such that
((m,a,n)(x,b,y)(m,a,n)) (z,¢ t)(m,a,n) = (m,a,n).

Here we take x =z = nandy = t = m, then we have

254



OGUZ UNAL S.

((m,a,n)(n,b,m)(m, a,n))(n,c,m)(m, a,n) = (m, a, n).
Hence BR(T, 0) is regular.

Theorem 2.2 BR(T; 0) is ternary inverse monoid if and only if T is ternary inverse
monoid.

Proof. Let BR(T; 0) be ternary inverse monoid. Then for any (m, a,n) € BR(T, 0) there
exists a unique inverse element (n, b, m) € BR(T, 8) such that

(m,a,n)(n,b,m)(m,a,n) = (m, a,n) and (n,b,m)(m, a,n)(n, b, m) = (n, b, m).

Then we get for any a € T there exists b € T such that aba = a and bab = b. Hence T
is ternary inverse monoid.

Conversely, let T be a ternary inverse monoid. Then for any a € T there exists a unique
inverse b € T such that aba = a and bab = b. Now we need to show that for any
(m, a,n) € BR(T, 0) there exist(x,b,y) € BR(T, 0) such that

(m,a,n)(x,b,y)(m,a,n) = (m,a,n) and (x,b,y)(m,a,n)(x,b,y) = (x,b,y).
Here we take x = nandy = m, then we get BR(T; 0) is ternary inverse monoid.
Theorem 2.3 If BR(T; 0) is orthodox then T is orthodox.

Proof. Let 0 be an identity homomorphism and BR(T, 8) be orthodox. Then BR(T, 8) is
regular and for any two idempotent pairs ((m, a,n), (p,b, q)), ((r,c,8),(t,d, k) of
BR(T, 0) the pair ([(m,a,n)(p,b,q)(r,c,s)],(t,d,K)) is also an idempotent pair in
BR(T, 0). By Theorem 2.1 T is regular. Now we need to show that for any ((a, b), (c, d))
idempotent pairs of elements of T the pair ([abc], d) is also an idempotent pair in T.

For any idempotent pairs ((m, a,n), (p,b, q)), ((r,c,8), (t,d, k)) of elements in BR(T, 6)
we have the following

((m,a,n)(p,b,q)(%y,2))
(% y,2)(m,a,n)(p,b,q))

(m, a,n)(p,b,q) ((m,a,n)(p,b,q)(%y,2))
(% y,2)(m,a,n)(p,b,q)) (m,a,n)(p,b,q)

and

(r,c,s)(t,d, k) ((r,c,s)(t,d, K)(x,¥,2)) = (1,¢,5)(t,d k)(xy,2)
((x,y,2)(r,¢,s)(t,d, k) (r,c,s)(t,d k) (x,v,2)(r,c,s)(t,d, k)

for any (x,y,z) € BR(T, 0). From idempotent pair definition we have m = n, q = p,
k =t,r =s, (ablaby] = aby), ([yab]ab) = yab, (cd[cdy]) = cdy, ([ycd]cd) = ycd.
On the other hand we know that ([(m, a, n)(p,b,q)(r,c,s)], (t,d,Kk)) is also an
idempotent pair. Then we have the following equalities:

[(m,a,1)(p, b, q)(x, ¢, s)](t, d, K) ([(m, a,n)(p, b, ) (r, ¢, s) D (L, d, K) (%, y,2)) =
[(m,a,1n)(p, b, )(x, ¢, 9)](t, d, K) (%, y,2)
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[y, 2)[(m,a,n)(p, b, q) (1, ¢, 9)](t, d, K)] = (xy,2)[(m,a,n)(p,b,q)(r,¢,5)](t d, k).

From these equalities we get [abc]d([abc]dy) = [abc]dy and (y[abc]d)[abc]d =
y[abc]d. Hence ([abc], d) is an idempotent pair. Therefore T is orthodox.

Theorem 2.4 If BR(T, 0) is strongly regular then T is strongly regular.

Proof. Let 0 be an identity homomorphism and BR(T, 8) be strongly regular. Then two
idempotent pairs ((m, a, n), (p,b,q)) and ((r, c,s), (t,d,k)) of BR(T,0) commute i.e.

[(m,a,n)(p,b,q)(r,¢,5)(t, d, ) (xy,2)] = [(r,¢s)(tdk)(m an)(p,b q)(xy 2)]

and

[(xy,z)(m,a,n)(p,b,q)(r,¢s)(td K] = [(xy,2)(cs)(tdk)(m,an)(p,b,q)]
for all (x,y,z) € BR(T,0).

Now we write the equivalents of [(m,a,n)(p,b,q)(r,cs)(tdk)(xy, 2)],

[(r,c,s)(t,d, K)(m,a,n)(p,b, ) (x,y,2)], [(Xy,2)(m,a,n)(p,b,q)(r,c,s)(td k)] and
[(x,y,2)(r, c,s)(t,d, k)(m,a,n)(p,b,q)] respectively, we obtain

[(m,a,n)(p,b, ) (r,¢,s)(t,d, k) (x,y,2)]

= (m—n—q+p+ max{q — p + max{n, p},r},abc,s —r + max{q —p +
max{n, p},r}) (t,d, k) (x,y,z)
=(m-n—q+p-—s+r+max{k—t+ max{s —r+ max{q—p+
max{n, p},r}, t}, [abc]dy, z — x + max{k — t + max{s —r + max{q —p +
max{n, p},r}, t})

[(r,c,s)(t,d, k)(m, a,n)(p, b, q)(x,y,2)]

=(r—s—k+t+ max{k — t + max{s, t},m},cda,n — m + max{k — t +
max{s, t},m})(p, b, q) (x,y,2)

=(r—-s—k+t—m+m+

max{q — p + max{n — m + max{k — t + max{s, t}, m}, p}}, [cda]by,

z —x + max {q — p + max {n —m + max{k — t + max{s, t}, m},p}})

[(x,y,2)(m, a,n)(p, b, q) (7, c,s)(t, d, k)]

= (x —z —n+m+ max{n — m + max{z,m},p}, yab,q —p + max{n —m +
max{z, m},p})(r,c,s)(t, d, k)
=(x—z—n+m—q+p+max{s —r +max{q — p + max{n —m +
max{z, m},p},r}}, [yablcd, k —t + max{s — r + max{q — p + max{n —m +
max{z, m},p},r}})

[Cx,y,2)(r,¢,s)(t, d, k)(m, a,n)(p, b, q)] =

=((x—z—s+r+max{s —r+max{z,r},t},ycd, k —t + max{s —r +
max{z,r},t})(m,a,n)(p,b,q)
=(x—z—s+r—k+t+ max{n —m+ max{k —t + max{s —r +
max{z,r},t},m}}, [ycd]ab,q — p + max {n — m + max{k — t + max{s —r +
max{z,r}, t}, m}}).
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Since [abc]dy = [cda]by and [yab]cd = [ycd]ab for all y € T then T is strongly
regular.
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Oz

Bu ¢alisma ile ortaokul matematik ogretmenlerinin 2012 yilindan itibaren ogretim
programinda se¢meli olarak bulunan matematik uygulamalari dersine (5.,6.,7. ve 8.sinif
diizeylerinde) dair fikirlerinin belirlenmesi, karsilastiklart problemlerin ortaya
ctkartlmast ve ¢oziim onerilerinin alinmast amaclanmistiv. Calisma, nitel ve nicel
yontemlerin birlikte yer aldigi karma sekilde desenlenmistir. Arastirma, 2016-2017
bahar yariyilinda Balikesir Altieyliil ve Karesi ilgelerindeki yedi farkli ortaokulda gorev
vapan 77 matematik ogretmeni ile gergeklestirilmistir. Arastirmanmin baslangicinda
ogretmenlere “Matematik Uygulamalari Dersine Dair Ogretmen Gériigleri” anketi
uygulanmistir. Veriler toplandiktan sonra SPSS (Statistical Package for the Social
Sciences) kullanilarak analizi yapilmistir. Arastrmanmin sonraki agamasinda, dersin
islenisindeki aksakliklart ve bunlara ogretmenlerin sundugu ¢oziimleri belirlemek
gayesiyle matematik o6gretmenleriyle yari yapilandiriimig goriismeler, 77 ogretmenin
icinden geligigiizel segilen yedi 6gretmen ile yapilmistir. Bes sorudan olusan goriisme
formu arastirmacilar tarafindan hazirlanmig olup gegerligi ve giivenirligi uzman goriigii
ile saglanmigtir. Goriismeler sonucu ele gegen bilgiler, icerik analizi yontemi
kullamilarak  ¢oziimlenmistir.  Arastirmamin  sonunda  O6gretmenler — matematik
uygulamalart dersinin faydali ve gerekli oldugunu belirtilmiglerdir. Baskaca dersin
islenisinde karsilasilan sorunlar ortaya ¢ikarimig, bunlara ¢are olabilecek tavsiyeler
verilmistir.

Anahtar kelimeler: Matematik uygulamalar: dersi, 6gretmen goriisleri, segmeli dersler,
ortaokul matematik ogretim programa.

Ibrahim Murat ODEN, imuratoden@hotmail.com, https:/orcid.org/0000-0002-5789-1065
"Nazli YILDIZ iKiKARDES, nyildiz@balikesir.edu.tr, https:/orcid.org/0000-0001-8756-8085

259


https://orcid.org/0000-0002-5789-1065
https://orcid.org/0000-0001-8756-8085

ODEN i.M., iIKIKARDES N.Y.

Opinions of mathematics teachers about mathematics
applications course

Abstract

With this study, it was aimed to determine the ideas of secondary school mathematics
teachers about the Mathematics Applications course (at 5th, 6th, 7th and Sth grade
levels), which has been included in the curriculum since 2012, to reveal the problems
they encounter, and to get solution suggestions. The study was designed in a mixed way,
where qualitative and quantitative methods coexisted. The research was conducted with
77 mathematics teachers working in seven different secondary schools in Balikesir
Altieyliil and Karesi districts in the spring semester of 2016-2017. At the beginning of
the study, a questionnaire of “Teacher Opinions About Mathematics Applications
Course” was applied to the teachers. After the data were collected, analysis was done
using SPSS (Statistical Package for the Social Sciences). In the next stage of the
research, done semi-structured interviews with mathematics teachers with seven
randomly selected in 77 teachers in order to determine the disruptions in the lesson and
the solutions offered by the teachers. The interview form consisting of five questions
was prepared by the researchers and its validity and reliability were ensured by expert
opinion. The information obtained as a result of the interviews was analyzed using the
content analysis method. At the end of the research, teachers stated that the
mathematics applications course was useful and necessary. Also, the problems
encountered in the course were revealed, and recommendations were given to remedy
them.

Keywords: Mathematics applications course, teachers’ opinions, elective course,
secondary mathematics curriculum.

1. Giris

Diinyamiz siirekli bir gelisim igerisindedir ve gelisim siirecinin temel unsurlari olan
bilim, birey, toplum ve teknoloji i¢in matematik olmazsa olmaz bir unsurdur.
Matematik, bireyin iletisim kurabilme, genellestirme yapabilme, yaratict ve bagimsiz
diistinebilme davraniglarin1 gelistirir. Bundan dolay1 yasam i¢in ¢ok 6dnemli olan bu st
diizey davraniglarin gelisimini saglayan matematigin 6grenilmesi gereklidir [1].

Matematigi sadece okullarda okutulan bir ders olarak gérmek hata olur. Matematik
bireyin giinliik yasantisinda karsilagacagi birgok problemi ¢dzmesini saglayan bir
ogretidir. Bundan dolay1r matematik i¢in sadece sayilar1 ve islemleri anlatan bir ders
tanimlamasini yapamayiz. Matematik, gelisen ve karmasiklasan hayatta zorluklar
asmamiz1 saglayan diistinme, iliski kurma, akil yiirlitme, tahmin yapma gibi
becerilerimizi gelistiren bir disiplindir [2].

Glinlimiiz diinyasinda matematik kullanimi ve matematigi anlayabilme ihtiyaci
artmaktadir. Bu degisen ve gelisen kosullarda artik matematik yetenegi gelismis
bireylerin geleceklerini sekillendirmede daha fazla segenegi olmaktadir. Bunun yani sira
matematik egitiminin degisen ve gelisen gereksinimler dogrultusunda yeniden, tekrar
tekrar tasarlanmasi gerekmektedir [3].
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Kalkinmay1 hedefleyen {ilkeler egitime yatirnm yapmalidir. Bu yatirimlar dogrudan
egitimin niteligini arttirmak hedefinde olmalidir. Bu da giiglii egitim programlari
sayesinde olur. Egitim sisteminde ortaya ¢ikabilecek sorunlar bir iilkede izlenen milli
egitim politikasinin gelistirilmesi ile asilir. Ulkede yetistirilecek bireylerin niteligi
izlenen egitim programlar1 ile dogrudan alakalidir [4].

Ulkemizde 2012-2013 yilindan itibaren, gergeklestirilen egitim sistemi degisikligi
(4+4+4) ile birlikte ortaokullarda, matematik uygulamalar1 dersi se¢meli bir ders olarak
okutulmaya baslanmistir. Matematik uygulamalar1 dersinin uygulamaya konma amaci
ogrencilerin zorunlu matematik dersini desteklemek ve daha iist seviye matematiksel
problemler ¢ozebilme tecriibesi yasamalaridir [5].

Matematik uygulamalar1 dersinin igerigi; gilinlik hayattan ger¢ek ve kurmaca
problemler, diger bilim alanlarindan matematiksel problemler ve soyut matematiksel
oyunlardan olugsmaktadir. Program, 6grencilerin siniftaki yasantilarinda agirlikli olarak
bireysel c¢alisma yerine grup calismasini, smif tartigmasini  ve sunumlarini
ongdrmektedir. Ogrenciler, bu siiregte mantikli yaklasimlar1 ve ¢oziimleri ortaya
cikarmali, 6gretmen de bu derste dogru ¢ozliime yoOnlendirmekten ¢ok, Ogrencilerin
¢oziim yollarin1 kendilerinin bulmalarina yardimci olmalidir. Bdylece derste hem
Ogrencilerin matematiksel bilgi ve becerilerinin derinlesmesi hem de sosyal
becerilerinin desteklenmesi amaglanmaktadir [5].

Bu dersin genel amaci 6grencilerin matematige karsi olumlu tutum gelistirmesini
saglamaktir. Bunun i¢in Ogrencilere diizeylerine uygun sekilde matematiksel
uygulamalar yaptirilir. Boylelikle onlarin matematiksel bilgi ve becerilerinin gelismesi
hedeflenir. Bu genel amacin ii¢ bileseni vardir:

e Bu ders sayesinde Ogrencilerin gordiigli zorunlu matematik dersinin genel
amaglar1 desteklenir. Ogrenciler matematiksel tecriibelerini problem ¢dzerek
cesitlendirirler ve bdylelikle matematiksel bilgilerini igsellestirirler.

e Ogrenciler matematik ile diger disiplinler arasinda iliski kurarlar. Diisiincelerini
matematiksel olarak ¢oklu gosterimlerle ifade ederler.

e Ogrenciler matematigi severler, problem c¢cozebilmek icin gereken sabri ve
cabay1 gosterirler [6].

Matematigin bir anlamda giinliik hayata uyarlanmasi1 olarak yorumlanabilecek se¢meli
matematik uygulamalari dersi, 6grencinin matematigi sevmesine, anlamasina ve ayrica
O0grencinin matematik dersine biiylik katki saglayacaktir. Se¢meli matematik
uygulamalar1 dersindeki problemlerin, bu baglamda giinliik hayatla iliskilendirilmesi
amaca hizmet edecektir. Dolayisiyla matematik 6gretmenin rehberliginde, 6grenciler;
¢ozlim yollarin1 kendileri bulacak, matematiksel deneyimlerini problem ¢ozerek
zenginlestirecek ve matematiksel bilgilerini derinlestirme olanagina sahip olacaklardir.
Bundan dolay1 bu arastirma ile uygulayici olan 6gretmenlerin yeni 6gretim programa ile
hayata gecen se¢cmeli matematik uygulamalar1 dersine yonelik goriislerini belirlemek ve
Ogretmenlerin Onerilerini sunmak amaglanmistir [7]. Bu amaca ulagsmak i¢in asagidaki
sorulara yanit aranmistir:

1. Matematik uygulamalar1 dersi O6gretim programinin kazanimlarina iliskin

Ogretmen gorlisleri cinsiyet, mesleki kidem ve 6grenim durumlarina gore
anlamli olarak farklilik gostermekte midir?
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2. Matematik uygulamalar1 dersi §gretim programinin igerigine iliskin 6gretmen
gortisleri cinsiyet, mesleki kidem ve 6grenim durumlarina gore anlamli olarak
farklilik gostermekte midir?

3. Matematik uygulamalar1 dersi 6gretim programinin siirecine iliskin 6gretmen
goriisleri cinsiyet, mesleki kidem ve 6grenim durumlarina gére anlamli olarak
farklilik gostermekte midir?

4. Matematik uygulamalart dersi 0gretim programinin degerlendirmesine iliskin
Ogretmen goriisleri cinsiyet, mesleki kidem ve Ogrenim durumlarina gore
anlamli olarak farklilik gostermekte midir?

5. Matematik uygulamalar1 dersi 6gretim programinin giiglii ve zayif yonlerine
iligskin d6gretmen goriisleri nelerdir?

6. Matematik uygulamalar1 dersi Ogretim programinin uygulanmasi sirasinda
karsilasilan sorunlarin ¢éziimiine iliskin 6gretmenlerin 6nerileri nelerdir?

2. Yontem

2.1. Arastirmanin modeli

Bu arastirmanin modeli, nitel ve nicel arastirmanin bir arada kullanildig1 karma desen
seklindedir. Karma yontem, nicel ve nitel verilerle ¢calismanin giivenirligini arttirirken
gecerliligi de saglamlastirmaktadir [8]. Arastirmanin nicel boyutunda elde edilen
verilere ulasmak amaciyla tarama modeli kullanilmistir. Tarama modelinde 6nemli olan,
var olani degistirmeye kalkmadan gdzleyebilmektir [9]. Nicel verilere ulasmak amaciyla
ogretmenlere “Matematik Uygulamalar1 Dersi Programina iliskin Ogretmen Gériisleri
Anketi” uygulanmig ve betimsel istatistikleri yapilarak oOgretmenlerin goriisleri
belirlenmigtir. Aragtirmanin nitel boyutunda ise durum c¢alismasi modeli benimsenmis,
veriler 6gretmenlerle yapilan goriismelerle elde edilmistir.

2.2. Calisma grubu

Aragtirmanin ¢alisma grubunu, 2016-2017 6gretim yilinda Balikesir ili Altieyliil ve
Karesi ilgelerinde bulunan 10 farkli ortaokulda gorev yapmakta olan 77 matematik
O0gretmeni olusturmaktadir. Arastirmada nicel verilerin elde edilmesinde tesadiifi
orneklem kullanilmistir. Arastirmada nicel verilerin elde edilmesi amaciyla anket 77
ogretmene ve arastirmada nitel verilerin elde edilmesi amaciyla yar1 yapilandirilmig
goriisme formu ise 77 6gretmen arasindan tesadiifi secilen 7 6gretmene uygulanmistir.

2.3. Veri toplama araglar

Arastirmada Budak'in (2011), biitiiniine dair i¢ tutarlilik katsayisi 0,95, dlgegin alt
boyutlarinin Cronbach Alpha giivenirlik katsayilari ise icerik i¢in 0,90, kazanimlar i¢in
0,80, 6gretim siireci icin 0,87 ve degerlendirme i¢in 0,87 olarak hesaplanmis olan anket
kullanilmistir [10]. Ankette; 6gretmenlerin program kazanimlarina yonelik goriislerini
6l¢mek amaciyla 6 madde, programin igerigine yonelik goriiglerini 6lgmek amaciyla 8
madde, programin siirecine yonelik goriislerini 6lgmek amaciyla 11 madde, programin
degerlendirilmesine yonelik goriislerini 6lgmek amaciyla 7 madde olmak {izere toplam
32 madde yer almaktadir. Anketteki maddeler, “hi¢ katilmiyorum” segeneginden
“kesinlikle katiliyorum” secenegine dogru 5 madde ile dl¢eklendirilmistir.

Ogretmenlere anket uygulandiktan sonra arastirmanin nitel verilerine ulasmak amaci ile
Ogretmenlerle yar1 yapilandirilmis goriismeler “Matematik Uygulamalar1  Dersi
Gortisme Formu” kullanilarak gerceklestirilmistir. Goriisme formunda; 0gretmenlere
matematik uygulamalar1 dersini kaginci siniftaki Ogrencilere verdiklerini, bu dersin
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ogrencilere katkisinin olup olmadigini, bu dersi alan Ogrencilerin derse karsi
tutumlarinin  degisip degismedigini, dersi islerken yasadiklar1 zorluklarin olup
olmadigini, varsa bu zorluklara ¢6ziim Onerilerinin neler oldugunu belirlemek amaci ile
sorulmus sorulara yer verilmistir. Nitel arastirmalardaki gecerlik, arastirmacinin
arastirdig1 olguyu olabildigince tarafsiz betimlemesi olarak tanimlanir [9]. Arastirmanin
gecerliginin  saglanmasi igin veri toplama siirecinden Once iki uzman matematik
Ogretmeni ile goriisme test edilerek son hali verilen goriisme formu olusturulmustur.

2.4. Veri toplama siireci

Gerekli izinler alindiktan sonra arastirmaci tarafindan tek tek okullara gidilerek
“Matematik Uygulamalar1 Dersi Programina Iliskin Ogretmen Gériisleri Anketi” yazili
olarak matematik 6gretmenlerine uygulanmistir. Anket uygulanmadan once arastirmaci
tarafindan her 6gretmene anket tanitilmis ve nasil cevaplanacagi ile ilgili yonerge
okunmustur. Katilimcilara anketleri doldurmalar1 i¢in 15-20 dakika siire verilmistir.
Calismadaki “Matematik Uygulamalar1 Dersi Goriisme Formu” kullanilarak anketi
dolduran 6gretmenler arasindan tesadiifen segilen 7 matematik dgretmeni ile goriisme
yapilmistir. Goriismeler 30 ile 50 dakika arasinda degisen siirelerde gergeklestirilmistir.
Gorlismelerde dgretmenlerden izin alinarak ses kayit cihazi kullanilmig, daha sonra bu
ses kayitlarindan elde edilen veriler yaziya dokiilmiistiir.

2.5. Verilerin analizi

Matematik 6gretmenlerinin demografik 6zellikleri ile matematik uygulamalar1 dersinin
programinin  kazanimlarina, silirecine, icerigine ve degerlendirmesine yoOnelik
goriiglerinin  dlgiilmesi icin “Matematik Uygulamalart Dersi Programina Iliskin
Ogretmen Goriisleri Anketi” uygulandiktan sonra elde edilen veriler SPSS programi
yardimiyla analiz edilmistir. Cinsiyet ve 6grenim durumunun analizlerinde bagimsiz
orneklem icin t-testi, kidem durumu incelemesi i¢in ise varyans analizi (ANOVA)
kullanilmistir. Ankette 6grenim durumu 4 kategoriden olusmakta iken 6n lisans ve
doktora secenekleri drneklemde yer almadigi i¢in bu durum iki gruplu olarak analiz
edilmistir.

Gorlisme formundan yararlanarak oOgretmenlerle yiiz ylize yapilan goriismelerin
kayitlari, hi¢ bir degisiklik yapilmadan oldugu gibi yaziya aktarilmistir. Yaziya dokiilen
bu veriler, iizerinde kodlamalar yapilarak metin iizerinde isaretlenmistir. Birbiri ile
iligkili olan kodlar bir araya getirilerek ortak temalar arastirmacilar tarafindan
olusturulmustur. Ayrica giivenirligi belirlemek amaciyla veriler bir uzman tarafindan
kodlanmistir. Kodlama yapanlar arasi uyum “Giivenirlik = Goriis Birligi / (Gorts Birligi
+ Gorlis Ayriligi) x 100” ile hesaplanarak %83 olarak bulunmustur. Giivenirlik i¢in iki
farkl1 kodlama yapan kisinin uyumu icin %70’in iistiindeki degerler yeterlidir [11].
Gorlisgme formunun uygulandigi 6gretmenlere numaralar verilmis ve alintilar bu
numaralar kullanilarak yapilmistir. Goriigmelerden elde edilen veriler, igerik analizi
yapilarak ¢oziimlenmistir.

3. Bulgular
Bu kisimda, arastirmanin verilerinin analizinden elde edilen bulgular yer almaktadir.
3.1. Birinci soruya iligkin bulgular

“Matematik uygulamalar1 dersi 6gretim programinin kazanimlarina iliskin 6gretmen
goriisleri cinsiyet, mesleki kidem ve 6grenim durumlarina gore anlamli olarak farklilik
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gostermekte midir?” sorusuna yanit almak i¢in 6gretmenlere uygulanan anketten elde
edilen verilerin analizinden ortaya ¢ikan bulgulara yer verilmistir.

Tablo 1. Ogretmenlerin cinsiyetlerine gore matematik uygulamalar dersi dgretim
programinin kazanimlarina yonelik goriisleri.

Ortalama Esitligi i¢in T Testi

95% Farkin
t df Sig. Ortalama Standart Giiven Aralif1
(2-tailed) Fark Hata Farki Alt Ust
Varsayilan Esit
Varyanslar ,189 75 ,851 ,02432 ,12890 -23246 28111
Varsayilmayan Esit
Varyanslar ,188 72,729 ,852 ,02432 ,12949 -23380 ,28244

Tablo 1'de goruldiigic gibi (t(75)=0,189, p>0,05) matematik 6gretmenlerinin
cinsiyetlerine gdére matematik uygulamalar1 dersi 0gretim programinin kazanimlarina
yonelik goriislerinde anlamli farklilik yoktur.

Tablo 2. Ogretmenlerin 6grenim durumlarma gére matematik uygulamalar1 dersi
Ogretim programinin kazanimlaria yonelik goriisleri.

Ortalama Esitligi i¢in T Testi

95% Farkin Giiven
t df Sig. Ortalama Standart Aralig1
(2-tailed) Fark Hata Farki Alt Ust
Varsayilan Esit
Varyanslar -1,655 75 ,102 -,36429 ,22009 -80273  ,07416
Varsayilmayan Esit
Varyanslar -2,366 9,210 ,042 -,36429 ,15397 - 71138 -,01719

Tablo 2'de goriildiigli iizere (t(75)=1,655, p>0,05) matematik 6gretmenlerinin egitim
durumlarina gore programin kazanimlarma yonelik goriislerinde anlamli farklilik
yoktur.

Tablo 3. Ogretmenlerin kidem durumlarma gére matematik uygulamalari dersi 6gretim
programinin kazanimlarina yonelik goriisleri (I).

Kareler Toplam: ~ df  Kareler Ortalamasi F Sig.
Gruplar Arasi 4,691 5 ,938
Kidemlerine 3,456 ,007
Gore
Ogretmenlerin Gruplar Ici 19,273 71 271
Kazanimlara
Yonelik
Goriisleri Toplam 23,964 76

Tablo 3’ten anlasilacag1 (F(5;76)=3,456, p<0,05) matematik 6gretmenlerinin kideme
bagl olarak program kazanimlarina yonelik goriislerinde istatistiksel olarak anlamli
farklilik vardir. Matematik oOgretmenlerinin  kideme bagli olarak programin
kazanimlarina yonelik goriiglerinde istatistiksel olarak anlamli farkin hangi kidem yillart
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arasinda oldugunu belirlemek i¢in yapilan Post-Hoc Scheffe analizlerinin sonuglari
Tablo 4’te verilmistir.

Tablo 4. Ogretmenlerin kidem durumlarina gére matematik uygulamalari dersi 6gretim
programinin kazanimlarina yonelik goriisleri (IT).

(DKidem (J)Kidem Yil Ortalama Standart Sig. %295 Giivenilir Aralik
Farki Hata Alt limit Ust limit

Scheffe  1-5 6-10 ,31481 ,28800 ,944 -,6711 1,3007

11-15 ,05000 ,28057 1,000 -,9105 1,0105

16-20 ,13333 ,30823 ,999 -,9218 1,1885

21-25 ,67593 ,28800 ,367 -,3100 1,6618

26 ve lstil ,25000 ,45121 ,997 -1,2946 1,7946

6-10 11-15 -,26481 ,16105 , 745 -,8161 ,2865

16-20 ,18148 ,20549 978 -,8849 ,5219

21-25 ,36111 ,17367 ,509 -,2334 ,9556

26 ve lstil -,06481 ,38286 1,000 -1,3942 1,2645

11-15 16-20 ,08333 ,19494 ,999 -,5840 ,7507

21-25 ,62593 ,16105 ,016 ,0746 1,1772

26 ve lstil ,20000 ,38286 ,998 -1,1106 1,5106

16-20 21-25 ,54259 ,20549 ,237 -,1608 1,2460

26 ve lstil ,11667 ,40357 1,000 -1,2648 1,4982

21-25 26 ve lstil -,42593 ,38834 ,943 -1,7553 ,9034

Tablo 4’ten anlasilacagi gibi 11-15 yil arasi ¢alismis 6gretmenler ile 21-25 yil arasi
calismis Ogretmenlerin goriisleri arasinda farklilik oldugu tespit edilmistir. 11-15 yil
arasi ¢alisanlarin goriisleri daha olumlu oldugu goriilmiistiir.

3.2. Ikinci soruya iliskin bulgular

“Matematik uygulamalar1 dersi 6gretim programinin igerigine iliskin 6gretmen goriisleri
cinsiyet, mesleki kidem ve Ogrenim durumlarina gore anlamli olarak farklilik
gostermekte midir?” sorusuna yanit almak icin 6gretmenlere uygulanan anketten elde
edilen verilerin analizinden ortaya ¢ikan bulgulara yer verilmistir.

Tablo 5. Ogretmenlerin cinsiyetlerine gére matematik uygulamalar1 dersi 6gretim
programinin igerigine yonelik goriisleri.

Ortalama Esitligi i¢in T Testi

95% Farkin
t df Sig. Ortalama Standart Giiven Araligi
(2-tailed) Fark Hata Farki Alt Ust
Varsayilan Esit
Varyanslar 1,201 75 ,233 ,15726 ,13089 -,10349  ,41801
Varsayilmayan Esit
Varyanslar 1,203 74,868 ,233 ,15726 ,13070 -,10311  ,41764

Tablo 5’de gorildigi gibi  (t(75)=1,201, p>0,05) matematik Ogretmenlerinin
cinsiyetlerine gore program igerigine yonelik gorlislerinde anlamhi farklilik
bulunmamaktadir.
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Tablo 6. Ogretmenlerin 6grenim durumlarna gére matematik uygulamalari dersi
O0gretim programinin igerigine yonelik gortisleri.

Ortalama Esitligi i¢in T Testi

95% Farkin
t df Sig. Ortalama Standart Giiven Aralig1
(2-tailed) Fark Hata Farki Alt Ust
Varsayilan Esit
Varyanslar -1,638 75 ,106 -,36964 ,22566 -,81918  ,07989
Varsayilmayan Esit -4,738 66,859 ,000 -,36964 ,07801 -52536  ,21393
Varyanslar

Tablo 6’dan (1(66,859)=4,738, p<0,05) matematik 6gretmenlerinin egitim durumlarina
gore program igerigine yonelik goriislerinde anlamli farklilik vardir. Yiiksek lisans
egitimi almis 6gretmenlerin igerik ile ilgili maddelerden aldiklari puanlarin ortalamalari,
lisans mezunu Ogretmenlerin ortalamalarindan istatistiksel agidan anlamli seviyede
yiiksektir.

Tablo 7. Ogretmenlerin kidem durumlarma gére matematik uygulamalari dersi 6gretim
programinin igerigine yonelik goriisleri (I).

Kareler Toplam1  df  Kareler Ortalamasi F Sig.
Gruplar Arasi 6,334 5 1,267
Kidemlerine 4,774 ,001
Gore
Ogretmenlerin ~ Gruplar i¢i 18,840 71 ,265
Kazanimlara
Yonelik
Goriigleri Toplam 25,173 76

Tablo 7’ye gore (F(5;76)=4,774, p<0,05) matematik Ogretmenlerinin kideme bagh
olarak programin igerigine yonelik goriislerinde istatistiksel olarak anlamli farklilik
bulunmaktadir. Matematik 6gretmenlerinin kideme bagli olarak programin igerigine
yonelik gorislerinde istatistiksel olarak anlamli farkin hangi kidem yillar1 arasinda
oldugunu belirlemek i¢in yapilan Post-Hoc Scheffe analizleri yapilmistir ve sonuglar
Tablo 8’de verilmistir.

Tablo 8. Ogretmenlerin kidem durumlarma gére matematik uygulamalari dersi 6gretim
programinin i¢erigine yonelik goriisleri (I1).

(DKidem  (J)Kidem Yil Ortalama Standart Sig. %95 Giivenilir Aralik
Farki Hata Alt limit Ust limit
Scheffe  1-5 6-10 ,14391 ,28474 ,998 -,8254 1,1240
11-15 28125 27740 1959 -,6683 1,2308
16-20 25625 130475 1982 -,7870 1,2995
21-25 ,83681 28474 ,139 -,1379 1,8115
26 veisti  -,21875 44611 1999 -1,7459 1,3084
6-10 11-15 ,13194 ,15923 ,983 -,4131 ,6770
16-20 ,10694 20317 1998 -,5885 ,8024
21-25 ,68750 A7171 011 ,0997 1,2753
26veisti  -,36806 138395 1968 -1,6824 9463
11-15 16-20 -,02500 ,19274 1,000 -,6848 ,6348
21-25 ,55556 ,15923 ,043 ,0105 1,1006
26 ve lstil -,50000 ,37853 ,881 -1,7958 ,7958
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Tablo 8. (Devamu).

16-20 21-25 ,58056 ,20317 ,162 -,1149 1,2760
26 ve Ustil -,47500 ,39901 921 -1,8409 ,8909
21-25 26 ve listii -1,05556 ,38395 ,197 -2,3699 ,2588

Tablo 8’de goriildiigii gibi 21-25 yil arasi ¢alismis 6gretmenler ile 1-5 yil arasi calismis
O0gretmenlerin goriisleri arasinda farklilik oldugu tespit edilmis ve 1-5 yil aras1 calisan
Ogretmenlerin  gorlislerinin daha olumlu bulunmustur. 21-25 yil arasi g¢alismis
o0gretmenler ile 6-10 yil aras1 calismis 6gretmenlerin gorisleri arasinda farklilik tespit
edilmis ve 6-10 yil arast ¢aligmig 6gretmenlerin goriisleri daha olumludur. Son olarak
21-25 yil aras1 ¢alismis 6gretmenler ile 11-15 yil aras1 ¢alismis 6gretmenlerin goriisleri
arasinda farklilik oldugu tespit edilmis ve 11-15 yil arasi ¢alismis Ggretmenlerin
goriislerinin daha olumlu oldugu sonucu ¢ikmustir.

3.3. Uciincii soruya iliskin bulgular

“Matematik uygulamalar1 dersi 6gretim programinin siirecine iligkin 6gretmen gortisleri
cinsiyet, mesleki kidem ve oOgrenim durumlarina goére anlamli olarak farklilik
gostermekte midir?” sorusuna yanit almak icin dgretmenlere uygulanan anketten elde
edilen verilerin analizinden ortaya ¢ikan bulgulara yer verilmistir.

Tablo 9. Ogretmenlerin cinsiyetlerine gére matematik uygulamalar1 dersi 6gretim
programinin siirecine yonelik goriisleri.

Ortalama Esitligi i¢in T Testi

95% Farkin
t df Sig. Ortalama Standart Giiven Araligi
(2-tailed) Fark Hata Farki Alt Ust
Varsayilan Esit
Varyanslar 2,263 75 ,027 ,28968 ,12800 ,03470  ,54466
Varsayilmayan Esit
Varyanslar 2,260 73,997 ,027 ,28968 ,12819 ,03427 54510

Tablo 9’a gore (t(75)=2,263, p<0,05) matematik Ogretmenlerin cinsiyetlerine gore
program siirecine yOnelik goriislerinde anlamli farklililk  goriilmektedir. Erkek
ogretmenlerin siire¢ ile ilgili maddelerden aldiklar1 puanlarin ortalamasi, kadin
ogretmenlerin ortalamasindan istatistiksel agidan anlamli seviyede fazladir.

Tablo 10. Ogretmenlerin grenim durumlarina gdre matematik uygulamalar: dersi
Ogretim programinin siirecine yonelik goriisleri.

Ortalama Esitligi i¢in T Testi

95% Farkin Giiven
t df Sig. Ortalama Standart Aralig1
(2-tailed) Fark Hata Farki Alt Ust
Varsayilan Esit
Varyanslar -1,638 75 ,106 -,36964 ,22566 -81918  ,07989
Varsayilmayan Esit
Varyanslar -4,738 66,859 ,000 -,36964 ,07801 -,52536  -,21393
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Tablo 10’a gore (t(75)=1,638, p>0,05) matematik 6gretmenlerinin 6grenim durumlarina
gore program siirecine yonelik goriislerinde anlamli farklilik bulunmamaktadir.

Tablo 11. Ogretmenlerin kidemlerine gére matematik uygulamalar1 dersi 6gretim
programinin siirecine yonelik goriisleri (I).

Kareler Toplam1  df  Kareler Ortalamasi F Sig.
Gruplar Arasi 4,966 5 ,993
Kidemlerine 3,480 ,007
Gore
Ogretmenlerin ~ Gruplar i¢i 20,264 71 ,285
Kazanimlara
Yonelik
Goriigleri Toplam 25,230 76

Tablo 11’e gore (F(5;76)=3,480, p<0,05) matematik Ogretmenlerinin kideme bagh
olarak programin siirecine yoOnelik goriislerinde istatistiksel olarak anlamli farklilik
vardir. Bu farkin hangi kidem yillar1 arasinda oldugunu belirlemek icin Post-Hoc
Scheffe analizleri yapilmistir.

Tablo 12. Ogretmenlerin kidemlerine goére matematik uygulamalar1 dersi 6gretim
programinin siirecine yonelik gortisleri (IT).

(DKidem  (J)Kidem Y1l Ortalama Standart Sig. %395 Giivenilir Aralik
Fark1 Hata Alt limit Ust limit

Scheffe  1-5 6-10 - 11111 ,29531 1,000 -1,1220 ,8998
11-15 -,32909 ,28769 ,932 -1,3139 ,6557

16-20 -,28182 ,31606 977 -1,3638 ,8001
21-25 ,28283 ,29531 ,968 -,7281 1,2937

26 ve lstil -,68182 ,46266 ,823 -2,2656 ,9020

6-10 11-15 -,21798 ,16514 ,882 -,7833 ,3473

16-20 -, 17071 ,21070 ,985 -,8920 ,5506

21-25 ,39394 ,17808 437 -,2157 1,0035

26 ve lstil -,57071 ,39820 ,840 -1,9338 ,7924

11-15 16-20 ,04727 ,19989 1,000 -,6370 ,7315
21-25 ,61192 ,16514 ,025 ,0466 1,1772

26 ve lstil -,35273 ,39258 976 -1,6966 9912
16-20 21-25 ,56465 ,21070 ,222 -,1566 1,2859
26 ve listil -,40000 ,41382 ,967 -1,8166 1,0166

21-25 26 ve lstil -,96465 ,39820 ,331 -2,3278 ,3985

Tablo 12’ye gore 11-15 yil arasi c¢alismis 6gretmenler ile 21-25 yil arasit calismis
Ogretmenlerin goriisleri arasinda anlamli farklilik oldugu bulunmustur ve 11-15 yil arasi
calisanlarin goriisleri daha olumludur.

3.4. Dordiincii soruya iliskin bulgular

“Matematik uygulamalar1 dersi 0gretim programinin degerlendirmesine iliskin
O0gretmen goriisleri cinsiyet, mesleki kidem ve 6grenim durumlarina goére anlamli olarak
farklilik gostermekte midir?” sorusuna yanit almak icin Ogretmenlere uygulanan
anketten elde edilen verilerin analizinden ortaya ¢ikan bulgulara yer verilmistir.
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Tablo 13. Ogretmenlerin cinsiyetlerine gore matematik uygulamalari dersi 6gretim
programinin degerlendirmesine yonelik goriisleri.

Ortalama Esitligi i¢in T Testi

95% Farkin Giiven
t df Sig. Ortalama Standart Aralig1
(2-tailed) Fark Hata Farki Alt Ust
Varsayilan Esit
Varyanslar 2,721 75 ,008 ,39855 ,14646 ,10680 ,69031
Varsayilmayan Esit
Varyanslar 2,718 74,070 ,008 ,39855 ,14665 ,10636 ,69075

Tablo 13’te (t(75)=2,721, p<0,05) matematik Ogretmenlerinin cinsiyetlerine gore
programin degerlendirme basamagina yonelik goriislerinde anlamli  farklilik
bulunmaktadir. Kadmlarin degerlendirme ile ilgili maddelerden aldiklar1 puanlarin
ortalamasi, erkeklerin ortalamasindan istatistiksel agidan anlamli seviyede fazladir.

Tablo 14. Ogretmenlerin grenim durumlarina gdre matematik uygulamalar: dersi
Ogretim programinin degerlendirmesine yonelik goriigleri.

Ortalama Esitligi i¢in T Testi

95% Farkin Giiven
t df Sig. Ortalama Standart Aralig1
(2-tailed) Fark Hata Farki Alt Ust
Varsayilan Esit
Varyanslar -1,197 75 ,235 -,31633 ,26429 -,84282 21016
Varsayilmayan Esit
Varyanslar -1,400 7,868 ,200 -,31633 ,22601 -,83903  ,20638

Tablo 14’te verilenlere gore (t(75)=1,197, p>0,05) matematik 6gretmenlerinin 6grenim
durumlarina gore degerlendirme basamagina yonelik goriislerinde anlamli bir farklilik
bulunmamaktadir.

Tablo 15. Ogretmenlerin kidem durumlarina gére matematik uygulamalar1 dersi 6gretim
programinin degerlendirmesine yonelik goriisleri (I).

Kareler df Kareler F Sig.
Toplami1 Ortalamast
Kidemlerine
Gore Gruplar Arasi 5,710 5 1,142
Ogretmenlerin 2,869 ,020
degerlendirmeye Gruplar Ici 28,264 71 ,398
Yonelik
Gorisleri Toplam 33,973 76

Tablo 15’e gore (F(5;76)=2,869, p<0,05) matematik 6gretmenlerinin kidem durumlarina
gore programin degerlendirme basamagina yonelik goriislerinde istatistiksel olarak
anlamli farklilik bulunmaktadir. Farkin hangi kidem yillar1 arasinda oldugunu
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belirlemek icin yapilan Post-Hoc Scheffe analizleri yapilmis ve sonuglari Tablo 16’da
verilmistir.

Tablo 16. Ogretmenlerin kidemlerine goére matematik uygulamalar1 dersi 6gretim
programinin degerlendirmesine yonelik goriisleri (II).

(DKidem  (J)Kidem Yil Ortalama Standart Sig. %095 Giivenilir Aralik
Farki Hata Alt limit Ust limit
Scheffe  1-5 6-10 ,63492 ,34876 ,653 -,5590 1,8288
11-15 ,33143 ,33977 ,965 -,8317 1,4945
16-20 ,67143 ,37327 ,665 -,6063 1,9492
21-25 ,17778 ,34876 ,427 -,4161 1,9717
26 ve lstil -,50000 ,54641 974 -2,3705 1,3705
6-10 11-15 -,30349 ,19504 7187 -9711 ,3642
16-20 ,03651 ,24885 1,000 -,8153 ,8884
21-25 ,44635 ,21031 ,993 -,5771 ,8628
26 ve lstil -,83143 ,47027 ,335 -2,7448 ,4749
11-15 16-20 ,34000 ,23608 ,837 -,4681 1,1481
21-25 ,44635 ,19504 ,397 2213 1,1140
26 ve lstil -,83143 ,46364 ,668 -2,4186 , 7557
16-20 21-25 ,10635 ,24885 ,999 -, 7455 ,9582
26 ve Uistii -1,17143 ,48872 ,343 -2,8444 ,5016
21-25 26 ve listii -1,27778 ,47027 ,208 -2,8876 3321

Tablo 16’ya gore 26 yil ve iistii calismis Ogretmenler ile 21-25 yil aras1 calismis
Ogretmenlerin goriisleri arasinda farklilik oldugu tespit edilmis ve 21-25 yil arasi
calisanlarin goriislerinin daha olumlu oldugu sonucu ortaya ¢cikmistir.

3.5. Besinci soruya iliskin bulgular

“Matematik uygulamalar1 dersi 6gretim programinin giiglii ve zayif yonlerine iliskin
Ogretmen goriisleri nelerdir?” sorusuna yanit almak icin Ogretmenlerle yapilan yari
yapilandirilmig goriismelerin analizinden elde edilen bulgulara ve goriismelerden
alintilara yer verilmistir. Goriisme sirasinda 6gretmenlere yoneltilen sorular ve verilen
yanitlarin kategori edilmis hali tablolar halinde verilmistir.

Tablo 17. Ogretmen gériisme formu soru kategori tablosu.

Soru 1: “Hangi simifin/siniflarin se¢meli matematik uygulamalar: dersine Ogretmenler
giriyorsunuz?”

5. simf 02,06,07

6. stmf 03,06,07
7.smf 01,02,03
8.smif 04,03

Soru 2: “Secmeli matematik uygulamalari dersinin 6Zrencilere ne gibi katkilari Ogretmenler
oldugunu diisiiniiyorsunuz”

Konu tekrar1 agisindan olumlu 01,02,03,04
Kazanimlarin kavratilmasi agisindan olumlu 01

Soru ¢dziildiigii i¢in olumlu 01,02,04
Eglenceli oldugu i¢in olumlu 03,05,06
Matematigi sevdirdigi i¢in olumlu 03,05,06
Ogrencilerin matematik becerilerini arttirdig1 igin olumlu 06
Ogrencilerin negatif tutumu nedeniyle olumsuz 07

Soru 3: “Se¢meli matematik uygulamalar dersi sayesinde égrencilerinizin Ogretmenler
matematik dersine kars1 tutumu degisti mi? Olumlu mu yoksa olumsuz yonde mi

degisme oldu?”

Olumlu yoénde degisti 01,03,04
Her hangi bir degisiklik gdzlemlemedim 02,05,06,07
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Tablo 17. (Devami).

Soru 4: “Se¢cmeli matematik uygulamalar: dersinin islenisiyle ilgili yasadiginiz Ogretmenler
zorluklar nelerdir?”

Ogrenci kitaplarinin olmamasi 01,05

5. smif 6gretmen kitab1 6grenci seviyesinin ¢ok istiinde 02
Ogrencilerin olumsuz tutumu 02,03,04,05,07
Soru 5: “Bu zorluklarin ¢éziimii/¢éziimleri sizce nedir ?” Ogretmenler
Kitap basilip &grencilere dagitilabilir 01,02,03
Ogretmen daha etkin olabilir 02
Ogretmenler matematik dersine girdigi 6grencilerin segmeli derslerine girebilirler 03,04

Dersi gergekten isteyen 6grencilerin segmesi saglanabilir 06

Ders kaldirilmali 07

Matematik uygulamalar1 dersini veren 6gretmenlerden 6 tanesi dersin dgrencilerin gelisimi
acgisindan olumlu, 1 tanesi ise olumsuz oldugunu diistinmektedir. Baz1 6gretmenlerin
goriigleri:

“Matematik uygulamalar: dersi sayesinde ogrenci anlamadigr konulari tekrar dinleme
sansi yakaliyor. Akademik basarist yiiksek 6grencilerde ise isteyerek se¢ildigi icin oyun,
etkinlik  gibi  faaliyetlerle sevdigi dersi daha da etkili olarak zevk alarak
tamamliyor.(03)”

P4 . . o . % o ee ae N v ..

Ogrencilerin matematigi sevmesine faydast oldugunu diisiiniiyorum. Ogrencinin
matematigi sevmemesindeki en 6nemli sebep yapamamasidir. Ders sayesinde matematik
becerilerinin artacagin diigiiniiyorum.(06)”

“Pek bir katkis1 oldugunu diistinmiiyorum. Dersin islenmesini istemiyorlar. Dolayisiyla
bu tutumlari ders yapmayt engelliyor.(O7)”

Matematik Ogretmenlerinin Uicli 6grencilerin tutumlarinin olumlu yonde degistigini
dordii ise Ogrencilerin tutumlarinda herhangi bir degisim gozlenmedigini ifade
etmislerdir. Baz1 6gretmenlerin goriisleri:

“Ashinda olumlu degistigini diigiiniiyorum. Ciinkii daha eglenceli gegiyor. Matematik
dersinde konuyu daha hizli islememiz gerekirken bu derste daha agwr ders
isleyebiliyoruz. Birde dgrenciler farklh farkli simiflardan karistiklar: icin onlar iginde
degisiklik olumlu oluyor. Farkli 6gretmenlerin girmesi de onlar i¢in degisik bir ortam
oluyor. Sonug¢ olarak bazi ogrenciler icin iyi oluyor, matematikle ilgisi olmayan
ogrenciler icin olumlu oldugu séylenemez.(O1)”

“Bazi ogrencilerin dersle alakasi yok bu nedenle onlarin tutumu degismiyor. Ancak
dersle ilgilenen ogrenciler i¢in olumlu yonde degigim oluyor.(O5)”

Gortligiilen matematik 6gretmenlerinden iki tanesi 6grenci kitabinin olmadigini, biri 5.
Simif kitabinin 6grencilerin kavrayamayacagi kadar zor oldugunu besi ise derse katilan
ogrencilerin olumsuz tutumunun problem yarattigmmi ifade etmislerdir. Bazi
ogretmenlerin goriisleri:

“Kitabimizin olmamast bizim i¢in bir zorluk oluyor. Biz kendimiz bir seyler yapmaya
calistyoruz. Cocuklara dagitilan gercek bir kitabimiz olsa daha etkin iglenebilir. (O1)”

271



ODEN i.M., iIKIKARDES N.Y.

“Daha once ¢alistigim okullart diisiinerek sunu soyleyebilirim. 2 ¢esit uygulama var.
Kiiciik okullarda o6gretmen girdigi simifa se¢meli matematik dersine de giriyor ve
dersine devam ediyordu. Bazen isledigimiz konuya devam ediyorduk. Programda geri
kalmigsak telafi ediyorduk. Bol soru c¢oziiyorduk. Se¢meli matematik kitabindaki
etkinlikleri uygulamaya ¢alistyorduk. Bununla ilgili bir elestiri de getirmek istiyorum.
Se¢meli matematik uygulamalar: ders kitabinin seviyesi ogrencilerin seviyesinin ¢ok
ustiinde. Kitabin uygulatmasi zor goriiniiyor. Kitap ogrencilere dagitilsa bile ¢ozmek
icin bosluk ayrilamamus. Etkinliklerin bazilart 2 ders saatinde tamamlanamiyor.
Kalabalik ¢ok subeli okullarda 6grenciler farkll siniflardan toplaniyorlar. Genel olarak
severek ve isteyerek katilvyorlar. Bazi 6grenciler ise dersi bos ders gibi diisiintiyorlar.
Ders islemek istemiyorlar. Bu 6grenciler dersin diizenini isleyisini bozuyorlar. (02)”

3.6. Altinci soruya iligkin bulgular

“Matematik uygulamalar1 dersi 68retim programinin uygulanmasi sirasinda karsilagilan
sorunlarin ¢éziimiine iligkin 6gretmenlerin 6nerileri nelerdir?”” sorusuna yanit almak i¢in
Ogretmenlerle yapilan yar1 yapilandirilmis goriismelerin analizinden elde edilen
bulgulara ve goriismelerden alintilara yer verilmistir.

“Ogretmen sinif diizenini saglamalari 6grencilere sevdirmeli. Kaynak kitap diizenlenip
daha kullanish hale getirilmeli.(02)”

“Bu derste seviye siniflarinin olmasi bazi 6grenciye konu anlatimina yonelmek adina,
bazi ogrenciye ise etkin yontemlerle pekistirmek adina daha yararli olabilecegi
diigiincesineyim. Ayrica dersine girmis oldugunuz siniflarin se¢meli dersini anlamaniz
iletisim adina daha etkili oluyor.(03)”

“Sec¢meli dersi ogrencilerin velileri se¢iyor. Osrenci istemedigi halde bu dersi seciyor.
Dolayisiyla highbir sey yapmak istemiyor.(06)”

“Ders kaldirilmali.(07)”

4. Sonuclar ve tartisma

Bu c¢alisma sayesinde matematik uygulamalar1 dersini veren Ogretmenlerin ders
hakkindaki goriis ve Onerileri ortaya cikarilmistir. Matematik uygulamalar1 dersi
Ogretim programinin kazanimlar, igerik, slire¢ ve degerlendirme agisindan &gretmen
gorisleri cinsiyet, mesleki kidem ve 6grenim durumlarina gore arastirilmistir.

Matematik 6gretmenlerinin, matematik uygulamalar1 dersi programimin kazanimlarina
yonelik goriislerinde; kidem durumlaria gore, program igerigine yonelik goriislerinde;
egitim seviyelerine ve kidem durumlarina gore, program siirecine yonelik goriislerinde;
cinsiyete ve kideme bagli olarak, programin degerlendirme basamaginda; cinsiyete ve
kidem durumuna gore farkliliklar oldugu tespit edilmistir.

Aragtirmada goriisme yapilan 6gretmenlerin ti¢li 5. Smiflarda, ti¢ii 6. Siiflarda, ti¢ii 7.
Siniflarda ikisi ise 8. Siniflarda se¢meli matematik uygulamalart dersine girmektedir.
Bunun yaninda daha 6nceden tiim 6gretmenlerin her siif diizeyinde bu derse yonelik
tecriibeleri mevcuttur.
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Ogretmenlerin biilyiik ¢ogunlugu segmeli matematik uygulamalar1 dersinin dgrencilere
katkis1 oldugunu diistinmektedirler. Goriisme yapilan 6gretmenlerden dort tanesi dersin
konu tekrarina, i¢li soru c¢oziimiine, licii dersin eglenceli hale gelmesine, ¢l
matematigi sevme noktasinda, biri matematik becerilerini arttirma konusunda, biri
kazanimlarin kavratilmasina yardimci olmasina, biri ise 0grencinin matematige karst
negatif tutumunun kirilmasi yoniinde katkilar1 oldugunu belirtmislerdir. 2016 yilinda
Akay, Cirakoglu ve H. Yanar’in yaptiklar calismada ortaokul 5. ve 6. Sinif 6grenci ve
O0gretmenlerinin se¢meli derslere iliskin goriisleri alinmistir. Segmeli derslerin se¢imin
asamasinda agirlikli olarak dis etkenlerin veya saglanacak yararin gz oniinde alindig
ifade edilmistir. Derslerin igerigine iliskin olumlu ve olumsuz goriislerin birbirine yakin
oldugu ortaya ¢ikarilmistir. Derslerin yararlar1 konusunda Ogretmen ve Ogrenci
goriislerinde farkliliklar oldugu saptanmistir [12].

Matematik uygulamalar1 dersinde yasanilan zorluklar soruldugunda 6gretmenlerin
biiylik ¢cogunlugu 6grencilerin olumsuz tutumundan yakinmislardir. Bunun nedeninin
genellikle ders se¢imini ailelerin yaptigini 6grencilerin dersi istemedikleri halde se¢mek
zorunda olduklarini ifade etmislerdir. Benzer olarak Ataman (2015) calismasinda
Ogretmen goriislerine gore ailelerin, dersin igeriginden yeterince haberdar olmadan,
fazladan matematik calisilacag: diisiincesiyle bu dersi 5. siniftaki grencilerinin yerine
ebeveynlerin segtikleri bulgusuna yer vermistir [13]. Eyiol’un 2019 yilinda yaptigi
calismasinda ise siniflarin grup g¢aligmasina uygun olarak tasarlanmadigi ve fiziksel
ortamin programin etkililigini olumsuz yonde etkiledigi sonucuna ulagilmistir. Ozellikle
degisen smav sisteminin etkisiyle 6gretmen ve Ogrenciler tarafindan dersin gerekli
goriildiigli, dersin se¢ciminde Ogrencilerin kararlarinda 6zgiir olamadiklari, ¢ogunlukla
siifin ortak kararina uymak durumunda kaldiklar1 sonucuna ulasilmistir [14].

Ogretmenler matematik uygulamalar1 ders kitabmin ve gerekli materyallerin
bulunmadigini belirtmislerdir. Coban ve Erdogan’in yaptiklar1 c¢aligmada da
ogretmenlerin etkinliklerin gerektirdigi materyalleri ulasmada sorunlarla karsilastiklar
ifade edilmistir [15].

Gorlismeye katilan 6gretmenlerden biri, matematik uygulamalar1 dersinin 6zellikle 5.
Smif kazanimlarinin 6grencilerin seviyesinin iistiinde oldugunu ifade etmistir. Celikel
ve Yelken’in g¢aligmasinda ise Ogretmenler matematik uygulamalart dersi 6gretim
programina iliskin olarak, programda yer alan etkinliklerin 6grenci seviyesine daha
uygun ve fiziki imkanlar 6l¢iisiinde uygulanabilir olmasini 6nermislerdir [16]. Coban ve
Erdogan ise 6gretmenlerin matematik uygulamalari 5. Sinif miifredatindaki problemleri
ogrencilerin seviyesinin iizerinde bulduklar1 sonucuna varmiglardir [15]. Ataman’in
caligmasinda ise 6gretmenlerin se¢gmeli matematik uygulamalar1 dersinin 6grencilerin
diizeyine uygunlugu konusunda gorislerinin “kararsizim” diizeyinde oldugunu ve
Ogretmenlere gore Ogretmen kilavuz kitabinin olmamasmin ders islenmesini
zorlastirdig1 ortaya konmustur [13].

Bu calismada goriisii alinan 6gretmenlerin tiimii, her ders seviyesinde kitap basilarak
Ogrencilere dagitilmasint Onermislerdir. Mevcut durumda 5.Siniflarin ders kitabi
bulunmakta, bu kitaptan da sadece 1 adet okullara gonderilmektedir. Ogretmenler
fotokopi ¢ekerek veya etkinligi Ogrencilerin  defterlerine yazdirarak  dersi
islemektedirler. Bir etkinlik 6grencilerin defterlerine yazdirilmak istendiginde bu islem
bir ders saati siirmektedir. Fotokopi ile ¢ogaltilinca ise malzeme sikintis1 yasanmaktadir.
Yasanan bu tiir sorunlarin giderilmesi i¢in Milli Egitim Bakanlig1 tarafindan her okula,

273



ODEN i.M., iIKIKARDES N.Y.

her 6grenciye, her seviyede kitap basilarak gonderilmelidir. Etkinlik kitabi mutlaka
acik, anlasilir ve 68renci seviyesine uygun olarak hazirlanmasi 6nerilmektedir.

Se¢meli matematik uygulamalar1 dersinin matematik dersine biiyiik katkisi olacagi veli
tarafindan diisiiniildiiglinden, bu derse biiylik ilgi olmakta ve sonug¢ olarak simiflarin
kalabalik olmasi bir¢cok sikintiy1 dogurmaktadir. Boyraz ve Giigli’niin 2018’de
yayimlanan ¢alismasinda da dgretmenler programin amact dogrultusunda gidildiginde
dersin eglenceli bir ders oldugunu ve 6grencilerin matematige karsi tutumlarinin olumlu
yonde etkiledigini belirtmiglerdir. Matematik uygulamalar1 dersi segilirken yogun bir
ilgi oldugunu fakat degerlendirmenin notla yapilmasini olumsuz bulduklarini ifade
etmiglerdir. Ayrica 6gretmenler, siniflarin kalabalik olmasinin uygulamali bir dersin
islenisini zorlastirdigini dile getirmislerdir [17].

Ogrencinin matematik dersini veren dgretmen ile matematik uygulamalari dersini veren
O0gretmenin, ayni Ogretmen olmasi, Ogrencinin matematik eksiginin giderilmesi
acisindan daha yararl olacagi diisiiniilmektedir. Dolayisiyla derslerin verimli olmasi
acisindan okul idarelerinin zorunda kalmadik¢a seg¢meli matematik uygulamalari
dersine, Ogrencinin matematik dersi Ogretmenini gdrevlendirmesi Ogretmenlerce
Onerilmektedir.

Se¢meli matematik uygulamalar1 dersinde yer alan etkinlikler, 6zellikle de 5. Sinif ve 6.
Sinif dgrencilerinin okuyarak uygulayabilecegi tarzda etkinlikler degildir. Bu sebeple
dersi veren 0gretmenin daha etkin rol iistlenmesi, etkinligi verecegi drneklerle anlasilir
hale getirmesi gerekmektedir.

Se¢meli matematik uygulamalar1 dersini almak isteyen Ogrencilerin segilmesine 6zen
gosterilmelidir. Ogretmenler, derse kars1 ilgisiz ve isteksiz dgrencilerin bu dersi aslinda
istemediklerini, ailelerinin istegi lizerine zorunlu sectiklerini ifade etmektedirler.
Ebeveynler cocuklarimin matematik dersinde daha bagarili olmasini istemekte ve
cocuklarin1 se¢gmeli matematik uygulamalar1 dersine ydnlendirmektedirler. Sonugta
zorla bu dersi secen Ogrenci, derse karsi olumsuz tavir gostermekte ve verimli bir
calisma gerceklesememektedir. Bu nedenledir ki okul yoneticileri; velileri, cocuklarina
ders se¢iminde fikrini sormalar1 ve zorla ders sectirmemeleri konusunda uyarmalidirlar.
Ayrica se¢gmeli matematik uygulamalart dersini alan 6grencilerin siiflandiriimasi
yapilirken 6grencilerin matematik dersi not ortalamalar1 temel alinarak seviye gruplari
olusturulabilir. Bodylece smif i¢i seviye farkindan olusan smif i¢i kopukluklar
Onlenebilir. Ayrica dersin se¢imine miidahale eden velinin, dersin islenisine farkinda
olmadan yarattig1 olumsuz etkinin azaltilmasina yararl olacagi diisiiniilmektedir.
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Abstract
In this study, we consider Tzitzeica surfaces (Tz-surface) in Euclidean 3-Space E3. We
have been obtained Tzitzeica surfaces conditions of some surfaces. Finally, examples

are given for these surfaces.

Keywords: Tzitzeica condition, Tzitzeica surface, fundamental form, Gauss curvature.

Oklid-3 uzayindaki tzitzeica yiizeyleri iizerine

Oz

Bu calismada Oklid-3 uzayindaki Tzitzeica yiizeylerini incelendi. Bazi yiizeylerin
Tzitzeica yiizey sartlari incelendi. Son olarak bu yiizeyler i¢cin ornekler verildi.

Anahtar kelimeler: Tzitzeica sarti, Tzitzeica yiizeyi, temel form, Gauss egriligi.

1.Introduction

Gheorgha Tzitzeica, Romanian mathematician (1872-1939) introduced a class of
curves, nowadays called Tzitzeica curves and a class of surfaces of the Euclidean 3-
space called Tzitzeica surfaces. A Tzitzeica curve in E3 is a spatial curve x=x(s) with
the Frenet frame {T,N;,N,} and curvatures {kq,k,} which the ratio of its torsion k,
and the square of the distance d,;. from the origin to the osculating plane at an
arbitrary point x(s) of the curve is constant, i.e.,
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ks

2
dosc

=a (1

where d,,. = (N,, x) and a # 0 is a real constant, N, is the binormal vector field of x.

In [1], the authors gave the connections between Tzitzeica curve and Tzitzeica surface
in Minkowski 3-space and the original ones from the Euclidean 3-space.

A Tzitzeica surface in E3 is a spatial surface M given with the parametrization X(u,v)
for which the ratio of its gaussian curveture K and the distance d;,, from the origin to
the tangent plane at any arbitrary point of the surface is constant, i.e.,

K

=a; (2)
dean”

for a constant a; # 0. The ortogonal distance from the origin to the tangent plane is
defined by

dtan = (X,N) (3)

where X is the position vector of surface and N 1is unit normal vector field of the
surface.

The asimptotic lines of a tzitzeica surface with negative Gaussian curvature are
Tzitzeica curves [2]. In [3], authors gave the necessary and sufficient condition for
Cobb-Douglass production hypersurface to be a Tzitzeica hypersurface. In addition, a
new Tzitzeica hypersurface was obtained in parametric, implicit and explicit forms in

[4].

In this study, we consider Tzitzeica surface (Tz-surface) in Euclidean 3-space E3. We
have been obtained Tzitzeica surface conditions of some surface.

Let M be a regular surface in E3 given with the parametrization X (u, v): (u,v) € D
E%. The tangent space of M at an arbitrary point p = X (u, v) is spanned by the vectors
X, and X,,. The first fundamental form coefficients of M are computed by

(Xu, Xu)
(X, Xy) (4)
(X, Xp)

E
F
G

where (,) is the scalar product of the Euclidean space. We consider the surface patch
X(u,v) is regular, which implies that W? = EG — F? # 0.

The second fundamental form coefficient of M are computed by

e = (Xyu, N)
f= (Xuer> (5)
g = (Xyp) N)
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where, N is unit normal vector field of the surface. The Gaussian curvature are given by

_eg—f*

K_EG—FZ

(6)

2.Tzitzeica surfaces in E3

Definition 2.1 Let x:/ € R - [E? be a unit speed plane curve with curvatures k,(s) >
0. Ifthe curvature of x satisfies the condition

ki(s) = a. dosc2J (7)

for some real constant a # 0, then x is called planer Tz-curve, where d,s. = (n, x) and
n is the unit normal vector field of x.

Proposition 2.2 Let M be a regular surface in E3 given with parametrization

X(u,v) = (x(u, v),y(u,v),z(u, v)). (8)
Then M is Tz-surface if and only if

(eg — fAIEG — F?) = ay. (det(X, Xy, X,))* €))

Holds, where a; # 0 real constant and x(u,v),y(u,v),z(u,v) is differentiable
functions.

XuXXp .. :
Proof. N = ”X“—ix"” is unit normal vector field of the surface. By the use of equations
u v

(2), (3), (5) we get (9).

Proposition 2.3 Let M be a regular surface in E3 with the parametrization (8). If M is
Tz-surface then the equation

xuu yuu Zuu x‘U‘U y‘U‘U Z‘U‘U xuv yuv Zuv 2 X y Z 4
Xy Yu Zu | | *u Yu Zy | — | Xu Yu Zy =a|*u Yu Zu (10)
xU yU ZU xv yU ZU xv yU ZU XV yv ZU
holds, where a; # 0 real constant.
Proof: Considering together (4), (5), (6) and the unit normal vector field of M
X, xX, 1 il ;2 ;3 an
Ty — v -1 |tu u ul,
X< X0 wll
we have,
2
e —
k=91
EG — F?
_ <qu N)<an N) - <Xuv' N)Z
= Tz
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_ 1 X Xy X X, Hu XXy oy XuxX,,> X Xy XX, )2}
S WERUTM X, X XTI, X Xl Xy x Xl
1 1
= W T e et G X Xo) det(Hom, X Xo) = (det(Hup Xu, X1}
u v

xuv yuv Z’LL‘V 2
x‘I.l. y‘l.l. Z‘I.l.
x‘l? y‘U Z‘U

x‘l)‘l) y‘UU Z‘U‘U
xu yu Zu
x‘l) y‘V Z‘U

xuu Yuu Zuu
xu yu Zu
1 xU y‘U Z‘U

- s (12)
On the other hand
dtan = (X; N) ¥ ¥
u X v
= xX,V,zZ J—)
@y 2 < x
x y z
=—\|x, W 2z (13)
xU y‘U ZU

is obtained. Substituting fourth exponent of (13) and (12) into (2), we get the result.

Proposition 2.4 Let M be a regular surface in E* given with the parametrization (8).
Then M is Tz-surface if and only if the equation

a? (oyuXpy — xlzw) + bz(yuuyvv - yl%v) + CZ(Zuquv - Z&v)
+ab(xuuyvv + YuuXpy — quvyuv) + ac(xuuzvv + ZyuXyy — quvzuv)
+bc(yuuzvv + Zyulow — Zyuvzuv) = al(ax + by + CZ)4 (14)

holds, where

a(u' U) = YuZy — YvZy
b(u,v) = —x,z, + x,2,,
c(w,v) = XYy — XpYy

are differentiable functions and a; # 0 real constant.

Proof: The first and second derivatives of X are replaced by (4) and (5). By the use of
(2), (3), (6) we obtained (14).

Definition 2.5 The equation given by (14) is called the 7z-surface equations.

3. Tz-Monge surface

Definition 3.1 A Monge patch is a patch X: U c E? - E3 of the form

X(u,v) = (u, v, f(u, v)) (15)

where U is an open set in E? and f: U — R is a differentiable function [5].
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Theorem 3.2 Let M be a regular surface in E3 given with the parametrization (15).

Then M is a Tz-surface if and only if

4. = fuu-ﬁm _fuzv
bCufy—vfy + )

holds, where a; # 0 real constant.

(16)

Proof. Differentiating (15) with respect to u and v we obtain X,, = (1,0, f,) and X,, =
(0,1, f,,) respectively. We can find the coefficients of the first fundamentel form as

follows:
E=1+f%, F=f.f,, G =1+ f2.

The unit normal vector field of M is given by the following vector field;

1
N=—=-—(~fu—f,1).
”T?TE??TE?( fw =10 1)

The second partial derivatives of X are expressed as follows:

Xuu = (0'0' fuu) ’ Xuw = (O:O: fuv) ’ Xy = (0,0, fvv)

Using (18) and (19) we can get the coefficients of the second fundamental form

f uu f uv f‘;ﬂ‘lﬂ

e:— = —-— =

Substituing (17) and (20) into (6) we obtain the Gaussian curvature as follows:

— fuu-fvv - fuzv
A+ f2 +£7)?

Substituing (18) into (3) we obtain

_ufu - va +f

Consequently, by the use of (21) and (22) with (2) we get the result.

dtan -

Example 3.3 Let M be a Monge patch in E3 with given by parametrization

-3
X(u,v) = (u v%)
—-(3
Fan =y
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is a differentiable function substituing by differentiating the equation (23) into (16) we
obtain a; = — % which means that M is a Tz-surface.

4. Tz-Translation surface

Definition 4.1 A surface M defined as the sum of two plane curves a(u) = (u, 0, f(w))
and B(v) = (0,v,g(v)) is called a first type translation surface (is also known
translation surface) in E3. So, a first type translation surface is defined by the
parametrization

Xw,v) = (wv f(W)+ g). (24)
A surface M defined as the sum of two plane curves (which are not lines) a(u) =

(1,0, f(u)) and B(v) = (v, g(v),0) is called a second type translation surface in E3.
So, a second type translation surface is defined by the parametrization

Xwv)=(u+vgw),fwW) (25)
where fand g are smooth functions [6].

Theorem 4.2 Let M be a first type translation surface in E3 with given by
parametrization (24). Then M is a Tz-surface if and only if

_ fllgll
(—uf’ —vg' +f +9)*

a, (26)

holds, where a; # 0 real constant, f'and g are smooth functions, @ and f (which are not
lines) are non-regular curves.

Proof. Differentiating (24) with respect to u and v, we obtain X;, = (1,0, f') and X,, =

(0,1, g") respectively. We can find the coefficients of the first fundamental form as
follow:

E=1+4+f7% F=f.9, G=1+g" (27)
The unit normal vector field of M is given by the following vector field

_ f=g'D)

N . (28)
/1+f'2+g'2

The second partial derivatives of X are expressed as follows:

X = (0,0, 1), Xuw = (0,0,0), X =1(0,0,9"). (29)

Using (28) and (29) we can get the coefficients of the second fundamental form
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o=t . f=0, g=—2I (30)
/1+f’2+g’2 /1+f’2+g’2

substituing (27) and (30) into (6) we obtain the Gaussian curvature as follows:

A 31)

- (1+f7%+ g'z)2

substituing (28) into (3) we obtain

d,. = Cuf' —vg'+/+9) 32)

1477 +g7

Consequently, by the use of (31) and (32) with (2) we get the result.

Theorem 4.3 Let M be a second type translation surface in E3 with given by the
parametrization (25). Then M is a Tz-surface if and only if

_ flglfllgll
(—uf'g' —vf'g"+fg' +gf)H*

(33)

a;

holds, where a; # 0 real constant, f'and g are smooth functions, @ and f (which are not
lines) are non-regular curves.

Proof. Differentiating (25) with respect to u and v we obtain X;, = (1,0, ") and X,, =
(1,9g’,0) respectively. We can find coefficients of the first fundamental form as follow:

E=1+f7% F=1, G=1+g" (34)
The unit normal vector field of M is given by the following vector field

vo_Sf9fe) 35)

\/flzglz _I_flz _l_grz

The second partial derivatives of X are expressed as follow:
X = (0,0, "), Xuw = (0,0,0), X, =(0,9",0). (36)
Using (35) and (36) we can get the coefficients of the second fundamental form

. gf  f=o, g= f'g 37)

\/flzglz _I_flz _l_ng Jf/zglz +f/2 _l_g/Z

substituing (34) and (37) into (6) we obtain the Gaussian curvature as follows:
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K:( 2 Cfgzg > (38)
fl gl _I_fl _I_gl

Substituing (35) into (3) we obtain

—u+v)f'g'+f9+9'f
\/flzglz _l_flz +g12

dtan -

(39)

Consequently, by the use of (38) and (39) with (2) we get the result.

Corollary 4.4 Let M be a first type Tz-translation surface in E3 with given by the
parametrization (24). If a(u) and S (v) are non-geodesic planar Tz-curves then

fllgll
a1 = % (4‘0)

F JT

T+

Va2 a1+ g?)s

holds, where a; # 0 real constant, a, and ag are planar Tz-curve constants of a and f3
curves respectively.

Proof. If a(u) and B(v) are non-geodesic planar Tz-curves then by the use of (7) and
dosc = (Ny, x) equality, we get
g = / (41)

L+ fr2(-uf' + f)?

and

14

ay = g (42)

149" (-vg' + g)?

substituing (41) and (42) into (26) we get the result.

Corollary 4.5 Let M be a first type Tz-translation surface in E3 with given by
parametrization (24). Let a(u) and B(v) are non-geodesic planar Tz-curves. If

2 2 1 1
(1+f )(1+g’)=A.(4+A)+Z(4+Z>+6 (43)
then that is
Aq.Ag = Qg (44)
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where

Vi

= 4
—vg'+g (45)

a, and ag are planar Tz-curve constants of a and f3 curves respectively and a; is Tz-
surface constant of the first type Tz-translation surface.
Proof: By the use of the equation (41) and (42) we get

fII gll

1+ f2(—uf' + )2 |1+ g% (-vg' + g)?

agy- aﬁ = (46)

Substituing (43) and (45) into (46) we get the equation (26). Thus the proof is
completed.

5. Tz-factorable surface

Definition 5.1 A surface M in E3 is called factorable surface if the parametrization of M
can be written as

X(u,v) = (u, v,f(u).g(v)) (47)
or
X(w,v) =(f@w).g)uv) (48)
or
X(wv) =@ fw.g(),v) (49)

where f and g are smooth functions. The Factorable surfaces in the Euclidean Space,
the pseudo Euclidean Space and Heisenberg group have been studied in [7-10].

Theorem 5.2 Let M be a regular surface in E3 given by the parametrization (47), (48)
and (49). Then M is a Tz-surface if and only if

0 = Sf"99" ~ (')
b (-uf'g—vfg' +fo)t

(50)

holds, where a; # 0 real constant, fand g are smooth functions.

Proof. Differentiating (47), (48), (49) with respect to u and v, we can find the
coefficients of the first and the second fundamental forms with (4) and (5). Substituing
(3) and (6) into (2) we get the result.

Example 5.3 Let M be a Monge patch in E3 with given by the parametrization
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X(u,v) = (u, v, %) )

f(uw) =% and g(v) =% are differentiable functions. Substituing by differentiating

equations f'and g into (50) we obtain a; = 2—17 which means that M is a Tz-surface .

6. Tz-spherical product surface

Definition 6.1 Let a,B:R — E? be two Euclidean planar curves. Assume a(u) =
(fi(w), f,(w)) and B(v) = (g1(v), g,(v)). Then their spherical product immersions is
given by,

X=a@®pB:E*->E3

X(w,v) = (f1(u):f2 wWg: ), /(W) g, (17)) ) (51)

Uy <u<U,V, <v <V, which is a surface in E3 [11,12].

Theorem 6.2 The spherical product surface patch X(u,v) = a(u) ® B(v) of two
planar curves a and f is a Tz-surface if and only if

o = S~ fi£:)(9195 — 9197)
YRS - )4 (9195 — 9192)°

(52)

holds, where a; # 0 is real constant.
Proof. Differentiating (51) with respect to « and v, we obtain X,, = (f{, f2 91, f2 92) and

X, = (0, f,91, f>92) respectively. We can find the coefficient of the first fundamental
form as follow:

E=f?+£%92+9D).F = f2£5(9:9, + 9295).G = f2(g* + 93%) (53)

The unit normal vector field of spherical product surface path is given by the following
vector field

(f2(9192 — 9192), —f192 f191)

N = : (54)
\/fl’z(g{z +95°) + £37 (9,95 — 9192)°

The second partial derivatives of X are expressed as follows:

Xuw =i, 1291 f2'92)  Xuw = (0, f291, 292), Xow = (0, 291, 297 (55)

Using (54) and (55) we can get the coefficient of the second fundamental form

(fi'f2 — fif2)(9192 — 9192)

e =
\/fl’z(g{z +95%) + £32(9195 — 9.92)*
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f=0 (56)
fif2(9192 — 9192

g= .
\//‘1’2(912 +95°) + £, (9195 — 9492)*

Substituing (53) and (56) into (6) we obtain the Gaussian curvature as follows

mn_r

_ (fi'fa — 1209192 — 9192)f1 (9197 — 91 92)

Kk 12 12 12 12 ’ ’ 2 (57)
(" (91" + 95°) + £, (9195 — 9192)?)
Substituing (54) into (3) we obtain
(f1fs — fif2)(9192 — 9192) (58)

dean = .
[2 Vi 2 14 2 IZ 4 !
\/f1 (91 + 9 ) +1,°(9192 — 9192)*
Consequently, by the use of (57) and (58) with (2) we get the result.
Corollary 6.3 Let X(u,v) = a(u) @ B(v) be the spherical product surface patch of

two planar curves given with the parametrization (51). If a and B are unit speed curve
then that is

@ = —fikiakip
! LUAf — A 12)*(9192 — 9192)3

(59)
where ki, = (fi'f; = fifs") and kip = (9193 — 9197) are curvatures of a and B
curves, respectively.

Example 6.4 Let a,:R — E? be two Euclidean planar curves. Assume a(u) =
(fi(w), ,(w)) = (coshu,sinhu) and BW) = (g9,(v), g.(v)) = (coshv, sinhv).
Then the parametrization of spherical product surface M is given by

X(u,v) = (coshu,sinhu coshv,sinhusinhv) .

Substituing the first and second derivatives of f;(u), f2(u), g1(v), g>(v) into (52), we
obtain a; = —1 which means that spherical product surface M is a Tz-surface .

Example 6.5 Let a and B be two Euclidean planar curves. Assume a(u) =
(cos(c +u),sin(c+u)) and B(v) = (sin(c; + v),cos(c; + v)). Then the
parametrization of spherical product surface M is given by

X(u,v) = (cos(c +u),sin(c + u) sin(c; + v),sin(c + u) cos(c; + v)) .

By using (59) we obtain a; = 1 which means that spherical product surface is a Tz-
surface.
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7. Tz-surface of revolution

Definition 7.1 Let a,:R — E? be two Euclidean planar curves. Assume a(u) =
(fi(w), f,(w)) and B(v) = (cosv,sinv). Then their spherical product immersion is
given by

X(u,v) = (i), f(w) cosv, f,(u) sinv) . (60)

The spherical product immersion given by the parametrization (60) is called surface of
revolution.

Theorem 7.2 Surface of Revolution given by the parametrization (60) is a Tz-surface if
and only if

_ HW'H-AE
Hafs — A2+ £7)

a, (61)

holds, where a; # 0 is real constant.
Proof. Differentiating (60) with respect to u and v, we obtain X, =

(f{, f2 cosv, f, sinv) and X, = (0, —f, sinv, f, cos v) respectively. We can find the
coefficient of the first fundamental form as follow:

E=fi"+f", F=0, G=f (62)

The unit normal vector field of surface of revolution is given by the following vector
field

N = (f;,—f{ cosv,—f{ sinv). (63)
The second partial derivatives of X are expressed as follows

Xuuw = (f{', f2 cosv, f,' sinv)

Xy = (0,—f; sinv, f, cosv) (64)
Xy = (0,—f, cosv, —f, sinv)

Using (63) and (64), we can get the coefficients of the second fundamental form
e=f'f;—fif2, f=0, g="fifa (65)

substituing (62) and (65) into (5) we obtain the Gaussian curvature as follows

o FGE — LD

66

LU+ ) (66)
Substituing (63) into (3), we obtain

dian = fifz = fif2 - (67)
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Consequently, by the use of (66) and (67) with (2) we get the result.

Example 7.3 Let a(u) = (coshu,sinhu) and f(v) = (cosv,sinv). Then the surface
of revolution is given by the parametrization

X(u,v) = (coshu,sinhu cosv,sinhusinv).
By the using (61), we obtain a; = 1 which means that X is aTz-surface.
Corollary 7.4 If a(u) = (f;(w), f,(w)) is unit speed curve then that is a; =

—_,fz — where a; # 0 is real constant.
fZ(flfz_f1f2)

8. Tz-ruled surface

Definition 8.1 A ruled surface is a surface that can be swept out by moving a line in
space. It therefore has a parametrization of the form

X(u,v) = a(u) + vy(w) (66)

where a(u) is called the ruled surfacee directrix (also called the base curve) and y(u) is
the director curve and a'(u) # 0.

Theorem 8.2 If ruled surface given with the parametrization (66) is a Tz-surface, then
that is

B —(det(o:’,y',y))2
1= %
(det(ar Y; Xu))

(67)

where a; # 0 is real constant.

Proof. Let a(u) = (x;(w),y;(w), z;(w)) and y(u) = (x,(w), y,(w), z,(w)). Then, we
obtain

X(w,v) =al) +vy(u)
= (x1 (W) + v (W), y1 (W) + vy, (W), 21 (W) + vz, (W))
= (x(wv), y(w,v),z(w,v)). (68)

By using (10), we get the result.

Example 8.3 Let a(u) = (cosu,sinu,0) and y(u) = a’'(u) + e3 where e; = (0,0,1).
Then the parametrization of the ruled surface X is given by

X(u,v) =al) +vy(u)

= (cosu,sinu,0) + v((— sinu,cosu,0) + (0,0,1))

= (cosu —vsinu,sinu + vcosu,v). By using (67), we obtain a; = —1
which means that X is a Tz-surface.
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Abstract

In the present work, a new macrocycle materials (SB77) was selected and Langmuir-
Blodgett thin films of this macrocycle compounds were examined for its vapor sensing
capabilities against vapor of aromatic BTX hydrocarbons (benzene, toluene, xylene)
through Quartz Crystal Microbalance (QCM) technique. In accordance with this aim,
the calix[4]arene LB thin films were prepared onto quartz crystal substrates. The
characterization of SB77 LB thin film was performed for nine LB layers fabricated onto
the quartz crystal. The frequency shifts and the mass changes for monolayer of these LB
thin films were obtained as 32.35 Hz / per layer and 2206.65 ng (8.32 ng mm™),
respectively. All QCM results indicated that SB77 LB thin film chemical sensors
exhibits high response, a good sensitivity and selectivity for benzene vapor at saturated
or different concentrations than other aromatic hydrocarbon vapors. These LB thin film
sensors with SB77 calix [4]arene macrocycle materials have been potential candidates
for organic vapor sensing applications with simple and low cost preparation at room
temperature.
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ZEYBEK et al.

Aromatik hidrokarbonlarin dedekte edilmesi i¢in kaliksaren bazh
diamid kimyasal sensor ¢iplerinin gelistirilmesi

Oz

Sunulan ¢alismada, yeni kaliks[4]aren bazli diamid makrosiklik malzemesi (SB77)
sensor malzemesi olarak segildi ve bu makrosiklik bilesiklerin Langmuir-Blodgett (LB)
ince filmlerinin, aromatik hidrokarbon (benzen, toluen, ksilen)buharlarina karsi buhar
algilama kapasiteleri Kuartz Kristal Mikrobalans (KKM) teknigi ile arastirimistir.
Belirtilen amag ile uyumlu olarak, kaliks[4]aren LB ince filmler kuartz kristal yiizeyler
tizerinde hazirlanmigtir. SB77 LB ince filmlerin karakterizasyonu kuartz kristal yiizey
tizerine tiretilmis 9 LB tabaka icin gerceklestirilmistir. Bu LB ince filmlerin her bir
tabaka i¢in frekans degigimleri ve kiitle miktari degisimi sirasiyla 32.35 Hz / tabaka and
2206.65 ng (8.32 ng mm™) olarak elde edilmistir. Biitiin QCM sonuglari, SB77 LB ince
film kimyasal sensorlerin benzer buharimin doymus ve farkl konsantrasyonlarda diger
aromatik hidrokarbon buharlarina gore yiiksek tepki, iyi bir hassasiyetlik ve segicilik
sergiledigini gostermistir.SB77 kaliks[4]aren makrosiklik malzemesi, oda sicakliginda
basit ve diigiik maliyet ile hazirlanmasi ile organik buhar dedekte etme uygulamalari
icin potansiyel aday olmaya sahiptir.

Anahtar kelimeler: Kaliksaren bazli diamid, LB ince film, kimyasal sensér, KKM.

1. Introduction

Benzene, toluene and xylene (BTX) which is known as aromatic hydrocarbons widely
found in industrial environments are highly toxic in nature. These aromatic
hydrocarbons are commonly involved in some daily use products like thinners, cleaners,
lubricants, degreasers and liquid fuels [1-3]. With rapid absorption by the human
system, these aromatic hydrocarbons cause severe effects such as skin dehydration,
dermatitis and defeating, along with much more important and long-term risks like
carcinogenicity, leukemia and lymphomas [4]. For the minimizing of volatile organic
compounds (VOCs) such as BTX damages on our health it is important to detect the
amount of VOCs in our daily life using VOC sensor which is highly sensitive and
selective. The selection of a suitable sensor element (host molecules) is very important
during improve to chemical sensor in terms of potential interactions with guest species

[5].

The use of macrocycle molecules in the field of sensing applications has several
advantages because of cyclization structural organization and their unique cavity-size
for host-guest interaction, binding affinity and selectivity [6, 7]. Some important
macrocycle molecules used for sensing applications can be given as cyclodextrins,
porphyrins, crown ethers and calix[n]arenes. Among these macrocycle molecules,
calix[n]arenes are preferred as sensor chip element in the presented study. These
macrocycle calix[n]arene molecules have been generally worked for various sensing
applications for host-guest [8, 9], hydrogen bonding [10], dipole-dipole [11], n-n
interaction [12, 13] mechanisms.

In this research, a new chiral calix[4]arene macrocycle material was selected as a
chemical sensor element. The calix[4]arene based diamide chemical sensor was
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prepared by using LB thin film technique. QCM technique was preferred to investigate
the characterization of SB77 calix[4]arene LB thin film and its sensing properties
against to pollutant BTX aromatic hydrocarbon vapors. All experimental results
demonstrated that the SB77 monolayers were uniformly picked up at the air-water
interface and these very uniform arrangements were transferred onto the quartz crystal
to be formed as LB layers. SB77 materials displayed a reproducible and fast response
to benzene vapor and so presented promising outputs in the detection of pollutant
aromatic hydrocarbon vapors.

2. Experimental details

2.1 The procedure of SB77 LB thin film preparation

The 3D chemical structure of SB77 molecule was presented in Figure 1. The synthesis
process of this material is detailed and reported in previous study by Bozkurt et al. [14].
In this study, 1.75 mg mL"' concentration of SB77 and chloroform solution was
smoothly spread on cleaned pure water to search the behavior of SB77 molecules
floating on the water surface which were achieved via LB trough (Model 622-NIMA).
A temperature control unit and the microbalance sensor were fixed to this trough in
order to control the temperature of pure water and surface pressure, respectively. The Y
type (the selected deposition type) SB77 LB thin films were prepared with fixed value
of surface pressure at 26 mN m!, and all measurements were fixed at room temperature.

OHH/\
i‘NH
HM TO
(9]
o

NH

OT
0 OH OH

Figure 1. The chemical structure of SB77 materials. Inset: Ball-and-stick model
representation of SB77 structure.

-'"f.',-‘,‘

ey
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2.2 QCM technique

QCM measurement technique was preferred to examine both the preparation of the
SB77 LB film layers and search the chemical vapor sensing properties of the SB77
calix[4]arene based diamide sensor chip with subjected to the pollutant aromatic
hydrocarbon vapors. An oscillating circuit (a home-made designed) and quartz crystals
(oscillation frequency of 3.5 MHz) were employed for the controlling of SB77 LB thin
films’ homogeneity and all kinetic measurements. QCM measurement technique,
which was developed by our group, is presented in Figure 2. The performance of SB77
LB thin film sensor was fixed by using microliter syringe. In addition, a special vapor
cell was developed to offer a suitable media for interactions between sensor molecule
and vapor molecule. The SB77 sensor chip was subjected to pollutant vapors for 120
seconds, and then this chip was subjected to dry air for recovery process, periodically.
The change in resonance frequency of QCM sensor was recorded as a function of time
in the course of the interaction between the molecules of SB77 sensor and pollutant
vapor. This performance, which is known as host-guest interaction, was took place with
the pollutant aromatic hydrocarbon vapor entered into the special designed vapor cell at
saturated or different concentration (the volume varied between 1 and 5 pL).

Computer Kinetic measurements LB film coated
quartz crystal

Vapor out

Vanor i
< s (Dry air in)

Syringe pump

L )

;‘j\
=5 i
—— = \\'apor out

Vapor in

Frequency counter

g, N - augs | | i~ S
Glass utensil———— >

T e N o

|

Figure 2. VOCs sensing measurement technique (A home-made QCM).

3. Results and discussion

3.1 The process of SB77 LB thin film fabrication and characterization

SB77 LB thin films were prepared onto quartz crystal substrates using LB deposition
process of Y-type. The surface pressure (26 mN m™) fixed stable by utilizing the
movable barrier (under the certain deposition conditions) to obtain the deposition graph
of SB77 monolayer film from surface to solid substrate up to four layers (Figure 3).
This graph displays that the each layer was successfully transferred by considering and
calculating of the transfer ratio for deposited layers [15, 16]. It can be estimated that SB
77 is a preferable macrocyclic materials for the fabrication of organized LB thin films
from the high value (calculated as > 91%) of transfer ratio. In this presented work, the
SB77 LB films were prepared in a symmetrical mode which is known as Y-type. The
molecules were successfully arranged both tail-to-tail and a head-to-head forms onto
suitable substrates (given in Figure 4).
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Figure 3. Transfer graph of SB 77 on quartz crystal.
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¢ the first layer

the calix[4]arene monolayer 2 deposition
WPNP NP N DY L
Water —_ Water
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O the second layer
deposition

L Water Water —

Figure 4. The process of Y-type LB film deposition for SB77 calix[4]arene.

The preparation of the SB77 LB films (for nine layers) onto quartz crystal substrate is
presented in Figure 5. The resonance frequency change of quartz crystal can be
illuminated in terms of the SB77 LB layer mass shift. A linear relationship was
observed from the Figure 5 and it can be explained that nearly equal mass was
transferred on the quartz crystal for per layer in the course of SB77 thin film fabrication.
From the curve of the plot given in Figure 5 the frequency change for per bilayer of
SB77 LB thin films was obtained as 32.35 Hz. Also, by using equation of Sauerbrey

[17], the deposited mass on the quartz crystal was determined as 2206.65 ng (8.32 ng
mm?) for monolayer.
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Figure 5. The mass shift of SB77 calix[4]arene based diamide LB film on the quartz
crystal.

3.2 Chemical sensing properties of SB77LB thin film

The kinetic response of the QCM chemical sensor is measured, after depositing the
SB77 LB films on the quartz crystal. The response-time figure for SB77 films under
exposure of benzene, toluene, and m-xylene vapors are presented in Figure 6. It can be
generally mentioned that chemical sensor measurements were performed in three steps
(adsorption, diffusion, and desorption). Before the adsorption process started, SB77 LB
film chemical sensor had exposed to fresh air for 120 s. Whenever the first interaction
occurs between SB77 chemical sensor and the harmful vapor, the response of SB77
chemical sensor increases (Af decreases) rapidly due to the surface adsorption effect
(between ~120. s and 125. s). When the harmful organic vapor molecules are moved
into the SB77 thin film, the response decreases gradually because of bulk diffusion
effect. This interaction between host-guest molecules is called a dynamic process. In
this process, adsorption and desorption occurs simultaneously. Then, the kinetic
response of SB77 chemical sensor reaches the fixed value and it can be explained that
the amount of the adsorbed and the desorbed molecules is approximately equal. At 240
s, the fresh air is moved to the surface of SB77 chemical sensor to observe whether the
response value of chemical sensor returns to the initial value or not.
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Figure 6. The frequency shift of SB77 calix[4]arene based diamide sensor against
aromatic hydrocarbon vapors.

Figures 7-9 present the kinetic response of the SB77 chemical sensor chip for benzene,
toluene and m-xylene with the described values as 20 %, 40 %, 60 %, 80 %, and 100 %
at different concentrations of BTX wvapors. These organic vapors at different
concentrations were subjected to the SB77 chemical sensor for 2 minutes during
exposure. When the concentration of the percentage increased, the resonance frequency
change of SB77 chemical sensor increased proportionately. Accordingly, the large, fast
and reversible responses were observed to BTX vapors utilized in QCM kinetic
measurements.
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Figure 7. The frequency shift of SB77 calix[4]arene based diamide sensor for benzene
vapor.
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Figure 8. The frequency shift of SB77 calix[4]arene based diamide sensor for toluene
vapor.
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Figure 9. The frequency shift of SB77 calix[4]arene based diamide sensor for m-xylene
vapor.

The changes in the kinetic response (Af) were obtained to increase in turn benzene >
toluene > m-xylene for the SB77 chemical sensor. This obtained ranking can be
interpreted in terms of the vapor pressure and molar volume of BTX vapors [18]. The
values of molar volume are known as m-xylene (122.00 cm® mol™!) > toluene (107.10
cm’ mol ') > benzene (86.36 cm? mol ™). While the other organic vapor molecules can
difficultly penetrate into SB77 thin film, benzene molecules can easily diffusion into the
same film because of its low molar volume. The effect of vapor pressure at room
temperature supported to the kinetic response of SB77 QCM sensor chip against to
BTX. The values of the vapor pressures are ordered as benzene (9.95 kPa) > toluene
(2.91 kPa) > m-xylene (0.80 kPa). As a result, benzene molecules, due to its low molar
volume and high vapor pressure, can easily infiltrate into SB77 calix[4]arene based
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diamide nano films when compared with the guest molecules of other aromatic
hydrocarbon vapors.

3. Conclusions

This presented work illuminated that SB77 calix[4]arane materials could be easily
deposited onto quartz crystal substrates, thus preparing an chemical sensing element.
Linear relationships obtained from the figure of the mass shift indicated that SB77 LB
films could be homogeneously prepared for using as sensor chip. Vapor sensing
properties of SB77 sensor chip against three pollutant vapors (benzene, toluene, and m-
xylene) were examined with the QCM technique. The results of these measurements
demonstrated that the kinetic responses in terms of Af were found to increase in the
order benzene > toluene > m-xylene for the SB77 chemical sensors. Consequently,
SB77 calix[4]arene based diamide can be developed as a potential sensor chip for
improving of chemical sensing devices.
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Abstract

Graphs have applications in all areas of science and therefore the interest in Graph
Theory is increasing everyday. They have applications in Chemistry, Pharmacology,
Anthropology, Biology, Network Sciences etc. In this paper, Graph theory is connected
with algebra by means of a new graph invariant Q) and define triangular graphs as graphs
with a degree sequence consisting of n successive triangular numbers and use Q) and its
properties to give a characterization of them. We give the conditions for the realizability
of a set D of n consecutive triangular numbers and also give all possible graphs for 1 <
t<4.

Keywords: Omega invariant, degree sequence, triangular number, triangular graph.

Ucgensel sayilar ve graflar

Oz

Tiim bilim dallarindaki grafik wygulamalari Graf Teoriye olan ilgiyi her giin
arttrmaktadir. Kimya, Ilag Sanayi, Fizik, Biyoloji, Sosyal Bilimler, Antropoloji ve
Bilisimdeki uygulamalarin yaminda Graf Teori ile Matematigin diger alanlar: arasinda
yvakin bir iligki vardwr. Ardisik n iiggensel say1 koge mertebeleri olmak iizere elde edilen
graflar  iicgensel  graflar  olarak  tammlanmaktadir.  Ucgensel  graflarin
smiflandiriimalarini vermek igin Q invaryanti ve ozellikleri kullanilmaktadir. Ayrica n
ardisik iicgensel sayidan olusan bir D kiimesinin bir graf olarak ¢izilebilmesi icin gerek
ve yeter sartlar belirlenmis ve 1 < t < 4 icin tiim olasi durumlar siniflandiriimistir.

Anahtar kelimeler: Omega sabiti, derece dizisi, iicgensel say, tiggensel graf.
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1. Introduction

We assume that G = (V,E) is a graph having n vertices and m edges. The largest vertex
degree in a graph is usually denoted by A. Let u and v be two adjacent vertices in G. The
edge e connecting these vertices will be denoted by e = u. v and u and v are adjacent and
e is incident with the vertices # and v. If there is a path between every pair of vertices,
then the graph is connected, and disconnected if not. An edge connecting a vertex to itself
is called a loop, and at least two edges connecting two vertices will be called multiple
edges.

A degree sequence is

D = {1(611), 2(a2)’ 3(a3)’ o A(aA)},

where some of a;'s could be zero. Let D = {dy,d,, ds,...,A}. If the degree sequence of
a graph G is equal to D, then D is realizable and G is called a realization.

There is a lot of special and famous number sequences and one of them having
geometrical meaning is the triangular numbers. A triangular number is denoted by T,

and it is the sum of the first n positive integers. The first few members of this sequence
are 1, 3,6, 10, 15,21, 28, ... Itis well known that T,, = @ Triangular numbers have

a lot of properties. For example,

Lemma 1.1. The sum of the first » triangular numbers satisfy the following equality:

nn+1)(n+2)

6 ) (D

n —
i=1 1 =

Lucas graphs are defined as graphs with all the vertex degrees are consecutive Lucas
numbers. In [5], the existence conditions for all Lucas graphs have been determined. In
[7], the same search is done for Fibonacci numbers. Similarly, a triangular graph is a
graph with vertex degrees being successive triangular numbers. We shall look for the
existence of triangular graphs. We shall study the existence of triangular graphs.

2. Q Invariant

In [1], a new graph invariant Q(G) or Q(D) was defined for a given graph G or for a
realizable degree sequence D having a realization G as follows:

Definition 2.1. Let D = {1(@),2(a2) 3(as)  A(@)} pe a realizable set. The Q(D) of
this degree sequence is

QD) =az;+2a,+3as+-+(A—-2)ay—a; = ZiA=1(i —2)a;. 2
For convenience, the omega invariant of a realization G of D is also denoted by Q(G).
Some properties of Q can be found in [1,2,3,4,6]. We recall some very important

properties of it here.

Theorem 2.1. [1] For a graph G,
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Q(G) =2(m —n). 3)

The cyclomatic number of G is the number 7 of cycles and it can also be given by means
of Q(G):

Theorem 2.2. [1] Let D = {1(“1), 2(az) 3(as) .,A(aﬂ)} be a realization of a graph G
having ¢ components. Then r is

r= Q(G)
2

+c. 4

In [5], the highest number of components of D is given as

Cmax = Z a; + Z a;. 4

A mmnnnn A ~Aaa

3. Existence conditions for triangular graphs

We now determine the conditions for the existence of graphs having n consecutive
triangular numbers as the vertex degrees. We solve this problem by the graph invariant
omega and related results given in [1].

As we shall use several special classes of graphs with one, two, three or four vertices in
our proofs and illustrations, we need to introduce these classes first. A graph having ¢
loops at one vertex is shown by L. For positive integers 7,s, B, s denotes the graph with
r and s loops at its vertices. A connected graph with three vertices u,v,w with degrees
2a+1,2b + 2 and 2c + 1 is a graph consisting of a path P; = {u,v,w} such that a
loops are incident to u, b loops are incident to v and ¢ loops are incident to w and denoted
by T, p . Finally, a connected graph having four vertices u,v,w,z with degrees 2a +
1,2b+ 2,2c¢ + 2 and 2d + 1 is a graph denoted by Qg p 4 consisting of a path P, =
{u,v,w, z} where a loops are at u, b loops are at v, ¢ loops are at w and d loops are at z.

"r[k]" means that k loops are attached to a new vertex on one of the » loops incident to
other vertices. "r[kq, k,,. . ., k:]" similarly means that k; loops are attached to a loop of
degree r at a new vertex, k, loops are attached to another loop of degree r at another
vertex and k; loops are attached to another loop of degree r. Finally, the notation
"rlkq, k. . ., k:]" means that k; loops, k, loops and k; loops are attached to the same
loop at some new vertices. Bj[3)1, Ba[31)1 and Ty[3;1),1 corresponds to graphs shown
below:

B B B

Figure 1. The graph By3)1 Figure 2. The graph By[31),1  Figure 3. The graph (3,171

3.1. Triangular graphs of order 1
First, we study the existence of a graph with only one vertex having degree equal to a
triangular number. Naturally, this is the simplest case. Recall that the triangular numbers
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follow the rule odd, odd, even, even, odd, odd, even, even . ... That is, if the index of a
triangular number is 1 or 2 in modulo 4, then it is odd, otherwise it is even. Therefore
only the triangular numbers T3, Ty, T, Tg, T11, T12,- - - are even. Therefore, to have the
required graph of order one, the degree of the unique vertex must be one of these
triangular numbers. Hence we showed

Theorem 3.1. A graph G of order 1 is a triangular graph iff the unique vertex has degree
T4k +3 or Ty for some natural number k.

3.2. Triangular graphs of order 2

Next, we study the case of two successive triangular numbers as vertex degrees of a
triangular graph. That is, we want to determine which sets of two consecutive triangular
numbers are realizable as graphs. According to the parity rule mentioned just above, the
degree sequence of such a graph could have two consecutive odd triangular numbers or
two consecutive even triangular numbers. That is the vertex degrees of such a graph must
be either Ty, 41 and Typ4o OF Tyry3 and Typ 44 for some natural number k. Hence such a
graph must have the degree sequence

= (7@~
D= {T4k+1' T4k+2}
or

D= {Tzfiisjﬂfz?ﬂ}-

Therefore the omega invariant of any realization of such a degree sequence would be
either

QG) = (Typq1 —2). 1+ (Typ42 — 2). 1 = Typqq + Typiz — 4 (6)
or
QG) = (Typyz — 2). 1+ (Typ4a — 2). 1 = Typiz + Tapa — 4, (7)

respectively. In this case, the number $r$ of the faces of a connected realization is

r= Q(ZG) +1= T4k+1+§4k+2_4 +1= T4k+1+§4k+2_2 (8)

in the former case and

Q(6) Tarrs+Tarsa—4 Tarers+Taksa—2
r = - + 1 _ 14k+3 24k+4— + 1 — 4k+3 24k+4— (9)

in the latter case. Since both vertices are of odd degrees, there is only one connected

graph.
In general, we have proved the following fact:

Theorem 3.2. A graph G of order 2 is a triangular graph iff both vertices have odd
degrees T4y 41 and Typ 4, or even degrees Ty 43 and Ty 44 for some natural number £.
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To illustrate the former case, if we take T;=1 and T,=3, then we would have the graph in
Figure 4:

Figure 4. The graph B ;.

As easily seen, this connected graph has only one face which coincides with the first
formula for » and it is B ;.

As the second possible example of the former case, we take Ts = 15 and Tg = 21. In this
case, we have a unique connected graph B; ;o with 17 faces as Figure 5.

Figure 5. The graph B 1.

If we take the triangular numbers Tq and Ty, we get the graph B, ,, with 49 faces. We
can see it in Figure 6.

Tio =55

Ty =45

Figure 6. The graph B,; 7.
Now we consider the latter case. Recall that the maximum number of components is

1
Cmax = Zdi even @i T 7Zdi odd 4i = (T4k+3 + T4k+4)- (10)

Therefore there are two possible graph realizations one of which is a connected graph and
the other one is a disconnected graph. As an example, for T3 = 6 and T, = 10, the former
graph is Lr,/, U Ly, /, and the latter one is Lg[z) or Lg[4), see Figure 7 and Figure 8.

X, >

R 'r.3 — ()
Figure 7. The graph Lr,,, U Ly, /5.

This graph is disconnected and named as Ls U L3 . Because of two components, we have
10+6—4

+ 2 = 8 there are eight faces. The connected realization is Ls[,) given in
Figure 8:
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Figure 8. The graph L.

10+6—4

Asr = + 1 = 7, there are seven faces.

Secondly, for T, = 28 and Tg = 36, there is one disconnected graph realization given in

Figure 9:
T, =28 .,j_§ de
Figure 9. The graph Lz, /, U Lz, /5.
28+36—4 . ..
As r = ———+ 2 = 32, there are 32 faces. In this case, there is just one connected

graph Lyg[y3) or Ly4(17) as in Figure 10:

Ty

Figure 10. The graph L;g[;3;.

Herer = %zﬂ + 1 = 31 implies that there are 31 faces.

3.3. Triangular graphs of order 3

Next, we study the triangular graphs of order 3. In such a graph, we must have an even
sum of vertex degrees. So according to the parity rule of the triangular numbers, we have
exactly two possibilities:

_ (@ @ @
A) Let D = {T0),, TS0, Tis ). Then

QD) = (Tyxs1 —2). 1+ (Tappz — 2)- 1+ (Typyz — 2).1
= [Tyks1 + Tags2 + Ta43] — 6 (1T)

Because of the fact that two of the vertex degrees are odd and the third one is even, we
find the maximum number of components of any realization of this degree sequence as

1 1
Cmax = Z ai+?zai=1+z(1+1)=2. (12)

d; even d; odd

That is, any realization of D is either connected or can have two components. In this
situation, there are te following cases to consider:
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In the first case, there are two possible connected realizations. To illustrate this case, let
us takeT; = 1,T, = 3,T; = 6. In Figure 11 and Figure 12, the two connected graphs are
shown:

and

Figure 12. The graph T ;.

This graphs can respectively be denoted by Ty q;) and Ty,;. Here, because of

) 6
connectedness, we obtain r = + 1 = 3, so there are three faces.

There is also one disconnected realization in this case which is given in Figure. 13:

Figure 13. The graph By ; U L.

This graph can be denoted by By ; U L3 and it has r = OrBAT78 L 2 = 4 faces.

For the second possibility, take Ts = 15,T¢ = 21,T, = 28. In this case, we find that
there are four realizable graphs for these vertex degrees. Three of them are connected

and the last one is disconnected. The connected graphs are shown in Figure 14, Figure
15 and Figure 16:

Figure 14. Figure 15. Figure 16.

These graphs can respectively be denoted by Tr.-17,-27,-1, TTS—I[T7—2] Tg—1)
Trg-1 T6—1[T7—2] and for these connected graph realizations, the number of faces is
2 ' 2 P2
r = % + 1 = 30.

The unique disconnected realization is in Figurel7:
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T, =21 T, =28

Tr‘ =15

Figure 17. The graph B7,10 U L14_.

Q(G) Ts+Te+T7—6

This graph can be denoted by B; 19U L4 and has r = ——+ 2 = . +2 =31

faces.

B) If we take the degree sequence consisting of three succesive triangular numbers as
1 @O @

D= {T4k 'T4k+1'T4k+2} then

QD) = (Tyx — 2). 14 (Tygq1 — 2). 1+ (Tapq2 — 2). 1. (13)

In this case, a careful examination shows that there are three connected graph realizations
and one disconnected realization.

To illustrate this case, let us take three succesive triangular numbers as T, = 10,Ts =

15,T¢ = 21. The connected realizations are T 410, B7[4)10 \ and By 1014 and the
disconnected realization is By 19 U Ls. These graphs are illustrated in Figure 18 - Figure

B I

Figure 18. The graph T 4 1.

Te =21
Ty =10 g:%” %

Figure 19. The graph B7[4]10

Ty =21

T, =10

Figure 20. The graph B7 19[4
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Tr, =15
: T, =10

Figure 21. The graph B; 19 U Ls.
Hence we have proved the following fact:

Theorem 3.2. A graph G of order 3 is a triangular graph iff the degrees of the three
vertices are either Tyy, Tar+1 and Typyo OF Tart10, Tak+2, and Tup43 for some natural
number £.

3.4. Triangular graphs of order 4

Similarly to the above cases, we can see that any four consecutive triangular numbers can
form a realizable degree sequence giving a triangular graph of order 4. Not to give all
four possible cases here, we call these four triangular numbers as a. b.c and d without
any order between them. We also let a and b be odd and ¢ and d be even. With the
similar arguments as above, we obtain the following result:

Theorem 3. 4. {a, b, c, d} be a set of four consecutive triangular numbers. Then
D = {a, b, c,d} is always realizable as a triangular graph of order 4.

All possible graph realizations are as follows:

Qa 1c¢c-2d-2b- 1,Qa 1d-2c-2b- 1,Ta 1c Z[d Z]b 1,Ta—1d—2[c—2]b—1,
2 72 2 " 2 2 "2 " 2" 2 2 27’ 2 2 P2

Ta 1[d—- 2]c—2b 1,Ta 1[c=2 d-2 b— 1,Ta 1c— 2b 1[d 2] Ta 1d-2b- 1[c 2]

2 7272 2

T2 72 2’2

2’272

Ba 1c2d2 b1: d2c2 b1, a-1b- 1c2[d2] Ba—lb—ld—Z[C—Z]:
2 | 2 27’2 2 2 27’2 2 2

' 2 d 2
2

Ba 1[c Z]b_l[d_z] Ba 1[ 'bzl[czz] Bazl[ . ]b 1 L Ba_1[% 132_1 Lz,

Ba-1p-1 [c—z] L ,Ba-1 b—1[d—2] L yTa—1c-2 b=, yTa-1d-2p- 1UL
5z |7 Ve S5 c P % 22’ s

Ba 1b 1ULc[d 2] andBa 1b 1ULCULd

2 2
Note that out of 22 realizations, 14 are connected and 8 of them are disconnected. Out of
the disconnected ones, 7 have 2 components and one has 3 components.
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Abstract

The performance of polymer based organic light-emitting devices (OLEDs) that
contained isopropanol (IPA) doped poly(3,4-ethylenedioxythiophene):
poly(styrenesulfonate) (PEDOT:PSS) utilized as positive charge carriers (hole)
injecting electrode were investigated. In this study, morphological changes in
PEDOT:PSS thin films have been analyzed with atomic force microscopy (AFM). The
results of device performance with doped PEDOT:PSS were compared with the result
of non doped PEDOT:PSS device. Fabricated OLED with the concentration 1:1
(PEDOT:PSS to IPA) shows the best performance among the others with almost 8000
cd/m? brightness and 1.75 cd/A efficiency. Additionally, effect of IPA doping
mechanisms proposed in the literature have been surveyed.

Keywords: Organic light emitting diodes, PEDOT:PSS, hole injection layer, IPA.

Izopropanol katkili Poli (3,4-etilen dioksitiyofen): poli
(stirensiilfonat) '1n organik 151k yayan diyotlarin emisyon
ozellikleri tizerindeki etkisi

Oz

Porzitif yiik tasiyicilar (bosluk) enjekte eden tabaka olarak kullanilan izopropanol (IPA)
katkili Poli (3,4-etilen dioksitiyofen): poli (stirensiilfonat) (PEDOT: PSS) igeren
polimer bazli organik 151k yayan cihazlarin (OLED) performans arastirilmistir. Bu
calismada, PEDOT:PSS ince filmlerindeki morfolojik degisiklikler atomik kuvvet

* Selin PIRAVADILI MUCUR, selinpiravadili@tubitak.gov.tr, https://orcid.org/0000-0001-5030-6698
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mikroskopisi (AFM) ile analiz edilmistir. Katlkili PEDOT:PSS ile OLED aygit
performanst sonuglart katkisiz PEDOT:PSS OLED aygiti ile karsilastirilmigtir.
Konsantrasyon 1: 1 (PEDOT: PSS - IPA) ile iiretilen OLED aygit, neredeyse 8000 cd /
m’ parlaklik ve 1.75 cd / A verimliligi ile digerleri arasinda en iyi performansi
gostermistir. Ek olarak, literatiirde onerilen IPA doping mekanizmalarimin etkisi
aragtirlmistir.

Anahtar kelimeler: Organik isik yayan diyotlar, PEDOT: PSS, bosluk iletim tabakast,
IPA.

1. Introduction

Elschner et al. published the history and technical details of  poly (3,4-
ethylenedioxythiophene) : poly(styrenesulfonate) (PEDOT:PSS) synthesis [1]. It was
synthesized in 1988 [2] as a conducting polymer (Fig. 1a) that posses positive charge
carriers in its all oxidized forms (Fig. 1b) [3,4]. Its stability feature has gained wide
range of application area to PEDOT. Oxidative polymerization of 3,4-
ethylenedioxythiophene (EDOT) is the synthetic route to PEDOT. PEDOT:PSS has
become commercially the most popular and successful conductive polymer due to its
stability, fine electrical and optical properties which is important for optoelectronic
device technology.

‘\_/K_/

OOOOO

SO3H SO4H
Figure 1. Chemical structure of a) PEDOT, b) polystyrene sulfonate.

From the point view of this work, PEDOT:PSS is used as a hole injection layer (HIL) in
polymer based, organic light-emitting devices (OLEDs) and organic photovoltaics
(OPV). [5,6]. In OLEDs and OPVs, PEDOT:PSS is used between the indium tin oxide
(ITO) contact and an emissive layer (EL) (poly(p-phenylenevinylene) (PPV),
polyfluorene (PF)) [5,6,7,8]. Utilization of PEDOT:PSS between the ITO and emissive
layer provides contact therefore, notable rise in the lifetime of OLEDs due to preserving
of the EL from migration of oxygen-involving species from the ITO contact [6] and
balancing the energy difference between ITO and polymer.[9]. Groenendaal et al.
published a review about applications, synthesis and characteristic properties of
PEDOT:PSS [10].

The commercially purchase PEDOT:PSS solution has dark-blue opaque color. Thin
film deposition tecniques of PEDOT:PSS are spin casting, spray deposition doctor
blade, inkjet printing, slot die coating, etc. The PEDOT:PSS thin film shows less than 5
nm a surface roughness. It has good photo and electrical stability in air. These superior
characteristics make room for PEDOT:PSS with wide applications in opto-electronic
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area, energy conversion and storage fields [11]. PEDOT:PSS conductivity can be
enhanced twice times due to inclusion of alcohol and its additives (ethylene glycol,
mesoerythritol, 2-nitroethanol, sorbitol) or DMF and DMSO [12-20]. Due to positive
side of organic polymers like ease of fabrication, flexibility and weightlessness. They
are also usually chemically inert. In many PEDOT study, it was applied with an alcohol
[21-29]. In the J. G. D’Angelo et al. study, acid type PEDOT chemistry was
investigated with the addition of alcohols but without any additional reagents. PEDOT
reacts with the alcohol, PEDOT facilities the chemical reaction [30].

Associated with the evolvement of organic electronics research, PEDOT:PSS has been
commonly used because of their superior electrical, optical, and mechanical properties,
that ensure them advantageous in the area of optoelectronic devices and also in
applications of OLEDs. The purpose of our study that PEDOT could react with an
isopropyl alcohol (IPA) to create ether and H>O. Produced H>O as a byproduct was
evaporated by the annealing procedure. Therefore, in connection with these aspects of
this polymer, isopropanol (IPA) was doped into PEDOT:PSS with varying
(1:1,1:0.5,1:0.2,1:0.1) concentrations. This study was performed to inspect the effect of
PEDOT:PSS characteristics on OLEDs performances. Therefore, the aim of this work
was to show the concentration dependence of isopropanol to HTL on the light output
property of the OLEDs.

2. Materials and methods

The ITO coated glass substrates (ITO thickness 120nm, 10 ohms/sq.) were purchased
from Kintec Company. Aluminum (Al), Calcium (Ca) were purchased from Kurt J.
Lesker Company. PEDOT:PSS and Poly[2-methoxy-5-(2-ethylhexyloxy)-1,4-
phenylenevinylene] (MEH-PPV) (were purchased from Heraeus Clevios GmbH and
Sigma-Aldrich, respectively. IPA (99.5%) was supplied from Sigma-Aldrich.. The
MEH-PPV solution was prepared in toluene with 10 mg/cm® concentration.
PEDOT:PSS and MEH-PPV were filtered through a 0.45 um PVDF and PTFE
membrane filter respectively. Patterned ITO-patterned substrates were cleaned
ultrasonically in an acetone, de-ionised water and IPA.

Hamamatsu PMA-12 C10027 Photonic Multichannel analyzer and digital multimeter
(2427-C 3A Keithley) were utilized to measure performances of all fabricated devices.
A profiler (KLA Tencor P-6) determined thickness of organic layers and an Atmic
Force Microscopy (AFM,Park Systems XE-150) was used to investigate the
morphology of thin films. FS5 Edinburg Spectrophotometer was used to determine UV -
Vis absorbance of the thin films.

Prior to the device fabrication, the glass substrates for thin film characterization
measurement were ultra-sonicated for 10 min each in de-ionized water and isopropyl
alcohol. IPA doped PEDOT:PSS with 1:1,1:0.5,1:0.2,1:0.1 and non-doped PEDOT:PSS
were spin coated on glass substrates having the same spin rates. They were annealed at
120 °C for 20 min. Thickness, roughness and Current (I) — potential(V) measurements
were carried out, the datas obtained from characterization process were in summarized
Table 1.

For the device fabrication;doped/non-doped PEDOT: PSS layer was spin-coated onto
the ITO at 4000 rpm for 60 s and then annealed at 120 °C for 20 min. The emissive
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layer (MEH-PPV; 90 nm) was spin coated with 1500 rpm and annealed at ~120 °C for
10 min. Finally, Ca (25 nm) and Al (100nm) were growth for the cathode electrode of
the devices. During thermal depositions, the chamber pressure was keeped under 3x107
mbar. The emission area ot he devices was 9.0 mm?. The architecture of the device was
ITO /doped or non doped PEDOT:PSS/MEH-PPV/Ca/Al, as seen in Figure 2a.

3. Results and discussions

Doping effect of PEDOT:PSS with IPA on the role of hole-injecting layer in polymer-
based OLEDs and thin film properties were investigated systematically. Effect of [PA
doped PEDOT:PSS with varying concentrations 1:1,1:0.5,1:0.2,1:0.1 and non-doped
PEDOT:PSS for reference device were studied with regard to thin film properties and
OLED device performances.

In Figure 2b, the highest occupied molecular orbital (HOMO) energy level of MEH-
PPV polymer was good matched with the PEDOT:PSS HOMO energy level therefore
the positive charge transfer from ITO to emissive layer becomes -effortless.
PEDOT:PSS thin films have high work function value ~5.2 eV. The good conductivity
and high work function cause quicker charge transfer spontaneously under electrical
field. The lowest unoccupied molecular orbital (LUMO) energy level (~2.7 eV) of
MEH-PPV was high enough to conduct negative charge carriers between the cathode
and anode. This supported efficient recombination of charge carriers in the emissive
zone of the OLEDs.

E(eV)
-1.0 —
20 — 2.2 27 29
-3.0 —
40 4
-5.0 —

) 5.0

-6.0

ITO PEDOTPSS MEHPPV Ca/Al

Figure 2. a) Schematic architecture of OLED, b) Band energies of the materials.

Current (I) — potential(V) measurements were carried out of thin films spin coated on
glass substrates (1cm x 1cm) and the graph can be seen from Figure 3. As it can be seen
from Table 1 the resistance was increasing with decreasing concentration of IPA in
PEDOT:PSS. Doping with IPA enhances the conductivity of PEDOT:PSS thin films,
thus this result positively reverberates the device performances.
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Figure 3. I-V characteristics of doped PEDOT:PSS

Table 1. Summary of resistance values of thin film of PEDOT:PSS.

Doping ratio Resistance (M)
No doping 26.8
1:0.1 10.9
1:0.2 14.2
1:0.5 11.0
1:1 7.5

IPA concentration effect on photophysical properties of PEDOT:PSS thin films was
investigated by UV-Vis absorption and transmittance (Figure 4). A strong transmittance
at visible region was observed. In this range, PEDOT:PSS thin film has above 90 % at
550 nm transmittance. When the transmittance values were compared amog themselves,
transmittance values were almost the same and no shift to blue/red region can be seen.
Besides, absorption characteristics were very low in the visible range. This property was
compatible for OLEDs as it should be.
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Figure 4. a) UV absorbance and b) Transmittance% spectra of ipa doped PEDOT:PSS
films. (inlet shows detailed zoom of the graphs)
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Table 2. Doping ratio depence of the film thickness and surface roughness of thin film

PEDOT:PSS.
Doping ratio Film Thickness (nm) |Surface roughness (nm)
No doping 65.2 0.97
1:0.1 62.1 1.37
1:0.2 54.1 1.01
1:0.5 59.2 0.92
1:1 61.8 1.33

An atomic force microscopy (AFM) was used to reveal morphological changes effected
by doping ratios. Prior to the doped/non-doped PEDOT:PSS thin film deposition on the
glass substrates, de-ionized water and isopropyl alcohol were used for cleaning the
substrates for 5 min in ultrasonic bath. Thin fims were spin coated and annealed as the
same conditions of PEDOT:PSS used in OLEDs. From the AFM images in Figure 5a-
Figure Se, surface roughnesses were almost the same (~1.0 nm). Doping ratios do not
effect the thin film roughness values. Roughness values were too small < 2 nm. Stylus
Profiler was used to measure the thin fim thicknesses coated with the same spin rate.
Doping was not significant effect on the thickness. All the films have nearly 60-65 nm
thickness values as summarized in Table 2.

1:1 doping

7

)

no doping

0

0

™ um

Figure 5. AFM images of PEDOT:PSS films with dopin ratio a) 1:1, b) 1:0.5, c¢) 1:0.2,
d) 1:0.1 and e) no doping.

Figure 6a—Figure 6e represented the characteristics of the OLEDs fabricated with
various concentarions of IPA:PEDOT:PSS. Device with 1:1 IPA:PEDOT:PSS
concentration exhibited 7965 cd/m? maximum luminance (Figure 6a), maximum
luminous efficiency 1.60 cd/A (Figure 6¢) and maximum external quantum efficiency
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(EQE) 0.91% (Figure 6¢). In Figure 6b, J-V characteristics can be seen and from this
graph, onset voltages can be determined. Here the onset voltage was the intersection of
the tangent of the current density curve and the voltage axis. As it can be seen, onset
voltages were nearly the same value (3.7 V) for all devices with different doping ratios.
In Figure 6d normalized electroluminescence (EL) intensity characteristics can be seen.
From the spectra, the emissions of devices were almost the same in shape and peak
wavelength values (597 nm) with the MEH-PPV emission profile. As it was expected,
doping of PEDOT:PSS does not change the emission properties of the system. In the A.
De Girolamo Del Mauro et al. work, they realized transparent films of Dimethyl
sulfoxide (DMSO) doped PEDOT:PSS used them as HIL in OLED devices. The device
with DMSO-PEDOT:PSS had the lowest turn on voltage and their luminance values
were higher than undopped PEDOT:PSS [31]. In another work, in order to improve the
conductivity of PEDOT:PSS films methanol, ethanol, 2-propanol and ethylene glycol
alcohol vapor treatment technique was applied and found that the sheet resistance of
PEDOT:PSS thin films was decreased when treated with alcoholvapor [32]. In addition
to this, A.K. Havare et al. investigated sorbitol (a polyalcohol carbohydrate) doped
PEDOT:PSS the effect on the performance of OLED devices. The sorbitol doped
PEDOT:PSS anode device showed the best performance in terms of luminous
efficiency with respect to undopped PEDOT:PSS device [33].
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Figure 6. a) Luminance-voltage, b) current density-voltage, c) current efficiency-current
density, d) normalized EL intensity-wavelength, ) EQE-voltage characteristics of
OLEDs fabricated with doped PEDOT:PSS.
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4. Conclusion

Doped/non-doped PEDOT:PSS thin films, spin-coated from solution, were used in
polymer-based OLED device structure. The results of the work presented in this study
have several significant properties that effect performance of the OLEDs.

Since the reaction mechanism has not yet been clear, PEDOT:PSS required a further
investigation of the reactivity with functional groups. The effect of PEDOT:PSS
chemical reactivity on the opto-electronic devices as the hole injection layer was not
known, but it was obviously an important issue that requires more work and further
study. However, it was clearly seen that doping with IPA enhanced the device
performances due to increasing electrical conductivity of the thin film of
PEDOT:PSS.Therefore charge transfer became easier and recombination probability
was increasing in the emissive zone of the devices. In consideration of these obtained
results, using doped PEDOT:PSS has the advantages for the future OLEDs applications.
For our further research, the effect of doping on the charge transfer mechanism physics
were going to realized with density functional theory (DFT) calculations using Gaussian
program.
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Oz

Asirt yagis veya kar erimesi neticesinde olusan biiyiik hacimli akimlarin akarsu yatagina
sigmamast olayt taskin olarak adlandirilmaktadir. Tiirkiye, bulundugu cografi konumu
nedeniyle, ozellikle Karadeniz, Marmara, Ege ve Akdeniz bolgelerinde denizlerin
etkisiyle yagislarin sik¢a goriildiigii ve buna bagl olarak can ve mal kayplarinin
meydana geldigi bir iilkedir. Yasanan taskin olaylarinda yerlesim yerlerine yakin
kesimlerde ana sebebin ¢ogunlukla akarsu yataklarina yapilan uygunsuz ve yetersiz
miidahaleler ile yanls imar uygulamalar: oldugu gériilmektedir. Akarsularin deniz ile
bulustugu kumluk alanlarda ve devamindaki aliivyon diizliiklerde, taskin siniri
gozetilmeden yapilan imar uygulamalari, bir¢cok miihendislik problemine yol agmaktadir.
Bu ¢alismada, Tekirdag ili, Kumbag ilgesi sahil hattinda, yerlesim bolgelerinin arasindan
gecerek denize ulasan Isiklar deresinde, denize dokiilme etkisi ve batik ¢alisan hidrolik
kesitin su yiizii profili HEC-RAS (Hydrologic Engineering Center-River Analisis System)
analiz programi yardimiyla modellenmig ve sonuglar batik olmayan hidrolik kesitteki su
viizii profili ile karsiulastirilmistir. Batik ¢alisan hidrolik kesit ve suyun denize dokiilme
etkisiyle su yiizii profilinin denize yakin kesimlerde onemli él¢iide diistiigii ve bu diistis
egiliminin i¢ kesimlere kadar etkili oldugu goriilmiistiir.

Anahtar kelimeler: Batik calisan hidrolik kesit, Isiklar Deresi, denize dokiilme etkisi,
HEC-RAS.
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Investigation of flood water surface profile calculated with hec-
ras 1in sunken river sections pouring into the sea by the example of
1siklar river

Abstract

The phenomenon of large volumes of currents resulting from excessive precipitation or
snowmelt not fit in the river bed is called a flooding. Turkey, because of its geographical
location, especially because of the impact of the Black Sea, Marmara, Aegean and
Mediterranean sea is frequently observed rainfall, and the consequent loss of life and
property is a country where occurs. In the flooding incidents experienced, it is seen that
the major reason in the areas close to the settlements is mostly inappropriate and
inadequate interventions to the river beds and wrong reconstruction practices. Zoning
applications on the sandy areas where the rivers meet the sea and on the alluvial flats
without considering the flood boundary cause many engineering problems. In this study,
the effect of pouring into the sea was investigated in the Isiklar river, which is located in
the coastal line of the Kumbag district of Tekirdag province and reaches the sea passing
through the residential areas, and the water surface profile of the sunken hydraulic
section was modeled with the help of the HEC-RAS (Hydrologic Engineering Center-
River Analisis System) analysis program and the results were compared with the profile
of the water face in the non-submerged hydraulic section. With the effect of submerged
hydraulic section and water pouring into the sea, it was observed that the water surface
profile decreased significantly in the sections close to the sea and it was also observed
that this downward trend was effective until the inner parts.

Keywords: Submerged hydraulic section, Isiklar River, Spilling effect to the sea, HEC-
RAS.

1. Giris

Taskin kontrol ¢aligmalari, planlama asamasinda havza bazinda gézlem, inceleme ve veri
toplamay1 gerektiren, projelendirme, insaat ve isletme asamalarinda bir¢ok disiplinin
birlikte yiriittiigli calismalarin biitiintine verilen isimdir. Bilgisayar teknolojilerinin
gelismesi ile hidrolojik verilerin uzaktan toplanarak islenmesi, topografik verilerin uydu
veya diger fotogrometrik yontemler ile kolayca ve hizli bir sekilde toplanabilmesi, 3
boyutlu akiskan hareketlerinin sayisal modelleme yoluyla ytliksek dogruluk oranlarinda
coziimlenebilmesi, taskin kontrol ¢alismalarinin planlama ve projelendirme asamalarina
onemli bir ivme kazandirmistir.

Bunun yaninda, hesaplamali akigkanlar dinamiginde bilgisayar sayesinde saglanan
ilerleme sayisal modelleme calismalarinin g¢esitlenmesine, akiskan-yapi etkilesiminden
[1] gelistirilen 6zel yazilimlar ile havza bazli akis modellenmesine [2] kadar birgok
calismanin yapilmasina olanak tammmustir. Ucretsiz olarak servis edilmis olmasi, pratik
yapisindan ve hizli ¢6ziim alabilme kapasitesinden dolay1 uygulama alanlarinda oldukca
yogun kullanima sahip olan HEC-RAS yazilimi da bu 6zel yazilimlardan biridir.
Uygulama ¢alismalarindaki yogun kullaniminin yaninda literatiirde, akademik alanda da
HEC-RAS yazilimi1 kullanilarak yapilan; akarsu {izerinde bulunan c¢oklu kopri
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sistemlerinin akis alani tizerindeki etkilerinin 1 boyutlu ve 2 boyutlu olarak ¢oziimlendigi
ve sonuglarin karsilastirildigir c¢alismalar [3], Taskin sirasinda akarsuyun denize
dokiildiigli kiy1 hattinda olusan oyulmalarin ve zararlarin modellendigi ¢alismalar [4],
akarsuyun manning piiriizliilik katsayisinin kalibrasyonunun yapilmasi ig¢in taskin
sirasinda kaydedilen istasyon oOlglimleri ile HEC-RAS programindan alinan model
sonuglarmin karsilastirildigr calismalar [5,6], baraj yikilmasi durumunda mansapta
olusacak taskin yayilim alanlarinin haritasinin 2 boyutlu modellemesi hakkinda
caligmalar [7], deniz su seviyesinin taskin alanlarina etkilerinin sayisal modeller
kullanilarak incelendigi calismalar [8] ve taskin risk haritasin1 hazirlamak veya daha
detayli hale getirmek icin sayisal modellerin kullanildig1 [9] ¢alismalar, akarsuda tagkin
modellemesinin yapildig1 ¢calismalar[10] gibi akigkan hareketi iizerine ¢esitli ¢aligmalar
mevcuttur.

Bu c¢alismanin konusu, Tekirdag ili, Kumbag ilcesi sahil hattinda, yerlesim bdlgelerinin
arasindan gegerek denize dokiilen Isiklar deresinde, denize dokiilme etkisi ile batik
calisan hidrolik kesitin su yiizii profilinin elde edilmesi ve sonuglar1 batik olmayan
hidrolik kesitteki su yiizii profili ile karsilagtirilmasidir.

2. Yontem

Bu ¢aligmada taskin riski tasidig: tespit edilen, Naip Baraj1 mansabinda bulunan Igiklar
Deresinin denizle bulustugu sahil hattindan itibaren 650 metrelik kisminda, dere
yataginin dogal egimine uyularak bir hidrolik kesiti tasarlanmis ve manning hiz denklemi
ile siireklilik denklemi kullanilarak taskin su yiizii kotlarinin belirlenmesi hususunda bir
on caligma yapilmistir. Sonrasinda ayni kesit denize dogru daha yiiksek bir egimle batik
hidrolik kesit olarak tasarlanmis ve Autocad Civil 3D programi ile 3 boyutlu olarak
modellenmistir. Bu modelden 1 metre araliklarla alinan kesitler, mansap ve menba
kosullarim dikkate alarak ¢oziim yaptig1 bilinen HEC-RAS programinda modellenmistir.
Deniz dalga yiiksekligi modele mansap sartinda sabit su kotu olarak girilmis ve model
calistirilmistir. Elde edilen su ylizii kotlar1 yapilan 6n caligsma ile karsilastiriimistir.

Calismada kullanilan HEC-RAS programi, “US Army Corps of Engineers Institute of
Water Resources Hydraulic Engineering Center” tarafindan, dogal nehir yataklar1 ve insa
edilen tagkin kanallar1 aglarinin tamamini, taskin yatagi alanlarinin, arazi koruma
alanlarmin vb. bir ve iki boyutlu hidrolik analizlerinin gergeklestirilmesi i¢in
gelistirilmistir. Program ayni zamanda, hareketli yataklarda sediment hareketlerinin
hesaplanmasina; su sicaklig1 ve su kalitesi modellemelerine; baraj yikilmasi analizi veya
tagkin seddelerinin yikilmasi analizi gibi karmagik modellerin olusturulmasina izin verir

[11].

HEC-RAS’ta bir boyutlu siirekli degisen akis icin, sel rejiminde ve/veya nehir rejiminde
su yiizlii profilinin modellenmesini gergeklestirebilmektedir. Programda, basit profil
hesaplamalarinda su yiizl profili, bir kesitten digerine, “standart adim metodu” olarak
isimlendirilen bir iterasyon prosediiriiyle ¢oziilen enerji denklemi ile hesaplanmaktadir.
Enerji denklemi asagida verilmistir [12]:

a1V12

=Zl+Y1+ 29

a V22

Zy + Y, + 2

+ he (1
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Burada;

71, Zo = Kesit talveg kotu

Y1, Y2 = Kesitteki su derinligi

Vi, V2 = Ortalama debi (toplam desarj / toplam akis alan1)
a1, a2 = Hiz agirlhigi katsayisi

g = Yercekimi ivmesi

he = Enerji kaybi [12].

Bir kesit i¢in hiz dagiliminin ve toplam debinin belirlenmesi i¢in akisin hiz dagiliminin
uniform oldugu alt boliimlere boéliinmesi gerekir. HEC-RAS ta kullanilan bu yaklagimda
akig, n piriizlilik degerinin degistigi noktalar kullanilarak boliimlere ayrilir. Her alt
boliimdeki akis debisi, asagida verilen Manning hiz denkleminin bir formu olan denklem
ile hesaplanir ve kesit i¢in toplam debi sol sahil, sag sahil ve kanal boliimiindeki (Sekil

1) debilerin toplanmasiyla elde edilir [12].

Q =Ks,”? @)
K = =2 ARY/? 3)
Burada;

K =Alt boliim tagima hizi

n = Alt boliim manning piiriizliiliik katsayisi
A = Alt boliim akis alani

R = Alt boliim hidrolik yaricap1

S; = Enerji ¢izgisinin egimi [12].

ni ny

ns Nkanal ng ns Ne
V

A1 Py | A4 Py ‘ 'Ag Pg

Kol sail Ksag sahil

Sekil 1. HEC-RAS ta kesiti alt boliimlere ayirma yontemi.

3. Uygulama alam

Tekirdag ili Balkanlardan gelen hava akimlarina maruz kalan ve 6zellikle Kasim- Mart
aylart arasinda yagislarin hdkim oldugu bir iklim bdlgesinde yer almaktadir. Bunun
yansira Istanbul’a yakinligi nedeniyle sahil hatti boyunca yazlik turizminin bolca
goriildiigli ve neredeyse tiim sahil hattinin yapilasmaya acik oldugu bir sahil kentidir.
Ozellikle denize dokiilen akarsularin olusturdugu kumluk aliivyon ovalarinda yapilasma
i¢ kesimlere kadar ilerlemistir. Aliivyon ovalarinda arazi egiminin neredeyse sifir ve
rakimin olduk¢a diisiik olmasi neticesinde yasanan tiim yagislarda siirekli doygun
durumdaki zemin sebebiyle iist havzadan gelen sular ovada kabararak yerlesim yerlerinde
su baskinlaria sebep olmaktadir.
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Tekirdag Iline bagli Kumbag ilgesi icinden gecerek denize dokiilen Isiklar Deresi’de
yukarida bahsedilen bu 6zelliklere sahip derelerden biridir. Ust havzadan gelen sel
sularinin Isiklar Deresi’nin denizle bulustugu aliivyon ovasina yayilmadan denize
ulagabilmesi i¢in hidrolik kesitin batik calistirilmas1 gerekmektedir. Aksi durumda
tasarlanacak bir 1slah kesitinde, sahile yaklastikca ytliksek sedde veya duvar kotlariyla
karsilagilacaktir. Bu seddeler ile arkasindaki son derece diiz olan aliivyon ovasinda yer
alan yerlesim alanlariin olusturdugu gecirimsizlik, yiizeyde toplanan sularin dereye
tahliyesine engel olacak ve geneli kiy1 hattina paralel olan yol dolgular ile sedde veya
duvarlar arasinda hapsolan su birikintileri olugsmasi durumuyla karsi karsiya kalinacaktir.

Naip Barajini dolduran Isiklar deresi (Resim1) barajin mansabinda Tekirdag ili Kumbag
ilgesinden gegerek denizle bulugmaktadir. Tatil turizminin yogun oldugu kentte imar
uygulamasinda 2 katli yazlik modeli hakimdir. Dogal durumda derenin denize yakin 600
metrelik kesiminde taban egimi (0,0015) oldukga diisiiktiir. Isiklar Deresinin 100 ve 500
yillik taskin tekerriir debileri sirasiyla, 185 m®/sn ve 282 m?®/sn dir [13]. Derenin denize
dokiildiigi hat iistiinde akis dogrultusunda sag ve sol sahilde yer alan yerlesim alanlarinda
su basman kotu 0.70m ile 1.20m arasinda degismektedir.

v Su yiizii
h2

Palye + H 1.5/ Palye
h1 1

bl

A4

Sekil 2. Isiklar deresi hidrolik kesiti.

100 yillik ve 500 yillik tagkin tekerriir debilerinin biiyiikliigii diisiiniildiiglinde, dogal en
kesit talveg egimi (0,0015) ve klasik manning denklemi ile Sekil 2 de verilen kademeli
hidrolik kesit i¢in hesaplanan su kotuna gore (Tablo 1) bir 1slah ¢aligmasi yapildigi
durumda hesaplanan duvar kotlarinin yerlesim yerinde estetik olarak uygun olmayacak
ve duvarin dis kesiminde drenaj sorunlar1 da yaratacaktir.

Tablo 1. Isiklar deresi hidrolik kesitine ait kapasite hesabi.

1.SEV 2.SEV | Manning

SECILEN | e Egim GOz | bl | palye hi h2
KM S ‘ \
isLAH Tipi |EGIMIEGIMI Katsanist| 5 vy | m) | (m) m m)
1/Yatay _1/Yatay (n)
0+000 - | Trapez kesit Istifli - ” "
S P 1.50 | 0.00 | 0.032 [0.00150 1.00 | 10.70| 1.50 3.10 2.50
0+650 T'ag Tahkimat
Debi| H Havaag Alan éslak léidrolik Hiz ;h: t I])\:rii:i F;‘oude Akim Eslidrolik
3, 2 TS 2 evre arigap 5 ik, |, : Sayisi S crama
(m¥/sn) (M) |AH=0.6+0.036xVxh'*| A (m?) > (i R (m/s) 7 km’)| o (s ViG] Karakt. Tahkiki
Nehir | Fr<1, Hidrolik
Q100 | 185 4.37 7680 | 2743 | 2.80 | 241 | 030|421 1850  0.44 ol
i Rejimi | sigrama yoktur.
. Nehir | Fr<1, Hidrolik
Q100+AH 5.10 93.59 | 28.88 | 3.24 2.65 | 036 | 4.86 | 248.1 0.48 - ol o i
Rejimi | sigrama yoktur.
\ehi <1, Hidrolik
Q500 | 282 |5.47 102.11 | 29.62 | 345 276 | 039 | 5.17 | 282.0 0.50 N?m. e
Rejimi | sigrama yoktur.
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Bu sebeple, kiyidan itibaren 650 metreye kadar ki kesimde taban egimi arttirilarak
(0,0051) batik hidrolik kesit calisilmasi diisliniilmiistiir. Bununla birlikte batik hidrolik
kesit kanalda siirekli deniz suyu bulunmasina yol agacaktir. Islah kanalinin denizden
gelen dalgalara dogrudan maruz kalmasi, sel sirasinda kanal akisini etkileyecek, sakin
donemde de deniz dalgalar ile kanal tabaninin kumla dolmasi neticesinde batik hidrolik
kesitin kapasitesi diisecektir. Bu sebeple 1slah kanalinin denizle bulustugu noktadan
itibaren denizin i¢ kesimlerine ilerleyen paralel mahmuz yapist (Resim 1.) planlanarak,
deniz dalga etkisinin kanal akisini etkilemesi ve kesit i¢cine kum tasinmasini
engellenmistir.

Resim 1. Isiklar Deresi genel goriiniim.

4. Sayisal model

Bu ¢alismaya konu olan Isiklar deresi’nde, kismi batik ¢alisan iki kademeli hidrolik kesit
(Sekil 3), denize dogru uzanan mahmuz yapis1 ve deniz tabaninin olusturdugu hidrolik
kesit (Sekil 4) batimetrik haritalarin da yardimiyla Autocad Civil 3D ortaminda
modellendikten sonra HEC-RAS programina aktarilmistir. Tasarlanan kesit istifli tas
tahkimat ve kagir kiy1 duvari olarak diisiiniildiigiinden manning katsayis1 DSI Modifiye
Cowan Yontemiyle [14] asagidaki sekilde hesaplanmis ve 0,032 olarak belirlenmistir.

n=(Np+N1+ N2+ N3+ Ny )M 4

Burada;

np = Kanalin zemin 6zelliklerine gore secilen katsay1 olup, 0,025 secilmistir.

ni = Yiizey diizensizliklerinin etkileri i¢in diizeltme katsayis1 olup, kesitin trapez kisminin
sevleri istifli tag tahkimat palye iistiindeki diiz kisim ise kagir kiy1 duvaridir. Bu sebeple
bu diizeltme katsayis1 0,007 olarak secilmistir.

ny = Kanal kesit degisimi katsayisidir. Bu deger 0 olarak alinmistir.

n3 = Kanalda ki engellerin etkisi i¢in belirlenmis bir katsayidir. Bu deger 0 alinmistir.

ns = Akim sartlar1 ve bitki ortiisii i¢in se¢ilen bir katsayidir. Bu deger batik kesitteki tuzlu
sudan dolay1 0 olarak secilmistir.

m = Kanalin kivrim derecesini ifade eden bir katsayidir. Bu deger 1 olarak secilmistir.
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Sekil 3. Batik ¢alisan Hidrolik Tip Kesit-1 (km :0+000 ile 0+650 arasinda).

Tasarlanan kadelemeli hidrolik kesitte (Sekil 3), trapez kesitli ilk kademe 6zellikle denize
yakin kisimda biiyiik oranda batik olarak ¢aligsacaktir.
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Sekil 4. Mahmuz Yapisi Hidrolik Tip Kesit-2 (km : — 0+150 ile 0+000 arasinda).

Denizden gelebilecek partikiil hareketlerini sinirlamak ve deniz dalga etkisinin i¢
kisimlara ilerlemesine engel olmak icin sahil hattindan itibaren denize dogru 150 metre
uzunlugunda, sev iistiinden sev lstiine 35 metre agiklikli sev egimleri 1/1 olan birbirine
paralel bir ¢ift mahmuz yapis1 planlanmis ve deniz i¢indeki mahmuz kesitinde (Sekil 4)
Manning katsayis1 0,032 olarak alinmustir.
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Sekil 5. Deniz batimetresi modeli (km : — 0+220 ile — 0+150 arasinda).
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Ayrica, denize dogru mahmuz yapisindan sonra 70 metre daha ilerleyerek deniz iginde
batimetrik haritalardan alinan deniz tabani modelinin 200 metrelik bir kesiti (Sekil 5) (-)
yonde modele dahil edilmistir. Bu kesitte mansap sarti olarak sabit su seviyesi
tanimlandigindan dolay1 her iki profil i¢cinde (Q100 ve Q500) Su yiizii kotlar1 ayn
olurken; kesit ¢ok genis sec¢ildiginden dolay1 da her iki profil iginde (Q100 ve Q500)
diisiik akis hiz1 (sirasiyla, 0,14m/s ve 0,22m/s) olugmakta ve enerji ¢izgisi kotlari ile su
ylzii kotlar1 neredeyse ayn1 seviyede toplanmaktadir (Sekil 5).

Sekil 6. Isiklar Deresi plani.

HEC-RAS modeli, Naip Baraji Mansap sart1 kapsaminda 1slah1 yapilacak olan Isiklar
deresinin yerlesim alanlarina yakin olan 650 metrelik kisminda su yiizii profilini detayli
gorebilmek i¢in 1.0 metre aralikli kesitler tanimlanarak (Sekil 6) akis plam
olusturulmustur.

HEC-RAS programinda memba ve mansap kosullari; bilinen su seviyesi, kritik derinlik,
normal derinlik ve anahtar egrisi seklinde dort segenekte girilebilmektedir. Bu ¢aligmada,
baslangi¢c kosulu olarak normal derinlik secilmis ve agilan pencereden membadaki
kanalin egimi (0,00437) tanimlanmustir.

Mansap kisminda ise, denizin dalga etkisini azaltmak i¢in her ne kadar mahmuz yapisi
planlansa da [15] tarafindan olusturulan dalga atlasindan (Sekil 7) faydalanilarak, 1siklar
deresinin deniz ile bulustugu noktada 31 yil boyunca tahmin edilmis maksimum dalga
yuksekliginin 2 metre oldugu tespit edilmistir. Olusturulan 150 metrelik Mahmuz
modelinde dere agzinda maksimum dalga yiiksekligi yapilan 6n hesaplamalar ile yaklasik
0,50 metre olarak bulunmus ve model mansap kosuluna bilinen su seviyesi 0,50 m olarak
girilerek bu dalga etkisi de benzestirilmistir.
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1980-1989 Maximum Hmo H, (M)

27 275 28 28.5 29 29.5

Sekil 7. CFSR riizgarlarini kullanan kalibre edilmis SWAN model sonuglarindan elde
edilen 31 y1l boyunca tahmin edilmis belirgin dalga ytiksekliklerinin 10’ar y1llik
maksimum degerlerinin alansal dagilimlari [15].
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Sekil 8. -0+220 / 0+650 HEC-RAS ta hesaplanan Q100 ve Q500 su yiizii kotlar1.
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Sekil 9. -0+220 / 0+650 HEC-RAS ta hesaplanan Q100 ve Q500 su yiizii kotlar1.

HEC-RAS’ta Q100 ve Q500 taskin tekerriir debileri ile elde edilen hiz ve su yiizii
profilleri (Sekil 8-9) incelendiginde, kesit degisiminin bulundugu km: 0+000°da su yiizii
ve hiz profillerinde ters yonde farklilik oldugu goriilmiistiir. Mansap sartt olarak
tanimlanan 0,5m sabit su seviyesi ve siireklilik denklemi ile enerjinin korunumu yasasi
geregi Q100 debisinde, beklendigi gibi ani kesit genislemesiyle hiz diiserken su yiizii kotu
yiikselmekte ve mansap sinir kosulu olan 0,5 metre su kotuna yakinsamaktadir.

Ancak, Q500 debisinde ani kesit genislemesine ragmen hiz, akis su yiizii kotu mansap
sart1 su kotunun iizerinde kaldig1 icin dokiilme etkisiyle dnce artmis sonrasinda olusan
calkantiyla enerjisini bir miktar kaybetmis ve ani bir sekilde diismiistiir. Bu ani diisiisten
sonra Q100 debisinde oldugu gibi hiz yavasg¢a diiserken su yiizii kotu da mansap smnir
kosulu olan 0,5 metre kotuna yakinsamaktadir.
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5. Sonuclar

Bu calismada, Tekirdag ili, Kumbag ilgesi sahil hattinda, yerlesim bolgelerinin arasindan
gecerek denize dokiilen Isiklar deresinde, denize dokiilme etkisinin ve batik calisan
hidrolik kesitin su yiizii profilinin HEC-RAS analiz programi yardimiyla modellenmesi
ve sonuglarin giinlizmiizde hala oldukga sik kullanilan manning denklemi ile hesaplanan
batik olmayan hidrolik kesitteki su yiizii profili ile karsilastirilmas: amaclanmistir. Bu
amacla, kismi batik ¢alisan kademeli hidrolik kesit ve denize dogru uzanan mahmuz
yapist ile deniz tabaninin olusturdugu hidrolik kesit, batimetrik haritalarin da yardimiyla
Autocad Civil 3D ortaminda ii¢ boyutlu olarak modellenmistir.

Batik hidrolik kesitli bir akarsuda ani baskin seklinde yasanan taskinlarda sabit su
seviyesinin 2. bir taban gibi davranip akis1 kabartmasi muhtemeldir. Buna karsin, Isiklar
deresi menbainda ana kol tlizerinde Naip barajinin olmasi, 1siklar deresi yan kollarinda
olusan pik yagislarin ana kol pik debisi ile gakismasini 6telemektedir. Ayrica, Tekirdag
ilinin toprak yapisinin gecirgen olmasi, bitki ortiisii yogunlugu ve yagis rejimleri goz
oniine alindiginda yagis sirasinda su seviyesinin ani olmak yerine belli bir zaman
araliginda yiikselecegi ve bu durumun batik hidrolik kesitin kapasitesinin taskin
yaratmadan akiga katilmasina izin verecegi diisiiniilmektedir.

Batik olmayan kesitteki su hizi taban egimi diisiik olmasi nedeniyle ortalama 2.30 m/s
cikarken batik kesitteki su hizi ortalama 3.65 m/s olarak bulunmustur. Her ne kadar batik
hidrolik kesitte neredeyse duragan bir su kiitlesi bulunuyor olsa da taban egiminin artryor
olmasi ve buna bagli olarak su hizinin artmasiyla batik hidrolik kesitin su yiizii kotunun
diisiiriilmesinde olduk¢a 6nemli etkilerinin oldugu goriilmiistiir (Sekil 10 -11). Bu sebeple
ozellikle akarsularin deniz ile bulustugu kiy1 hattinda manning denklemi ile tek kesit
tizerinden hesap yapmak yerine HEC-RAS gibi iki boyutlu analiz yapabilen programlar
ile akigin deniz kism1 da modele dahil edilerek ve mansap su kotu dikkate alinarak hesap
yapilmast Su ylizii profillerinin ve buna bagl olan taskin koruma kiy1 duvari kotlarinin
daha makul ve ger¢ekgi projelendirilmesini miimkiin kilacaktir.

Ayrica, batik calisan hidrolik kesitli akarsularda, akisin deniz dalgalarindan etkilenmesini
onlemek ve batik calisan hidrolik kesitin denizden gelebilecek partikiiller ile dolmasina
engel olmak icin akarsuyun deniz ile bulustugu noktadan baslamak {izere denize dogru
birbirine parallel bir ¢ift mahmuz veya liman gibi dalgalarin i¢ kesimlere ilerlemesini
Onleyici yapilar yapilmasi zorunludur. Aksi takdirde batik kesit, denizden siiriiklenen
partikiiller ile dolacak ve zamanla olusan bu birikintiler sel sirasinda akigin kabarmasina
sebep olacaktir.

Ilerleyen ¢alismalarda batik hidrolik kesitli akarsularin ani debi artislarinda ve farkli
deniz dalga seviyelerindeki davranislarini, dalga dinamigi ve akarsu hidrodinamigini ayni
projede isleyebilen ve sonlu hacimler metodu ile daha kapsamli analizler yapabilen Flow
3D gibi programlar yardimiyla irdelenmesi diisiiniilmektedir.
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Oz

Bu ¢alismada Lyapunov’un ikinci metodu kullanilarak ticiincii mertebeden gecikmeli bir
diferansiyel denklemin ¢oziimlerinin sinirlilig ve siirdiirebilirligi ile ilgili yeni sonu¢lar
elde edilmistir. Bu ¢alisma literatiirde iigtincii mertebeden gecikmeli ve gecikmesiz
diferansiyel denklemler iizerine iyi bilinen bazi sonuglart kapsamis ve daha ileri

gotiirmiistiir. Ayrica ¢alismada elde ettigimiz sonuglarin daha iyi anlasilmas icin bir
ornek verilmistir.

Anahtar kelimeler: Lyapunov fonksiyonu, siirdiirebilirlik, sinirlilik, tigiincii mertebe.

Continuability and boundedness of solutions to a differential
equation of third order with multiple deviating arguments

Abstract

In this study, Lyapunov's second method is used to obtain criteria for continuability and
boundedness of solutions to a kind of third order differential equations with multiple
deviating arguments. The result obtained in this work includes and extends some well
known results on third order differential equations with and without delay in the
literature. We also give an example for better understanding our result.

Keyvords: Lyapunov function, continuability, boundedness, third order.
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1. Giris

Belirtmek gerekir ki iiglincii mertebeden gecikmeli diferansiyel denklemler bilim ve
teknolojinin cesitli alanlarindaki problemlerinin matematiksel modellenmesinde biiyiik
bir Oneme sahiptir. Bu yiizden {iglincii mertebeden lineer olmayan gecikmeli
diferansiyel denklemlerin c¢oziimlerinin niteliksel davranislart birgok arastirmaci
tarafindan incelenmis ve literatiirde bu konuyu tartigmak icin bir¢cok farkli metot
gelistirilmistir. Bu kapsamda en Onemli metotlardan biri Lyapunov [1] tarafindan
gelistirilen Lyapunov' un ikinci metodu olarak bilinir. Bu ¢alismada, adi diferansiyel
denklemlerin ¢oziimleri hakkinda herhangi bir bilgi olmaksizin Lyapunov' un ikinci
metodu direkt olarak uygulanabildiginden direkt metot olarak da bilinen bu metot
kullanilmistir. Genel bir yontem olmadigindan dolay1 gecikmeli diferansiyel denklemler
icin Laypunov fonksiyonelini olusturmak olduk¢a zordur. Giinlimiizde, bu metot
gecikmeli ve gecikmesiz diferansiyel denklemlerin ¢ozlimlerinin kararliligi, kararsizligi,
sinirlilig, strdiirebilirligi, periyodikligi ve yakinsakligi gibi bir¢ok farkli davranisinin
arastirilmasinda ¢ok 6nemli bir ara¢ olarak dikkat ¢ekmektedir. Gecikmeli diferansiyel
denklemlerin ¢6ziimlerinin niteliksel davranislar1 tizerine yapilmis seckin caligsmalar
icin Ahmad and Rama Mohana Rao [2], Burton [3], Driver [4], Hale [5], Krasovskii [6],
Reissig vd. [7] ve Yoshizawa [8] tarafindan hazirlanmis kitaplar incelenebilir. Ayrica
konunun 6nemi tizerine genel sonuglar iceren Abou-El-Ela vd. [9], Ademola vd. [10],
Ademola [11], Ayhan [12], Ayhan ve Sofuoglu [13], Remili ve Oudjedi [14-15], Remili
ve Beldjerd [16], Tun¢ ve Ayhan [17-20], Tung [21] ve bu ¢alismada atifta bulunulan
diger calismalar incelenebilir. Bu g¢ercevede son zamanlarda Remili ve Beldjerd [16]
tarafindan r(t) > 0 olmak tizere

(p()x)" +a®Px)x" + b()f (x") + c(Oh(x(t — (1))
=e(t,x(t),x(t —r(t),x'(t —r(t),x"(t)) (D

lclincii mertebeden Lineer olmayan degisken gecikmeli diferansiyel denklemini
incelenmis ve bu denklemin tiim ¢oziimlerinin diizgiin asimptotik kararliligini ve
sinirliligini  garanti edecek bazi yeter sartlar elde edilmistir. Bu c¢alismada (1)
denkleminin yerine n;(t) > 0 olmak iizere,

(@()x)" +a®f (t, x,x)x" + b(t)g(x,x") + c(¢) Z hi(x(t = n:()) =p(®) (2)

biciminde tanimlanan {iglincli mertebeden lineer olmayan degisken gecikmeli
diferansiyel denkleminin ¢ozlimlerinin sinirlilig1 ve siirdiiriilebilirligi gosterilecektir. (2)
denklemi,

Y
px)
y' =z,
a(®) y a(®)e’(x) AW Y
2 =p@ - o5 f (o oG )7+ i (6rgm) Y b0 (v ors)
y(s)
—c(t)Zh(x(t))+c(t)Zt nf(t) ey s 3)
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seklinde bir sistem olarak ifade edilsin. Burada t € R*, R* = [0, %) olmak iizere n;
stirekli, tiirevlenebilir ve smirli gecikme degiskenleri, ¢ ise daha sonra tanimlanacak
pozitif bir sabit olup 0 < n;(t) <& n;'(t) <p,(0<p < 1) dir. Ayrica a,b,c,p €
C1(RY,[0,0)),¢ € C}(R,(0,)),f € C(R* x RXR,R*),g e C(RXxR,R*) ve h €
C'(R,R) dir.

Literatiirde, lineer olmayan yiiksek mertebeli gecikmeli ve gecikmesiz diferansiyel
denklemlerin ¢oziimlerinin niteliksel davranislar1 iizerine bir¢ok calisma olmasina
ragmen Remili ve Beldjerd [16] tarafindan incelenen (1) denkleminden ilham alinarak
elde edilen (2) denkleminin ¢oziimlerinin sinirliligr ve siirdiirtilebilirligi simdiye kadar
hi¢bir arastirmaci tarafindan incelenmedi. Bu ¢alisma ile bu anlamda literatiire bir
yenilik katmis olacagiz. Remili ve Beldjerd [16] tarafindan (1) denklemine uygun yeni
bir Lyapunov fonksiyoneli elde edilerek Lypunov’un ikinci metodu yardimiyla bu
denklemin ¢oézlimlerinin smirlilig1 ve kararlilig: ile ilgili yeni sonuglar ortaya koyuldu.
Bu calismada simdiye kadar ele alinmamis ve (1) denkleminden daha genel (2)
denklemi g6z Oniine alindi. Ayrica bu denkleme uygun, orijinal bir Lyapunov
fonksiyoneli insa edilerek Lyapunov’un ikinci metodu yardimiyla denklemin
¢oziimlerinin sinirliligiyla birlikte Remili ve Beldjerd [16] tarafindan incelenmeyen
¢Oziimlerin siirdiiriilebilirligi tizerine yeni bir sonug¢ elde edildi. Bununla birlikte ele
alman (2) denklemi, Tung [21] tarafindan incelenen denklemden daha genel ve Remili
ve Oudjedi [15] tarafindan incelenen denklemden tamamen farkli olup bu denklemin
¢Oziimlerinin stirdiirtilebilirligi ile ilgili elde edilen sonug, Tung [21], Remili ve Oudjedi
[15] ve bu alanda g¢alisan birgok aragtirmaciya ele aldiklar1 denklemlerin ¢oziimlerinin
farkli bir niteliksel davranisi olan ¢éziimlerin siirdiiriilebilirligini inceleyebilme firsati
sunmustur. Ayrica c¢alismada elde edilen sonug, konu ile ilgili literatiirdeki ti¢lincii
mertebeden lineer olmayan diferansiyel denklemlerin ¢oziimlerinin niteliksel
davraniglar lizerine var olan sonuglar1 gelistirecek ve bu kapsamda calisma yapan
arastirmacilara yardimci olacak niteliktedir.

©o, P1,a9, a1, 1, N, 8, 1y, 0i, 91, fo ve fi pozitif sabitler olmak {izere her t > 0 igin
asagidaki sartlar yazilabilir.

AD 0 < 9o < p(x) <oy, [ ]o" W] du < o,
A2)a, <a(t) <ay, a'(t) <0,
A3)0<n<c()<b(t)<N, b'(t)<c'(t)<0,
Ad) hy(0) = 0,%2 > 5, (x # 0), |/ ()| < s

X

()
A5) g(x,0) = 0,0, X", 0; < Z ’;y <g,y#0)  gy(x,y) <0,

A6) fOooS f(t’x:}’) S f1;ft(t,x,}’) S O’ }’fx(t'x'}’) S O;
A7) [, lp@®]dt < oo

2. Temel sonug¢

Temel sonucumuzun gosteriminde ihtiyacimiz olan ve iyi bilinen

dx
E = F(t,x) (4)
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otonom olmayan diferansiyel denklem sistemini ele alalim. Burada x, n boyutlu bir
vektor, t € [0,0) ve D, R X R™ kiimesinde agik bir kiime olmak tizere F(t,x), D
kiimesi tizerindeki bir (¢, x) noktasinda siirekli bir fonksiyondur.

Teorem 1. F € C(D) ve D iizerinde |F| < M olsun. ¢, j = (a, f) aralig1 tizerinde (4)
denklem sisteminin bir ¢6ziimii olmak {izere eger,

i) lim @(t) = p(at) ve lim @(t) = @(B7) vardir.
toat t->p~

i) (a, p(a™)), (ayrica (B, (87))) D kiimesinin igindedir.
Sartlar1 sagliyorsa sirasiyla ¢, t = a noktasinin soluna veya t = f§ noktasinin sagina
stirdiiriilebilirdir.

Ispat. Hsu [22].

Teorem 2. (A1)-(A7) sartlarinin sagladigini varsayalim. Buna gore eger,
n

N a
<P1zo_i_1#i<a< 0®ofo

nQYo & ®1
i=1
ve
Aen o N o 1, Gofo _ @
£ < min e L i 2R L,

aN >N
?:Mi‘"Wz?:l#i 200 yh

ise (2) denkleminin tiim ¢6ziimleri sinirli ve siirdiiriilebilirdir.

Ispat.
_p®
V() =e & U(t,x(t),y(©),z()) (5)

bigimindeki V(t) = V(t, x(t), y(t), z(t)) siirekli tiirevlenebilir Lyapunov fonksiyonunu
tanimlayalim. Burada € pozitif bir sabit olup daha sonra tanimlanacaktir,

Q) = %’E;()t)), a1 (t) = min{x(0),x(t)}, a,(t) = max{x(0),x(t)} olmak iizere
t t a(t)
B (X&' (x(s)| , @' (w)
p(t) = !'Q(S‘)lds —OJ W ds = j(;) 22(0) du

+00
1

<— j o' (W)]du < oo
PDo 8

ve A; daha sonra tanimlanacak olan pozitif sabitler olup

U(©) = U(t, x(0), y(t), z(t)) = ac(t)z f hy (W) du + C(t)yz hy ()

i=1p
vy vy
o (x) o(x)

1 a
+b(t)p(x) f g(x, t)dt + EZZ + ey yz + aa(t) f f(t,x,7)1dt
0 0
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+ZA f f y2(u) duds 6)

=1 —n(t) t+s
dlr V(t) Lyapunov fonksiyonunun pozitif tanimli oldugunu gosterelim.

ZA f fy (u) duds

-n;i(t) t+s
1fad651 negatif olmayan bir integral oldugundan (6) denkleminden

Yy
@(x(s))

U@ = c(b) az ) 0 (x) f 9, )dr

i=1

h;(w)du + yz h;(x) + (t

O\R

o)
vz + aa(t) f f(t,x,)tde

+5 Ly
z?

( )

yazilabilir. Buradan (A1)- (A6) sartlar1 goz oniine alindiginda,

Zn: f(“ - ai_lhil(u))hi(u)du n
0

=
U(t) = c(t) +%zn: o, (hy(x) + 0,y)?
+o(x) J <g(x 9o )Z“l>fdf
1 o)
+5 <Z+ﬁ ) +aa(t)0f (f(t,x,r _ﬂ)m

n X (P
l(u) 1 a
Zja— ; udu +2<Z+— + aa J —— TdT
=10 0
1
2

1 a 2 aofo—a
n(a—ai"lui)di)xz (z+— ) +aOfO—2y2

o( ) 204

olur. Boylece

n

N a
<Plzai_1ui<a< 0®ofo

®1

i=1
oldugundan K; pozitif bir sabit olmak {izere

Ut) = K (x? +y2 + z%) (7)
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elde edilir. Bu esitsizlik V(t) > 0 olmasin1 gerektirir. Bu ise (5) de tanimlanan V(t)
Lyapunov fonksiyonunun pozitif tanimli oldugu anlamina gelir.

Simdi ise V(t) Lyapunov fonksiyonunun sinirli oldugunu gosterelim. (2) denkleminin
herhangi bir (x(t),y(t),z(t)) ¢oziimiinii alalim. Buna gore U(t) fonksiyonunun t
degiskenine gore tlirevi alindiginda,

' = ac (t)th(u)du+c(t)yZh(x)+ Y Zh )

=19
Yy Y
o(x) <P(x) @(x)

1 (D) f 906 DdT + bO2D () f g(x, D)dz + b(D)y f 9.(x D de

26o)? P wg)) (65 69) 7

a®¢' ) Y\, > [y
2300) f( (x))zy +C(t)Z; f ———h; (x(s))ds

~b®2De@g (x,

o(x()
ab(t) (x y)
O 8 Y

163)

ac(t)y y(s)
o Z .[(p( @) (x())ds + aa’ (t)J ft,x, Drdr

(x) (x)

+aa(t) j f:(t, x, T)TdT + ( ) j f(t, x, T)TdT + lenl(t)y

t

—Zki(l—m’(t)) | vras

t-n;(t)

0 a 2 a
—a (t)y2+(p(x)z +q)(x)p(t)y—

elde edilir. Bu esitlik diizenlenirse

v
()

U =c'(t) azn:]xhl(u)du+y2h(x)+ o (x)J g(x, )dr
10

i=

n Y _ n
c(t) , ab(t)9 ("' <o<x>) 2
e h'(x) — . + i; Ami(®) |y

() £ @(x)
v
1 o(x)
_ y
+ o(x) (a —a(t)f (t, X, _<p(x))> z? + b(t)y f g, (x, T)dt

0
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v _ y_ v
@ (x) o) o(x)

+ad () f £(t,x,7)7dr + aa(t) f ft(txr)rdr+ ()y f £.(t,x,T)tdr

> (Y0 ac(t)y y(s)
+c(t)zi21:t.f ( ())h ( ())d + — e) Z f ())h- (x(s))ds

<p(x)

b(t)p?(x) j‘ g(x,1)drt
0

DH-w©) [y +e©
i=1

t-7;(6)

~b(Opg (x,-75)y

+02(t) (a(t)f (t, X, ﬁ) — a) zy + p(t) (ﬁy + Z)

elde edilir. Boylece, (A1)-(A7) sartlart ve |uv| < %(u2 + v?) esitsizligi géz Oniine

alinirsa son esitlikten,

X
f a— ai_lhi'(u))hi(u)du
i=10
n

vo <ot Z 0 () + o)

(pj <g(x .7 - go(x)z al)rdr
0

f( LGl N +(0( + +a+Q
— - —— ) Wi |z*+p yi+zt+—
Po ‘P1 299 = l Po

n n
an (N +aN)
§ Hi ——E O; 5T E 25 t
‘Pol ' 1 ' 200 P02/ 4 '

n Mﬂ y* + n =l Jaﬂﬂw
a =i
LeGriza)) | Fren )
1J1 —
120 (Ng1 +a fz_a —a)yz
()7

ifadesi elde edilir. Burada
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olmak lizere

ve
an vn N on aofo @
——Li=10i — S Li=1Hi -
£ < min P1 ‘Po P1 Po
n N n
i=1 221 1Hi 2(,0 i=1Hi
oldugundan
U'(t) < [2(D)K,(x* + y?) + p(OK3(y? + 27 + 1) (8)
alfl—ot

olur. Burada K, = g; + ve K3 = max {1,%} dir. Boylece (5) ile tanimlanan
0

V(t) fonksiyonunun (3) sisteminin ¢6ziimleri boyunca tiirevi alinirsa

Vi) = e 28 (— Ol o 4 o (t))

p()

elde edilir. Burada ¢ = % olmak lizere e ¢ < 1 oldugundan (7) ve (8) kullanilarak
2

p(t) _ln(t)lKZ ()’2 + ZZ) p(t)
V'ii)=e ¢ | +I0®)IK,(y2+2z%) |<e & p(O)K3(y? + 2%+ 2)
+p(O)K3(y? + 22 + 2)

< 2K;3p(t) + Kuyp(OV (1)

yazilabilir. Burada K, = % olup son esitsizligin her iki tarafinin 0 dan t (¢t = 0) ye
1

integrali alinirsa

V() < V(0) + 2K, f Ip()\ds + K f PNV (S| ds < Ks + Ky f p()IIV(s)] ds

olur. Burada

K =V (0) + 2K; flp(s)lds

dir. Boylece son esitsizlikte Gronwall-Reid-Bellman esitsizligi kullanilarak

V() < Ksexp | K, f p(s)lds | = Ke ©)

elde edilir. Bu ise V(t) Lyapunov fonksiyonunun sinirli oldugu anlamina gelir.
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(3) sisteminin, Cauchy-Peano varlik teoreminden dolay1, a > 0 olmak tizere [ty, t, + a)
arahgindaki bir ¢oziimii (x(t),y(t),z(t)) olsun. Bu araligin [ty o) araligma
genisletilebilecegini gostermek istiyoruz. O halde bunun tersini kabul edelim. Yani T <
oo olmak tizere (3) sisteminin [t,, T) araliginda bir ¢6ziimii var ve

Lim (Jx(@O] + [y + [2(O)]) = o

oldugunu varsayalim. (3) sisteminin(xy,y,,2o) baslangic sartlar1 altindaki bir
(x(), y(1), z(t)) ¢dziimiinii ele alalim. Béylece (5),(7) ve (9) dan

K, p(M
DI+ DI+ 12D S e e =K,
1

yazilabilir. Buradan t = T~ i¢in |x(t)|, |y(t)| ve |z(t)| nin smrli oldugu kolayca
goriiliir. Bu ise varsayimimizla ¢elisir ve T < oo olmasinin miimkiin olmadigimi T = oo
olmasi gerektigini gosterir. Boylece ispat tamamlanur.

Ornek. Ugiincii mertebeden lineer olmayan 7,(t) >0 ve n,(t) > 0 iki degisken
gecikmeli

(14 ) x) + (a4 ) (64 o) (24 ) (129 4 25)
1+x2)* 1+t 1+y2x 1+t y 1+ y2

+2 (2 + )x(t —m@®)+2 (2 + )x(t —1n,(t)) = ! (10)

1 1
2+t 2+t 1+ t2

diferansiyel denklemini ele alalim. (10) denklemi (2) denklemi ile karsilastirildiginda

+0o0 + oo
1 2u
<P0S<P(x)=1+1+x232:<ﬂ1.f|(P(u)|du< f |m du =0 < oo,
1
=4<alt)=4+——<5= 't)=——=<
ao < a(t) +1+t_ a,,a’'(t) (1+t)2_0
1

() =24+ ——,b'(t) = ———,c(t) = 2+ 5—,¢'(t) = —=——

© 1+t © (1+1¢t)? c(®) 2+tc() (24+1t)?

n=2<c(t)<b(t)<3=N,b'(t)<c'(t) <0
fo=4<ft,x,x')=4+ <5=f,fi(t,x,x")=0,yf(t,x,x") =0,

1+ y?
g(xy) 1
g(x,0)=0andy # 0,9, = 12 ST= 12+1+yzs 13 = g4,
hi(x) ’
hi(0) =0, - 2= 8 | )] =2 = wy,
(i=12)
Ve
‘ r ds s
0 0
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ifadeleri yazilabilir. Sonug¢ olarak ¢; = g, = 3 olmak iizere (10) denklemi i¢in (Al)-
(A7) sartlar1 sagladigindan bu denklemin tiim ¢6ztimleri sinirl ve siirdiiriilebilirdir.
Ayrica (10) denkleminin ¢oziimlerinin yoriingeleri asagidaki sekil 1 de gosterilmistir.

Sekil 1. x(t), y(t) ve z(t) ¢oziimlerinin zamana gore degisimi.

3. Sonug ve tartisma

Bu calismada daha once ele almmamis linecer olmayan degisken gecikmeli bir
diferansiyel denklem gbz oniine alindi ve Lyapunov’un ikinci metodu kullanilarak bu
denklemin c¢oziimlerinin smirliligr ve siirdiiriilebilirligi iizerine yeni bir sonug¢ elde
edildi. Elde edilen sonug ele alinan denklemin ¢oziimlerinin sinirh bir aralikta degil de
sonsuz bir aralikta davranislarinin incelenmesine olanak saglayacak niteliktedir. Bu
yoniiyle calismamiz bu alanda bir ilk olmasi sebebiyle calisma yapacak olan
aragtirmacilara farkli denklemler iizerinde yontemi kullanmalar1 adina ilham kaynagi
olup daha kararli sonuglar elde etmelerine olanak saglayacaktir.
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Oz

Endiistriyel atiksularin karakterizasyonunun énemli bir ihtiya¢ oldugu ¢alismalar icin
attksularin uzun siireli takibi onem arz etmektedir. Bu ¢alismada Adiyaman Organize
Sanayi Bolgesi (ADOSB) endiistriyel atiksular1 2013-2016 yillar: boyunca izlenmis,
endiistriyel atiksu ¢aligmalart i¢in, Su Kirliligi Kontrol Yonetmeligi (SKKY) alict ortam
desarj kriterleri ile karsilastiriimasi yapilmistir. ADOSB endiistriyel atiksularinin
Kimyasal Oksijen Ihtiyaci (KOI), Askida Kati Madde (AKM), Toplam Fosfor (TP),
Toplam Azot (TN), Bakir (Cu) ve Cinko (Zn) konsantrasyonlarinlarimin (925+391 mg/L;
235464 mg/L; 5.15+1.31 mg/L; 14.68+7.94 mg/L; 2.54+0.97 mg/L; 0.83+£0.51 mg/L)
diizenlenmesini 6n planda tutabilen c¢alismalarin onem arz ettigi belirlenmistir.
Krom(Cr), Kadmiyum(Cd) ve Kursun (Pb) konsantrasyonlarimin alici ortamda toksik
seviyede olmadigi (0.20+0.18 mg/L; 0.014 mg/L; 0.29+0.12 mg/L), atiksuyun bu
ozelliklerinin korunmasi gerektigi gozlenmistir. Ayrica pH 7.57 'de renk degerlerinin
Avrupa Birligi (AB) normlarina gére yiiksek oldugu, pH degerlerinde artislar
gozlendiginde ise renk degerlerinin uygun seviyelerde oldugu belirlenmistir. Orgiin
zamanlarda dlgiilen, ADOSB endiistriyel atiksuyuna ait verilerin goz onitinde
bulundurulmasi, atiksu desarj kriterlerinin saglanmast amaciyla uygulanan veya
uygulanmast planlanan c¢alismalarin dinamikligi icin olduk¢a katki saglayabilecek
seviyededir.

Anahtar kelimeler: Adiyaman, ADOSB, karisik endiistriyel atiksu, SKKY.
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The case evaluation of industrial wastewater characterization of
Adiyaman organized industrial zone (ADOIZ)

Abstract

Long-term follow-up of wastewater is important for improvement studies where
characterization of industrial wastewater is an important need. In this study, Adiyaman
Organized Industrial Zone (ADOSB) industrial wastewater was monitored during 201 3-
2016 and compared with the Water Pollution Control Regulation (WPCR) discharge
criteria for industrial wastewater improvement studies. Chemical Oxygen Demand
(COD), Suspended Solids (AKM), Total Phosphorus (TP), Total Nitrogen (TN), Copper
(Cu) and Zinc (Zn) concentrations (925+391 mg/L; 235+64 mg/L; 5.15+1.31 mg/L,
14.68+7.94 mg/L; 2.54+0.97 mg/L; 0.83+0.51 mg/L). Thus, it has been determined that
improvement studies are important. It has been observed that chromium, cadmium and
lead concentrations are not at toxic levels (0.20+0.18 mg/L; 0.014 mg/L; 0.29+0.12
mg/L) and these properties of wastewater should be preserved. It has also been
determined that the color values at pH 7.57 are higher than the European Union (EU)
norms, and when the pH rises, the color values are at appropriate levels. Industrial
wastewater data measured in formal times are dynamic that can contribute
considerably to the fulfillment of wastewater discharge criteria.

Keywords: Adiyaman, ADOIZ, mixed industrial wastewater, WPRC.

1. Giris

Diinya niifusunun zamanla artmasi ve beraberinde teknolojinin gelismesi, ¢esitli
endiistriyel faaliyetlerin oldukca yiikselmesini neden olmustur. Bu faaliyetlerin
neticesinde olusan kentsel atiklar, 6nemli ¢evre kirliligi problemlerine sebep olmustur
[1]. Bircok gelismekte olan ve gelismis tlilkede, ¢evre kirliligi problemlerine neden olan
kentsel atiklarin, aritma tesislerinde aritilmadan desarj edilmesi ve ortamdan
uzaklagtirilmasi i¢in akarsular kullanilmaktadir. Bu durum ise halk saglig1 agisindan risk
olusturmaktadir [2,3,4].

Endiistriyel faaliyetler sonucu ortaya ¢ikan ve ekonomik gecerliligi olmayan organik ve
inorganik ozelliklerde zehirli madde atiklari, dogal olmayan bilesimleri, miktarlar1 ve
kirletici tiirleri bakimindan toprak, hava ve su ortamlarinda neden oldugu kirlilikler
bakimindan oldukca problemli atiklardir [5]. Bu problemli atiklari ihtiva edebilen
endiistriyel atiksularin kontrolsiizce dogal ortamlara birakildiginda besin zinciri yolu ile
insana kadar ulasabilmektedir [6,7,8].

Ozellikle boyama proseslerinin atiksularinda, aritma ydntemini belirleyebilecek
kapasitede boyar madde atiklari, inorganik ve organik yardimci kimyasallar
bulunmaktadir [9,10]. Alict su ortaminda diisiik konsantrasyonlarda bulunmalarinda
bile, toksik ve kanserojen etkiler ve canli organizmalarda birikme egilimleri
gozlenmistir. Neticede hastaliklar ve oliimler gerceklesmeye baslamistir. Bunun igin bu
maddeleri igeren atiksularin iyilestirilerek ekolojik dengeyi bozmayacak sekilde alici
ortama desarj edilmesi gerekmektedir [11]. Bu maddelerin 6nemli bir grubunu Bakir,
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Nikel, Kobalt, Kadmiyum, Krom, Kursun, Mangan, Cinko gibi agir metaller
olusturmaktadir [3,12,13].

Bu tip olumsuz sonuglarin minimum seviyede tutulabilmesi i¢in uygulamalarin
gerceklestirilmesi ve ilgili yatirnmlarin ydnlendirilebilmesi amaciyla Tiirkiye'de
Organize Sanayi Bolgeleri (OSB) modeli gergeklestirilmeye  calisilmistir.
Gergeklestirici olarak Devlet Planlama Tegkilat1 (DPT) gorevlendirilmistir [14].
Tirkiye’de 1962-2002 yilsonu arasinda yetmis OSB projesi, 2003’ten 2013 yilina kadar
ise seksen bes OSB projesi tamamlanmistir (155 OSB hizmete acgilmistir) [15].
Adiyaman Organize Sanayi Bolgesi (ADOSB) de bu projelerden biridir. Ilk ¢alismalara
1991°de baslanmig, 2001°de ise Bakanlik onayiyla “93 parsel/185 hektar alan”
kurulmustur. 2014 yili icin ADOSB hakkinda verilen bilgilere gore yaklasik 4100
is¢inin istihdam edildigi 93 isletme aktif durumda hizmet vermektedir. ADOSB ’de,
tekstil tiriinleri imalat1 ile ugrasan isletmeler sektorel olarak baskin durumdadir [16].

Su kirliliklerinin azaltilmasinin ve su kaynaklarinin korunmasimin saglanabilmesi i¢in
ayrica kirlilik kaynaklarmin, Kkirliligin yayilma mekanizmalarinin ve ortamda
gbzlemlenen etkilerin bilinmesi gerekmektedir [17]. Bunun i¢in olusan atiksularin uzun
stireli ve orgiin bir sekilde takibi 6nem arz etmektedir.

Bu c¢alismamizda endiistriyel atiksulardaki kirliliklerin azaltilmasi amaciyla uygulanan
veya uygulanmasi planlanan ¢alismalarin, kararli ve dinamik 6zelliklerine oldukca katk1
saglayabilecek seviyelere ulagtirmak amaciyla, ADOSB endiistriyel atiksuyuna ait
veriler uzun siireli ve 6rgiin bir sekilde takip edilmistir.

2. Deneysel calismalar

2.1. ADOSB sektorel yapist

Ulke ekonomilerinde, endiistriyel yatinm amagli altyapiyr gelistirmede 6nemli rol
oynayan “Organize Sanayi Bolgeleri (OSB)” orta dlgekli endiistrilere sahip illerde;
“Kiigiik Sanayi Siteleri (KSS)” ise kiiciik 6lgekli endiistrilerin bulundugu illerde
kurulmus ve kurulmaktadir [18].

1991 yilinda Yatirim Programina giren Adiyaman ili OSB i¢in, yer se¢cimi komisyonu
tarafindan segilen alan, Atatiirk Baraj Golii kenarinda, koruma kusagi yakininda yer
almas1 ve kentin makro formunun baraj golii yOniinde yayilmasinin Onlenmesi
nedenlerinden dolayl, GAP Idaresi tarafindan uygun goriilmemis, alternatif yeni OSB
alani olarak kentin kuzeyi secilmistir. 2000 yilinda ADOSB tesis sayis1 3 iken, 2007
yilinda 54’°e yiikselmistir. 2003’ten sonraki donemde Adiyaman ilinde sanayide tekstil
sektorlinde Onemli bir atilim ortaya c¢ikarken kalkinmada c¢ok oOnemli rolleri olan
organize sanayi bolgesinde isletme sayilarinda hizli artiglar yasanmstir [19].

2014 yih itibariyle tekstil ve gida sektorii agirlikli Adiyaman Organize Sanayi Bolgesi

caddelerinde faaliyet gosteren sektorler Tablo 1’de, atiksu konumu ile ilgili goriintii ve
bilgiler ise Sekil 1 ve Tablo 2’de verilmistir.
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Tablo 1. 2014 yili itibariyle ADOSB'de faaliyet gosteren sektorler ve OSB caddelerine

ktor faaliyetleri.

gore se
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Adiyaman OSB caddeleri
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Adiyaman OSB caddelerindeki sektor sayisi
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Sekil 1. ADOSB endiistriyel atik suyu 2014 yil1 itibariyle desarj noktalar1 (1) Egri Cay1
yataginin Atatiirk Baraj Go6li’ne baglandig1 nokta; (2) ADOSB endiistriyel atiksuyunun
Egri Cayr’na desarj edildigi nokta.

Tablo 2. ADOSB endiistriyel atiksuyu desarj koordinatlari ve rakim yiiksekligi
(Garmin E-Trex20 GPS cihazi dl¢timleri).

Atiksu Atiksu Atiksu Rakim | Atiksu Rakim Atiksu
Koordinat Koordinat yiiksekligi (m) | hassasiyeti (m) Koordinat
(Dogu) (Kuzey) (Dogu)
37431184 4180300 705 9 37431184

2.2. Olgiim cihazlart ve metotlart

Atiksu numuneleri “TS EN ISO 5667 standardina gore iki ayda bir 24 saatlik kompozit
olarak alinmustir. Yiizeysel sulara tasmabilecek KOI, BOI, TP, TN gibi kirlilik
yuklerinin hesaplanmasi en az diger parametrelerin hesaplanmasi kadar 6nemlidir. Bu
hesaplamalarin “kg/giin” olarak yapilabilmesi i¢in ise debi degerlerinin bilinmesi
gerekmektedir [20,21,22,23]. Atiksu debileri izleyici madde kullanilarak hiz-alan 6l¢iim
metodu ile belirlenmistir.
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Numune alma noktasinin koordinatlar1 Garmin E-Trex20 GPS cihaz ile belirlenmistir.
Atiksu pH ve ORP (Oksidasyon Rediiksiyon Potansiyeli) dl¢iimleri i¢in Thermo Orion-
STARA2145 marka pH metre; sicaklik, TDS (¢6ziinmiis kat1 madde), tuzluluk (salinity)
ve iletkenlik 6l¢iimleri i¢in Portable YSI EC-300 6l¢iim cihazi; renk Sl¢limleri igin
Hach-Lange DR-6000 UV (436, 465, 525 ve 620 nm dalga boyunda)
spektrofotometresi; KOI 6l¢iimii icin spektrofotometrik dichromate ISO 6060-1989
DIN 38409-H41-H44 metodu; BOI 6l¢iimii i¢in spektrofotometrik dilution -DIN EN
1899-1 metodu; AKM 6l¢iimii igin standart method; PO4>-P ve fosfat (PO4*>) dlgiimleri
icin spektrofotometrik phosphor molybdenum blue EN ISO 6878-1-1986, DIN 38405
D11-4 metodu; TN olglimleri igin spektrofotometrik oxidative digestion with
peroxodisulfate-ISO 11905-1 metodu; nitrat (NO3") ve nitrat azotu (NO3™-N) Ol¢limleri
icin spektrofotometrik 2, 6 dimetilfenol-ISO 7890-1-2-1986, DIN 38405 D9-2-EN
38405 D-2 metodu; Nitrit (NO2) ve nitrit azotu (NO2-N) Olclimleri igin
spektrofotometrik diazotisation EN ISO 26777, DIN 38405 D10 metodu; amonyak
(NH4") ve amonyak azotu (NH4"-N) olgtimleri igin spektrofotometrik indophenol blue
ISO 7150-1, DIN 38406 ES5-1 metodu; anyonik siirfaktant Olgiimleri igin
spektrofotometrik methylene blue (MBA) ISO 7875-1-2-1984, DIN 38409-H 23-1
metodu; nikel Ol¢limleri i¢in dimethylglyoxime DIN 38406-E11 metodu; bakir
Olctimleri i¢in bathocuproine disulfonic acid metodu; ¢inko ve kursun Slgiimleri igin 4-
(2-pyridylazo) resorcinol (PAR) metodu; mangan Olc¢limleri i¢cin formaldoksim metot-
TS 6289 ISO 6333 metodu; kobalt 6l¢iimleri i¢in 1-(2-pyridylazo)-2-napthol (PAN)
metodu; krom 6l¢iimleri igin DIN 38402 A51/ISO 8466-1 metodu; kadmiyum olc¢timleri
i¢in cadion metodu kullanilmistir.

2.3. Bulgular

TS EN ISO 5667 standardina gore iki ayda bir 24 saatlik kompozit olarak alinan atiksu
numunelerinin 6zellikleri Tablo 3‘de verilmistir. Tablo 3’de verilen degerler, SKKY nin
19 nolu tablosunda belirtilen kiigliik ve biiylik organize sanayi bolgeleri ve sektor
belirlemesi yapilamayan diger sanayilerden kaynaklanan karisik endiistriyel atiksularin
alic1 ortama desarj kriterleri [24] ile karsilagtirilmistir (Tablo 4).

Tablo 3’de verilen 6zelliklerin desarj edilen ortamin su kalitesini rahatlikla degismesine
sebep olabilecek araliklarda degerler aldigi goriilmektedir. Ayrica karisik endiistriyel
kaynakli atiksularin bu Ozellikleri, atiksu olusumuna goére baskin endistriyi
tanimlayabilmede 6nemlidir.

Tablo 3. ADOSB atiksuyunun 6zellikleri.

Ortalama Deger + Standart Sapma
Ortalama Debi (litre saniye™) 75+13

BOI (mg L' 516152

KOI (mg L") 925+391

pH 8.74+0.66

Aralik (min-max)

Renk (Pt-Co) 393-2625
Renk (RES-436) Remazol Yellow RR gran 2-10
Renk (RES- 525) Remazol Red RR gran 1-4
Renk (RES -620) Remazol Blue RR gran 1-2

Ortalama Deger + Standart Sapma
ORP (mV) -97+44.3
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Tablo 3. (Devamu).

Sicaklik (°C) 32428
fletkenlik (1S cm™) 4.443+798
Toplam Coziinmiis Madde (TDS) (mg L) 2.531+468
Tuzluluk (ppt) 2.10+0.40
AKM (mg L) 235:64
PO, (mg L) 15.78+4.01
Toplam Fosfor, (PO4>-P) (mg L") 5.15+1.31
Toplam Azot (mg L) 14.68+7.94
Nitrat (NO3) (mg L) 6.35+2.33
Amonyum (NH4") (mg L) 4.9842.39
Amonyum Azotu (NHs"-N) (mg L) 3.87+1.86
Nitrit (NOy) (mg L) 1.53+1.12
Nitrat Azotu (NO3-N) (mg L") 1.43+0.53
Nitrit Azotu (NO2-N) (mg L") 0.47+0.34
Anyonik siilfaktant (mg L) 5.73+1.18
Bakir (mg L") 2.54+0.97
Nikel (mg L) 1.94+1.18
Kobalt (mg L) 1.810.58
Cinko (mg L) 0.83+0.51
Krom (mg L) 0.20+0.18
Kurgun (mg L) 0.29+0.12
Mangan (mg L) 0.24+0.24
Kadmiyum (mg L) 0.014+0.000

Tablo 4. ADOSB karisik endiistriyel atiksuyunun, SKKY alic1 ortam desarj kriterleri
ile karsilagtirilmasi.

Parametreler Ortalama 24 saatlik kompozit numune desarj
Degerler standartlar1 [24]

KOI (mg L) 925+391 300

AKM (mg LY 235464 100
TP (mg L) 5.15+1.31 1
Toplam Kjeldahl Azotu (TKN) (mg L1 12.78+7.30 15

pH 8.74+0.66 6-9
Kurgun (mg L) 0.29+0.12 1
Bakir (mg L) 2.54+0.97 -
Cinko (mg L' 0.83+0.51 -
Krom (mg L) 0.20+0.18 1
Kadmiyum (mg L) 0.014+0.000 -

KOI, BOI, renk ve pH degerlerinin oldukga yiiksek degerler almas1 ve renk, KOI ve
BOI degerlerinin genis araliklarda dalgalanmalar gdstermesinden dolay1 birbirleri
arasindaki iliski Sekil.2’de; renk degerlerinin ise pH ve diger agir metallere gore yiiksek
degerleri belirlenen bakir, nikel ve kobalt degerleri ile iligkileri Sekil 3’de gdsterilmistir.
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Sekil 2. ADOSB atiksuyu renk degerlerinin (Pt-Co) pH-KOI-BOI degerleri ile iligkisi.
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Sekil 3. ADOSB atiksuyu renk degerlerinin (Pt-Co) pH-Bakir-Nikel-Kobalt degerleri
ile iligkisi.

Atik su renk degerindeki artis ve azalis ile birlikte, atiksuyun KOI, BOI, bakir, nikel ve
kobalt kirlilik yiiklerinde de yiikselme ve azalma goriilmektedir. pH degerleri, diger
yiikselme ve azalmalara gore bagimsiz bir davranis sergilemektedir.

KOI ve BOI ile bakir, nikel ve kobalt kirlilik yiiklerindeki yiikselme ve azalmalar
arasinda Anova testine gore istatistiksel bir iliski goriilmemekle birlikte nikel ve kobalt
ortalamalarinin birbirine yakin degerler aldig1 Tablo 5’de goriilmektedir.
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Tablo 4. ADOSB karisik endiistriyel atiksuyunun, SKKY alic1 ortam desarj kriterleri
ile karsilastirilmas.

OZET
Gruplar Say| Toplam |Ortalama Varyans
Atiksu KOI (mg/L) 6 5549 [924.8333 183689.4
Atiksu BOI (mg/L) 6 3094 [515.6667 27775.47
Atiksu Nikel (mg/L) 6 [ 11.625 | 1.9375 1.677318
Atiksu Bakir (mg/L) 6 15.24 2.54 1.13756
Atiksu Kobalt (mg/L) 6 10.86 1.81 0.39916
ANOVA
Varyans Kaynagi SS df MS F P-degeri | F olciitii
Gruplar Arasinda 4215621 | 4 [1053905 [24.91878(2.08*10%]2.75871
Gruplar Icinde 1057340| 25 |142293.61
Toplam 5272961 | 29

ADOSB atiksuyunun aylara bagli olarak degisen renk degerleri Tablo 6’da verilmis,
“EN ISO 7887” AB Normlar [25,26] ile karsilastirilmasi ise Sekil 4’de gosterilmistir.
Gilin boyunca 24 saatlik aliman ADOSB atiksuyu orneklerinden hazirlanan kompozit
atiksu numunesinin &lgiilen Renk RES degerleri Remazol Yellow RR gran 2-10 m™
araliginda, Remazol Red RR gran 1-4 m! araliginda ve Remazol Blue RR gran 1 m’!
civarinda degisim gostermektedir. pH degerlerinde sicak aylardan soguk aylara dogru
artis gorlilmesine ragmen, renk degerlerinde AB normlarma gore uygun degerler

gbzlenmistir.

Tablo 6. ADOSB atiksuyunun aylara bagli olarak pH ve renk degerleri.

Atiksu Renk Atiksu Renk Atiksu Renk
Atiksu Aylar Atiksu | (Remazol Yellow | (Remazol Red | (Remazol Blue
pH Renk RR Gran) RR Gran) RR Gran)
(436 nm) (525 nm) (620 nm)
(Pt-Co)| (RES (m)) (RES(m™)) (RES (m))
7.57 | TEMMUZ | 2625 10 4 1
8.32 MAYIS 393 2 1 1
8.68 MART 472 2 1 1
9.10 OCAK 1828 7 3 1
9.15 | EYLUL | 1393 5 2 1
9.63 KASIM 1328 5 2 1
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Sekil 4. ADOSB atiksuyu renk degerlerinin AB normlart ile karsilagtirmasi.

ADOSB atiksuyunun desarj kriterlerine gore dnemli baz1 6zellikleri ile, Egri Cayma
desarj edildikten sonraki ortam suyundaki oOzelliklerin karsilagtirllmasi Tablo 7°de
verilmistir. Desarj sonrasinda Egri Cayir suyunda izlenen oOzelliklerdeki degisme
araliklarin1  kararli halde ve uygun seviyelerde tutabilmek ic¢in uygulanan ve
uygulanmasi planlanan ¢aligmalar agisindan 6nem arz etmektedir.

Tablo 7. Desarj 6ncesi ve desarj sonrasit Egri Cay1 suyunun 6nemli baz1 6zellikleri.

Ortalama Deger + Standart Sapma
Desarj Oncesi Desarj Sonrast
BOI (mg L) 516+152 120+40
KOI (mg L) 9254391 339+£16
pH 8.74+0.66 8.45+0.17
Aralik (min-max)
Renk (Pt-Co) 393-2625 11924272
Ortalama Deger + Standart Sapma
ORP (mV) -97+44.3 -90.20+9.5
Sicaklik (°C) 32+2.8 22.55+0.45
Iletkenlik (uS cm™) 4.443+798 4.062+292
Toplam Coziinmiis Madde (TDS) (mg L~ 2.531+468 2.773£172
1
)
Tuzluluk (ppt) 2.10+0.40 2.25+0.15
AKM (mg L) 235464 121401
Toplam Fosfor, (PO43-P) (mg L) 5.15+1.31 1.81+01
Amonyum Azotu (NHs*-N) (mg L1 3.87+1.86 1001
Anyonik siilfaktant (mg L") 5.73+1.18 11.60+01
Bakir (mg L) 2.54+0.97 0.013+00
Nikel (mg L") 1.94+1.18 0.005+00
Krom (mg L") 0.20+0.18 0.002+00
Kursun (mg L) 0.29+0.12 0.03+00
Mangan (mg L") 0.24+0.24 0.003+00
Kadmiyum (mg L") 0.014+0.000 0.002+00
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3. Sonugclar ve tartisma

Bu calismada debisi 5785-8538 m?/giin araliginda salimim gosteren ADOSB karisik
endiistriyel atiksuyunun fizikokimyasal parametreleri 2013-2016 yillar1 boyunca
izlenerek degisim araliklari belirlenmistir. Buna gére ADOSB karisik endiistriyel
atiksuyu, desarj edilecegi alic1 su ortamu kalitesinde uygun olmayan seviyelere sebep
olabilecek kapasitedir:

“KOlaposs (= 925+391 mg L) > KOlskky (=300 mg L),
AKMaposs (=235+64 mg L) > AKMskky (=100 mg L),
TPaposs (=5.15£1 mg L) > TPskky (=1 mg L),

Min. TKNaposs (=548 mg L) < TKNskky (= 15 mg L)
Max. TKNaposs (= 20.08 mg L") > TKNskky (= 15 mg L)
pHaposs (= 8.74+0.66) ~ pHskky (= 6-9)”

oldugu i¢in ADOSB karisik endiistriyel atiksuyu KOI, AKM, TP ve TN degerlerini
iyilesmesine sebep olabilecek ve/veya bu degerlerin yiikselmesine neden olmayacak
proseslerin kullanilmasi 6nem arz etmektedir.

Kullanilabilecek klasik biyolojik ve fiziksel proseslerin KOI, AKM, TP ve TN
degerlerinde iyilestirmelerde faydasi olabilecegi gibi, ileri fiziksel aritma
teknolojilerinin  ADOSB  atiksuyunda baskin olan ¢Ozlinmiiy kati madde
konsantrasyonunun rahatlikla azaltilmasinda kullanilabilecek teknolojiler oldugu
unutulmamalidir.

SKKY sulama suyu atiksu desarj standartlarina gore eser miktarda bile zehir etkisi
goriilebilen agir metal konsantrasyonlari belirlenmis, bakir, kobalt ve nikel
konsantrasyonlarmin y1l boyunca sirastyla “2.5440.97 mg L7, “1.81+0.58 mg L' ve
“1.94+1.18 mg L ortalama degerleri ile ¢inko, krom, kursun, mangan ve kadmiyum
agir metallerinden oldukga yiiksek oldugu goriilmiistiir:

Bakiraposs (=2.54+0.97 mg L) >Bakirskky ( = ~0 )Cinkoaposs (=0.83+0.51 mg L) >
Cinkoskky (=~0)

oldugu icin ozellikle ADOSB karisik endiistriyel atiksuyu bakir ve ¢inko
konsantrasyonlarinin azaltilmasinda fiziksel adsorpsiyon ve kimyasal ¢okeltme aritma
proseslerinin kullanilmasi 6nem arz etmektedir.

Kromaposs (= 0.20+0.18 mg L) < Kromskky( = 1 mg L)

Kadmiyumaposs (=0.014+0.000 mg L") ~Kadmiyumskky (=~0 )

Kursunaposs (=0.29+0.12 mg L)< Kursunskxy (=1 mg L)

oldugu icin ADOSB karisik endiistriyel atiksuyu krom, kadmiyum ve kursun
konsantrasyonlarinda alici ortamda toksik etki goriilebilecek seviyede degildir.

Atiksuyun bu 6zelliklerinin korunmasi1 6nem arz etmektedir.

ADOSB karigik endiistriyel atiksuyu renk degerlerinin AB normlarina uygunlugu
bakimindan atiksu pH degerlerinin yliksek olmasi bir avantaj olarak goriilmektedir.
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ADOSB atiksuyunun Egri Cayr’na desarji icin SKKY alici ortama desarj kriterleri
uygulanmali ve Egri Cay1 alan1 koruma altina almak i¢in uygulanan ve uygulanmasi
planlanan ¢aligmalara 6nemli destekler verilmelidir.
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Abstract

Copper shows promising characteristics for applications in electrical sliding contacts. In
this study, copper reinforced polylactic acid (PLA-copper) composites manufactured by
fused deposition modeling (FDM). Wear behaviour of PLA-copper composites under dry
sliding conditions at three different temperature conditions (20°C, 50°C, 70°C) was
evaluated by using pin-on-disc wear test equipment with attached heating module with
SN load applied at a sliding velocity of 104.7 mm/s. Tests have presented for 1040 steel
bead interacting with polymer composite. Specific wear rates and coefficient of frictions
of PLA-Cu polymer composites were evaluated. EDX analysis were conducted to examine
the microstructure and scanning electron microscopy is used for the characterization of
the worn surfaces.

Keywords: Wear, 3D printing, polymer composite.

Eriyik yigma modelleme ile imal edilen PLA-Cu kompozitlerinin
farkli sicaklik sartlar1 altinda asinma karakteristikleri

Oz

Bakir, ozellikle elektriksel yiizey temaslarmmin bulundugu durumlarda iyi ozellikler
gostermektedir. Bu ¢alismada, bakir ile takviye edilmis polilaktik asit kompozitleri eriyik
yigma modelleme yontemi ile imal edilmistir. Uretilen PLA-bakir kompozitlerinin asinma
davranmislar: kuru siirtiinme ve ti¢ farkl sicaklik durumlarinda (20°C, 50°C, 70°C) ile
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normal kuvvet 5N, kayma hizi ise 104.7 mm/s alinarak incelenmistir. Asinma testleri ist
modiilii eklenmis pin-on-disk asinma test cihazi ile gergeklestirilmistir. Asindiran karsi
malzeme olarak 1040 celik bilya kullamimistir. Uretilen polimer kompozitlerin spesifik
asinma oranlart ve siirtiimme katsayilart belirlenmistir. Malzemelerin mikroyapisini
irdelemek adima EDX analizleri gergeklestivilmis ve asindwrilmis  yiizeylerin
karakterizasyonu igin taramall elektron mikroskobu (SEM) ile goriintiileri alinmigstir.

Anahtar kelimeler: Asinma, 3B yazma, polimer kompozit.

1. Introduction

Functionally used mechanical components are conventionally manufactured from metals
and their alloys. These materials’ performances are remarkably improved over the years.
However, parts manufactured from polymers show better performance in terms of
lightweight and ease in production. Due to their good tribological properties, light weight
and low costs polymers are commonly using in many engineering applications such as
journal bearings, seals, bushes, gears and electrical applications, etc. [1-6]. Due to
adhesive transfer film that occurs during the friction, polymeric materials shows great
wear resistance in dry sliding conditions [2].

Wear is referred as material removal from the surface during sliding motion. Surfaces in
contact during sliding motion are damaged due to fatigue, abrasion and erosion basically
[7]. Wear resistance and frictional properties of materials play a significant role in
technologic innovation and also crucial economy wise. Many studies in the literature have
been focused on this subject in recent years [8]. Ignoring these tribologic phenomenas
cause wasting of resources.

Recently, polymers take place of metals due to their low cost and lightweight in tribologic
applications. Polymer tribology is much more burdensome comparing to that of metals
[9]. Polymers show promising characteristic in tribological usage due to their self
lubrication by nature. Despite that, some of the properties like durability and strength
cannot be satisfied. To fulfill this problem, polymers are reinforced with different fillers
[10]. Numerous micro-scale particles could be used as fillers to enhance mechanical
properties like hardness, modulus of elasticity and fracture toughness but at the same time
other mechanical properties like impact strength and tensile strength reduce [11].

The other advantage of the polymers is that they could be manufactured by using rapid
prototyping techniques like Fused Deposition Modelling (FDM) process. This technique
is one of the additive manufacturing process that is cost effective and fast. In spite of the
fact that the parts manufactured by this technique are generally used as prototype.
However, parts produced with this technique are generally used as prototypes. In recent
years , FDM fabricated products are increasingly used as functional products that require
superior mechanical performance[21]. For this reason, it’s important to investigate the
mechanical properties of these parts. Researchs in the literature about wear characteristics
of these parts are very limited. There are several studies on the wear behavior of polymers
built by Fused Deposition Modelling [10,12-14]. These studies mostly focuses on
improving wear resistance of polymer by adding wear resistant materials as reinforcement
such as Al,O3, SiC, Graphene etc.
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Due to the biodegradable properties of PLA it is used as a biopolymer for orthopedic
scaffolds[17,18]. There are a few studies on PLA (Poly Lactic Acid)’s wear behavior.
Jenniffer Bustillos et al. [ 14] have studied the wear properties of PLA and PLA-Graphene
composites. In mechanical engineering applications, ABS material is more preferable
than PLA as a plastic material. Because PLA’s glass transition temperature range is
smaller than ABS. However, PLA is used frequently in biomechanical applications due
to its biodegradability.

Copper and its alloys are widely used in machines parts which have frictional contact
such as bearing, bushings, etc. High strength and ductility, fatigue strength, wear
resistance are essential for these materials [23]. Composite materials containing copper
show promising characteristics for applications in electrical sliding contacts [19]. Using
copper as reinforcement in polymer matrix considerably improve the tribological
properties of the composites [22]. Although there are tremendous studies on 3D printing
of polymer composites in the literature, there is lack of knowledge about wear
characteristics of these composites. Hence, copper was selected as reinforcement
material and PLA as matrix material in this study. Filament has been developed by 3D
printing and specimens were manufactured by FDM. To examine the wear behavior of
these composite parts in different conditions, environment temperature had been changed
while other parameters kept constant. Wear tests had been conducted by a pin-on-disk
wear testing apparatus with attached heating module.

2. Materials and methodology

2.1. Specimen preparation

PLA is used as the matrix material in granular form. Copper is used as the reinforcement
material in the powder form and added manually into the composite. Besides, copper
powder sizes varied from 5 micron to 20 micron. Firstly coppers were melt blending with
PLA matrix. After the granulation of the resulting mixture twin screw extruder was used
for the final composite filament. All of the samples have the same dimensions as 10 mm
x 10 mm x 5 mm and were manufactured by FDM at 220°C with the extrusion speed of
1 mm/s. Specimens were produced with a layer height of 2 mm and 100% infill.
Extrusion nozzles with diameter of 0.4 mm were used.

2.2. Wear tests

Dry sliding behaviour of PLA-Copper composites was evaluated at different temperatures
using pin on disc wear-testing setup with added heating module for determining the
coefficient of friction and wear rate. Test parameters were selected in accordance with
ASTM G99, Standard Test Method for Wear Testing with a Pin-on-Disk Apparatus [20],
for laboratory tests, which are shown in Table 1.

The block specimen was fixed on the base plate carefully and placed in a heat chamber.
100Cr6 steel bead was used as a counter material. Wear tests were caried out at 100 rpm
under dry sliding conditions at 20, 50 and 70 °C environment temperatures. Temperatures
were measured using RTD sensor mounted in the heat chamber. The experiments were
subjected to certain restrictions at each 13145mm sliding distance. For each temperature
three specimen were used within the test. Friction coefficient and wear rate curves
obtained from the average values of these tests.
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Table 1. Wear test parameters.

Test Parameters Values
Track diameter 20
(mm)
Duration (second) 300
Normal Load (N) 5
Temperature (°C) 20,50,70
Environment Air

3. Results and discussion

3.1. Microstructure

Figure 1 shows EDX analysis of PLA-Cu composites. Copper weight fraction of the
composite material was determined as 1.09%. Other elements can be observed from
Figure 1. Because of the oxidation, oxygen comes into existence as seen in Figure 1.
High carbon content is observed in PLA-Cu composite.

®

(®

@
T“h“4

0 3
171,611 counts in 192 seconds

@ @
Figure 1. EDX analysis of PLA-Cu composite
samples

3.2. Worn surface analysis

The SEM images of worn surfaces of PLA-Cu composites are shown in Figure 2. Since
the melting temperature of copper is much higher than that of PLA, occurring interface
bonding between the filaments is not clean due to copper particles as seen in Figure 2a.
At 50 °C testing temperature, adhesive wear mechanism transforms into a delamination
wear. It can be observed in Figure 2b. Micro sized scratch, seen in Figure 2c¢, is occurred
due to test that is conducted at room temperature. In contrast to the tests conducted at
higher temperatures, copper particles don’t rub in the subsurface at room temperature.
Therefore, these particles cause scratch on the worn surface.
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(b)

(d)

Figure 2. SEM images of the worn surfaces, (a) Interface bonding of filaments at room

temperature, (b) Delamination wear at 50 °C, (c) Observed scratch due to Cu particle at
room temperature, (d) Rubbed Cu particles in subsurface at 70 °C.

3.3. Wear rate and friction coefficient

Wear behavior of the parts developed by FDM process was examined with variation of
testing temperature. Figure 2 shows variation of wear rate under different temperatures.
Wear depth and scar width were used to determine the volume loss. Then, the wear rate
is calculated via Eq. 1.

AV
K= 1
L.Fy @

where, K is the wear rate, AV is the volume loss, L is the sliding distance and Fv is the
normal force.
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Wear volume loss was determined by using the equation provided from ASTM G99 [20]
with Eq. 2.

1
specimen volume loss = 2nR[r?sin™? (Zd—r) — (%) (4r% — d?)?] )

where:

R= wear track radius, and
d= wear track width.
r= spherical pin end radius.

As seen from the Figure 3, coefficient of friction is higher due to abrasive wear
mechanism at room temperature. Copper particles which are chopped from the surface
act as a grinder at this level of temperature. However, at higher degree of temperature,
abrasive wear transforms into adhesive wear and copper particles which are rubbed with
PLA decrease the friction between steel bead and sample. In Figure 4, the wear rates
were observed at high levels at the beginning due to surface roughness of the specimens
and after some time the wear rates get through to steady state regime. At lower testing
temperatures, wear volume rate is high as expected due to abrasive wear mechanism. As
temperature level rises, wear volume rate seems to be decreased with involvement of
adhesive wear mechanism.

0.6 -

50 Celsius

......... 70 Celsius

0.5
— — — -room temperature

o
»

I
()

Coefficient of Friction ()
o
w

0.1

Sliding Distance (mm) %10*

Figure 3. Friction coefficient-Sliding distance variation.

Figure 4. Wear rate of PLA-Cu at different temperatures.
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4. Conclusion

Throughout the 3D printing process of PLA-Copper composites, copper particles provoke
poor quality interface bonding between PLA filaments. During the wear process, copper
particles preleased from the surface give rise to debris forming. While wear mechanism
is abrasive due to copper particles that leaves the surface at low temperature,
characteristics of wear is adhesive at high temperatures. Besides that, plastic deformation
can be observed from SEM images. Temperature increases in testing environment
stimulate the plastic deformations and these deformations occur as debris on the sample’s
surface. Copper particles submerged into the specimen’s surface allow to form interface
bonding between filaments. Moreover, these submerged particles in the sample’s surface
do not cause damage on the surface. Therefore, less friction and less wear rate could be
observed at high temperatures.
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Oz

Bu ¢alismada, [1] nolu kaynakta ortaya atilan probleme iliskin literatiirde daha énce
vapilan Feng Qi tipli integral esitsizlikleri géz oniine alinarak bu tipteki integral
esitsizliklerinin (p,q)-analoglari benzer metotlar kullanilarak elde edilmistir.

Anahtar kelimeler: Esitsizlikler, (p,q)-tiirev, (p,q)-integral.

Some Feng Qi type (p, q)-integral inequalities

Abstract

In this paper, we obtain some Feng Qi type (p,q)-integral inequalities which is
considered in [1], by using closely methods from previous papers about Feng Qi type
integral inequalities.

Keywords: Inequalities, (p,q)-derivative, (p,q)-integral.
1. Giris

Integral esitsizlikleri, teori ve pratikte faydali yontemler sunan matematiksel araglardan
birisidir. Literatiirde 6nemli ¢alismalarda rol oynayan Chebyshev, Jensen, Holder ve
Minkowski esitsizlikleri ile tanimlanmis farkli integral esitsizlikleri matematigin olasilik
teorisi, diferensiyel denklemler teorisi, karar teorisi gibi ¢esitli alanlarinda genis bicimde
kullanilmaktadir. Integral esitsizlikleri {izerine calismalar1 bulunan matematikcilerden
birisi olan Feng Qi, [1] nolu c¢alismasinda, ilging bir integral esitsizligi lizerine
arastirmalar yapmis ve asagidaki sonucu kanitlamistir:

" Ilker GENCTURK, ilkergencturk@gmail.com, https:/orcid.org/0000-0002-0492-939X

366


https://orcid.org/0000-0002-0492-939X

GENCTURK i.

Teorem 1.1. n pozitif tamsay1 olmak {izere bir [a, b] araliginda siirekli tiirevlere sahip
f(x) fonksiyonu 0 < i < n — 1i¢in fP(a) = 0ve f™(a) > n! kosullarin1 saglasin. Bu
durumda, 0 < i < n- 1 olmak tizere f(x) fonksiyonu igin

b a2 b n+1
[ @) wz“ﬂm4 ©

esitsizligi gecerlidir.

Daha sonra, yazar (1) esitsizliginde n yerine herhangi bir p pozitif reel sayis1 alinirsa,
esitsizligin hangi kosullar altinda gegerliligini koruyacagina dair bir problem ortaya
atmistir. Bu probleme iligkin ilgi ¢cekici sonuglar ortaya atilmis, ayrica problem daha genel
durumlara genisletilerek kayda deger ¢alismalarla literatiire katkilar saglanmistir. Bakiniz
[1]. Bu sonuglar fonksiyonel esitsizlikler [2, 3]; Holder esitsizligi ve onun ters
varyasyonlar1 [3, 8]; Cauchy ortalama deger teoremi [4, 6]; Ol¢ii teorisi [5]; analitik
metotlar [7, 9]; Jensen esitsizligi ve konveks fonksiyonlar teorisi [11] gibi farkl
yaklagimlarla elde edilmistir.

Klasik integral esitsizliklerinin cesitli versiyonlari, farkli sekillerde tanimlanan kesirli
hesap teknikleri yardimiyla yapilmaktadir. Bu tanimlardan birisi de kuantum kalkiiliis
olarak da bilinen g-kalkiiliistir. (p, g)-kalkiiliis ise limitsiz kalkiiliis olarak da bilinen
quantum kalkdliisiin bir genellestirilmesi olarak adlandirilabilir. Son zamanlarda (p, q)-
kalkiiliis lizerine yapilan ¢aligmalar, quantum kalkiiliisiin yaptig1 katkiya benzer olarak
matematigin cesitli alanlarina kayda deger katkilar sunmaktadir. Bu ¢alismada, Feng Qi
problemi adiyla anilan bu problemin bir (p, g)-analogu tizerine sonuglar verilecek, [12]
ve [13] nolu kaynaklarda verilen g-tipli Feng Qi esitsizliklerinin genellestirilmeleri elde
edilecektir.

Calismanin ikinci kisminda, ¢alismada kullanacagimiz (p, q)-kalkiiliis tizerine gesitli
tanim ve kurallar verilecektir. Bir sonraki boliimde Feng Qi esitsizliklerinin bazi
genellestirmeleri ortaya konulacaktir.

2. Materyal ve metot

Okuyucuya uygunluk agisindan, (p,q)-kalkiiliise dair bazi notasyon ve tanimlari
hatirlatalim. Calismada, p,q sayilart 0 < q <p < 1 sartin1 saglayan iki sabit say1
olarak almmmustir. (p, q)-kalkiiliis i¢in daha detayh bilgi i¢in [14], [15] ve [16] nolu
referanslar kaynak gosterilebilir.

Tanim 2.1. Keyfi olarak verilen bir f(x) fonksiyonunun (p, q)-diferensiyeli

i gf(x) = £(px) — f(q0) @)

olarak tanimlanir.

Tamm 2.2. Bir f(x) fonksiyonun (p, q)-tlirevi, x # 0 olmak {izere
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D) = LED=LE0 3)

seklinde tanimlanir. Fonksiyonun x = 0 da klasik tiirevi varsa bu noktadaki (p, q)-tiirevi
D, £ (0) ile gosterilir ve D, ,f(0) = £'(0) dur.

Tamim 2.3. Bir n sayisinin (p, q)-analogu

(4)
olarak verilmektedir.

Tanmm 2.4. Keyfi olarak verilen f(x) igin F(x) fonksiyonu D, oF(x) = f(x) esitligini
saglasin. Bu durumda F(x)’e f(x)'in bir (p, q)-anti tiirevi denir ve

[ F@dpgr )

ile gosterilir.

Tanmm 2.5. Keyfi olarak verilen bir f fonksiyonunun (p, q)-integrali

o)

k k
[ Fopex == xS (o) ©)

k=0
olarak tanmimlanir.

Burada, f fonksiyonunun (p, q)-integral tanimi1 bigimsel bir gosterimdir. (6) ile verilen
integral, (p,q)-anti tiirevi mevcut olsa bile, her zaman bir F(x) fonksiyonuna
yakinsamaz. Bununla beraber, (p, q)-integralin hangi kosullar altinda bir (p, q)-anti
tiireve yakinsayacagina dair asagidaki teoremi verebiliriz.

Teorem 2.1. [16] 0 < g < p < 1 olsun. 0 < @ < 1 olmak {izere, |f(x)x%| fonksiyonu
(0,A] araliginda simirli ise bu durumda (p,q)-integrali (0,A] aralifinda, f(x)
fonksiyonunun bir (p, q)-anti tiirevi olan F (x) fonksiyonuna yakinsar. Ayrica, F(0) =0
oldugu da gbz dniine alinirsa F(x), x = 0 da stireklidir.

Ispat. Detayli ispat i¢in [16] nolu kaynak incelenebilir.

Tanim 2.6. Bir a reel sayisi ve verilen keyfi bir f fonksiyonun belirli (p, q)-integrali,
serinin mutlak yakinsamasi kosuluyla, |§| > 1 i¢in

oo

a qk qk
j;) f(t)dp,qt =(- Q)akz pk+1 (pk+1 a) (7)

=0

olarak tanimlanir.
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Tammm 2.7. a<b olacak sekilde a, b negatif olmayan tamsayilar1 ve verilen
f fonksiyonu igin

b b a
f FO) dy ot = f F@©) dy ot — f £ dy ot @®)
a 0 0

gecerlidir.

Teorem 2.2. [16] Herhangi bir f fonksiyonu i¢in

Dy,q J.f(t) dpqt | = f(x) 9

esitligi gegerlidir.

Ispat. (p, q)-tiirev tamimi kullanilarak istenilen sonug elde edilir.

Tanmm 2.8. n pozitif tamsay1 ve b > 0 olmak iizere a = pf:lb olsun. Bu durumda
[a, b]y 4 ve (a, b], 4 diskret araliklarini

q~
[a,bl,, = {Wb: 0<k< n}ve (a,bly, = [g7'a,bl,, (10)

olarak tanimlayalim.

3. Bulgular
Bu béliimde, [a,bl,, diskret arahik iizerinde bazi Feng Qi tipli (p,q)-integral
esitsizlikleri ortaya koyacagiz. Temel sonuglart kanitlamak i¢in 6nemli rol oynayan

asagidaki lemmay1 verelim.

Lemma 3.1. a > 1 olacak sekilde a reel sayis1 verilsin. [a, b], 4 de araliginda taniml,
negatif olmayan ve artan bir g fonksiyonu i¢in

ag* 1 (qx)Dpqlg()]Dpq < [g()*] < ag* ' (px) Dy g[g(x)] (11)
esitsizligi gecerlidir.

Ispat. Bir fonksiyonun (p, q)-tiirev tanimi kullanilirsa,

t*1dt (12)

g%(px) — g%(gqx) a fg(px)

Dpalg(®)®] = -x (-9«

g(gx)

elde edilir.
g fonksiyonu negatif olmayan ve monoton bir fonksiyon oldugundan,
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g(px)

I @0lgE0 — gavl < [ e < g pmlg(p)g(ax)] (13)
g9(qx)

yazilabilir.

[12] nolu denklemi kullanarak,

a g 1 (qx)Dpqg(x)Dpq < [g(X)*] < ag® ' (px)Dy q9(x) (14)

esitsizligi elde edilir ki bu da aradigimiz sonugtur.
Teorem 3.1. Eger negatif olmayan artan f fonksiyonu t € [a, b], 4 i¢in
fe72q@t)Dy o f @) = (a— 2)p(p*t — A)*>f472(p?t) (15)

kosulunu saglarsa, bu durumda

f re(dy gt > ( f bf(t)dp,qt> (16)
a a
esitsizligi saglanir.
Ispat. Oncelikle g(t) = fat f(w)d, , u olmak iizere t € [a, b], 4 i¢in

t t a-1
PO = [ Fadyq - ( | f(u)dp,qu> (17)
fonksiyonunu g6z oniine alalim.
Fonksiyonun (p, q)-tiirev tanim1 ve Teorem 2.2 kullanilirsa
Dy gF () = f*(t) — Dpqlg* ' (®)] (18)
elde edilir.

f ve g fonksiyonlarmin [a, b], 4 lizerinde artanligindan dolay1, Lemma 3.1 yardimiyla,

Dp,qF(t) 2 fa(t) - (O( - 1)ga_2(pt)Dp,q [g (t)]
> f48) — (a = Dg*Of (O = F(ORE®) (19)

elde edilir. Burada h(t) = f¢1(t) — (a — 1) g% ?(pt) olarak tanimlanmistr.

(p, q)-tiirev tanimindan

Dy qh(t) = Dy of 4 H(t) = (@ — 1D, 09 *(pt) (20)
oldugu goriilebilir.
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Diger taraftan, yine Lemma 3.1 yardimiyla

Dy h(t) = (a = 1) f2(qt) Dy of () — (a — D(a — 2)g* 3 (p*t) Dy 49 (pD)]
> (a—1)f*2(qt)Dyqf (£) — (a — D) (a — 2)g*“ 3 (p*t)pf (pt) (21)

elde edilir.
f fonksiyonu artan bir fonksiyon oldugundan,
p2t

g*) = | fwd,qu < f@*)(P*t—a) (22)

a

yazilabilir.

Bu durumda teoremin sartlar1 ve (21)-(22) esitsizliklerinden

Dy qh(t) = (a — D[f*2(qt)Dp o f (t) — (a — 2)(p*t — @) * 3pf*2(p?t)]
>0 (23)

elde edilir ki h(a) = f%*(a) = 0 oldugu gbz 6niine alnirsa t € [a, b], 4 i¢in h(t) = 0
oldugu goriiliir.

Son olarak, F(a) = 0 ve D, F(t) = f(t)h(t) = 0 oldugundan her t € [a, b], 4 icin
F(t) = 0 ve 6zel olarak t = b igin

-1

b b o
F(b) =f fewdyu — (f f(u)dplqu> =0 (24)

dir. Bu da teoremi kanaitlar.

Teorem 3.2. Eger [a, b], , araliginda negatif olmayan artan f fonksiyonu, a > 1 ve § =
1 olmak tiizere

(= Df*2(qt)Dp o f () = BB — DfF ' @*)p(p*t — @)P~? (25)

sartin1 saglarsa, bu durumda

b b B

f fe®)dyqat = (f f(t)dplqt) (26)
a a

esitsizligi saglanir.

Ispat. t € [a,b],, i¢in g(t) = f;f(u)dp,q uve

t t B
F(t) = j fedy qu — <J f(u)dp,qu> (27)
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fonksiyonlarii tanimlayalim.

Fonksiyonun (p, q)-tlirev tanimindan

DpaF(®) = F(t) = Dy g 9P (®)] (28)
yazilabilir.

[a,b], iizerinde f ve g fonksiyonlar: monoton oldugundan, Lemma 3.1 den

Dy oF(£) = f(t) — BgP (pt) Dy g [g ()]
> f4(t) = BgP () f (1) = f()h(L) (29)

elde edilir. Burada h(t) = f*~1(t) — BgP~1(pt) dir.

f (t) fonksiyonu negatif olmayan ve artan bir fonksiyon oldugundan

Dy qh(t) = Dy o f*1(t) — BDpqg®*(pt)
= (0( - 1)fa_2 (qt)Dp,qf(t) - B(B - 1)98_2(p2t)Dp,qg(pt)
> (a— Df*2(qt)Dpqf (&) — BB — DfF2(@*0) (p*t — a)P~2pf (px)
> (a = 1Df2(qt)Dpof (1) — BB — D1 (p*O)p(p?t — a)P~2 (30)

olur ki bu durum teoremin sartlarindan D, ,h(t) = 0 oldugunu gosterir. (p, q)-tiirev
tanim1 goz Oniine almirsa h(t) = 0 ve D, F(t) = 0 elde edilir. Sonug olarak F(t) = 0
dir. Ispat tamamlanmus olur.

Teorem 3.3. Negatif olmayan artan f fonksiyonu, 3 > 1 olmak iizere

Bp(p*t — a)f?
(b —a)f-1

fPat) = fP®*) (3D

sartin1 saglarsa, bu durumda

B+1
[ @) et > ([ 10 (32)

esitsizligi saglanir.

Ispat. t € [a,b], 4 icin g(t) = f;f(u)dp,q uve

s 1 t B+1
F(t)—f (F©)* ™ dpyt W(f f(t)dp,qt) (33)

fonksiyonlarini tanimlayalim.

(p, q)-tirev tanimu kullanilirsa,

372



GENCTURK i.

1
Dp,qF<t)=fB+2<t)—W DpqlgPt ()]

> fP2(t) - %g (pt)Dyp,q9(t)

> fP*2(e) - %gﬁ(pt)f (®) = fF(OR(D) (34)
elde edilir ki burada h(t) = fB+1(t) — % gP(pt) olarak tanimlanmustir.
Diger taraftan,

1
Dpgh(®) = Dy f 10 = D, 00 (o) (35)
dir.
Lemma 3.1 yardimiyla
1

Dpgh(®) = (B + 1FP(qD) - Hﬁgﬁ‘l(ﬁt)%,qy(pt)

> B+ DfP(qt) - %BgB '(*pf (pt) (36)

yazilabilir.
f fonksiyonu negatif olmayan bir fonksiyon oldugundan,
p’t

g@*) = | fwd,.u < f@*)(P*t—a) (37)

a

oldugu aciktir. Dolayisiyla

1
Dpoh(®) = (B+ 1FP(g0) - Hﬁp(pzt — PO f(pt)
> (B 1f7(00) ~ 5 e Bp(pt — P00
—_ q)B-1
R A S IET: (38)

olur. Sonug¢ olarak h(t) = h(a) oldugundan h artan bir fonksiyondur. Buradan
D, qF(t) = f(t)h(t) = 0 dir. F(t) artan bir fonksiyon oldugundan F(t) = F(a) = 0
dir. Bu ise aradigimiz sonugtur.

Teorem 3.4. Eger [a, b],, araliginda negatif olmayan artan f fonksiyonu

f(a)=aveD,,f(x) =p+q (39)
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sartlarin1 saglarsa, bu durumda

b 2a+1 b 2
f (f@®) dpqt = (f f“(t)dp,qt> (40)

esitsizligi saglanir.

Ispat. F(t) ve g(t) fonksiyonlarini

F(t) = f (f@))““dp,qt—( f f“(t)dp,qt) @1)
Ve
g(0) = f Fe@)d, qu 42)

olacak sekilde tanimlayalim.

(p, q)-tiirev tanimindan t € [a, b],, 4 i¢in

DpgF(®) = F2541(t) = Dy o (9(H)?) (43)
ve

g*(pt) — g*(qt) _ g(pt) — g(qt)

T T s vl CICORIICD))

Dp,q (g(t)z) =

= Dypq(9(©))(g(@t) + g(qt))

= f®(g(pt) + g(qt)) (44)
oldugu goriilebilir.
(43) denklemi yeniden gbz Sniine alinirsa,
DpaF () = fEO[f** (1) = (9t) + g(q1)] = F*(OR(®) (45)
elde edilir. Burada, h(t) = f**1(¢) — (g(pt) + g(qt)) dir.
Yine (p, q)-tiirev tanimi kullamlirsa
Dy qh(t) = Dp o f “*(t) — Dp,eg(pt) — Dp,q9(qt)

I i 0 B i C'10)
-t

—pf%(pt) — qf*(qt)
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ft) —p(p - )t _ fo t)f(qt) —qlp -t
-t R

= f%(pt) (46)

elde edilir.

Diger taraftan, teoremin varsayimlarindan biri olan D,, , f (t) = (p + q) kullanilirsa

fpt) = f(qt) + (p* — gt (47)

oldugu goriiliir.

Dolayisiyla,
w f@)+ @ —g)t—plp—qt _  fqt) +qp -t
D, h(t) = f*(pt) T f*(qt) =)t
> WO =70 ) + g — ] > 0 (48)

-t

ki bu durum [a, b], 4 lizerinde h fonksiyonunun kesin artan oldugunu gosterir.

Ayrica, h(a) = [f(@)]P** — (p — @)af(a) > 0 oldugundan ¢ € (a, bly,q icin h(t) >
h(a) > 0 dir. Buradan t € (a, b, 4 i¢in D, ,F(t) > 0 oldugu gériiliir. Dolayisiyla F(t)
fonksiyonu (a,b],, de kesin artan bir fonksiyondur. Ozel olarak t = b icin F(b) >
F(a) = 0 dir.

3. Sonuglar ve tartisma

Integral esitsizlikleri matematigin cesitli alanlarinda énemli uygulamalar1 oldugu gibi
kendi alaninda ilgi ¢ekici sonuglar sunmalari ile biiyiik bir etkiye sahiptir. Klasik analiz
ile beraber quantum kalkiiliiste incelenen Feng Qi esitsizlikleri goz oniine alindiginda
(p, q)-kalkiiliisiin tanimlari kullanilarak elde edilen bu tipteki integral esitsizlikleri daha
genel bir forma sahiptir. Bu ¢alismanin sonuglarinin daha onceki yapilan ¢aligmalarin
sonuclari ile 6zel se¢imler altinda -6rnegin p = 1 sec¢imi g-tipli integral esitsizliklerini
verir- uyumluluk gosterdigine dikkat ¢ekmekte ve sonuglarin klasik F. Qi esitsizliginin
rol oynadigi alanlarda yararli olacagini diistinmekteyiz.
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