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Orta Anadolu Bolgesi (Tiirkiye) ve civarindaki giincel deprem aktivitesinin sismik
durgunluk ve magnitiid-deprem sayisi istatistigi

Serkan OZTURK ¥
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Gelis (Received): 13.09.2019 Diizeltme (Revision):09.10.2019 Kabul (Accepted): 16.10.2019
oz

Bu calismada, Tiirkiye’nin Orta Anadolu Bolgesi ve civarindaki giincel deprem aktivitesinin sismik durgunluk ve
magnitiild-deprem sayisi istatistikleri gergeklestirilmistir. Son yillardaki gii¢lii/biiyiilk deprem olusumlari nedeniyle
bu bolgedeki depremsellik ¢aligsmalart olduk¢a 6nem kazanmustir. b-degeri 2002 yilindan sonra bir azalma egilimi
gostermektedir ve 2019’un baginda 1.58+0.03’ten 1.25+0.05°¢ diigmiistiir. b-degerinin bolge-zaman dagilimlart,
giiney, bati, kuzeybati ve giineybati yonleri boyunca NF ve civarinda, MFZ, KKFZ ve KOFZ arasinda, kuzeybati
yonii boyunca SRF ve civarinda, SRF ile DAFZ arasinda &nemli degisimler gostermektedir. 2019 yili
baslangicindaki sismik durgunluk bélgeleri, TGFZ nin kuzeybati sonlarim1 ve AF’yi igeren ¢alisma alanimi, SF’nin
kuzeydogusunu, SF ile OAFS arasini, OAFS’nin kuzeydogu kisimlarini, MF’nin batisini, SRF ile DAFZ arasini,
TGFZ’nin giineydogu sonunu, KKFZ ve civarini, Tuzgoli'niin giineybatisim icermektedir. Sonu¢ olarak, Bu
bolgeler, gelecekteki giiclii/biiyiik depremler i¢in en olasi alanlardan birisi olarak diisiiniilebilir.

Anahtar Kelimeler: b-degeri, deprem potansiyeli, sismik durgunluk, sismik tehlike

Seismic quiescence and magnitude-frequency statistics of current earthquake activity in
the Central Anatolian Region (Turkey) and its vicinity

ABSTRACT

In this study, seismic quiescence and magnitude-frequency statistics of current seismic activity in and around the
Central Anatolian Region of Turkey were achieved. Seismicity studies in this region have gained considerable
importance due to the strong/large earthquake occurrences in recent years. b-value shows a tendency to decrease
after 2002 and decreases from 1.58+0.03 to 1.25+0.05 at the beginning of 2019. Region-time distribution of b-value
shows significant changes in NF and its vicinity along the south, west, northwest and southwest directions, among
MFZ, KKFZ and KOFZ, in and around SRF and along its northwest direction, between SRF and EAFZ. Seismic
quiescence regions at the beginning of 2019 consist the northwest ends of TGFZ and study area including AF, the
northeast of SF, between SF and CAFS, the northeast parts of CAFS, the west of MF, between SRF and EAFZ, the
southeast end of TGFZ, KKFZ and its vicinity, the southwest of Tuzgdlii. Consequently, these regions may be
considered as one of the most likely areas for future strong/large earthquakes.

Keywords: b-value, earthquake potential, seismic quiescence, seismic hazard

GIRIS iligkisinin ~ b-degeri  olarak  bilinmektedir  [1].
Giicli/biiyiik deprem olusumlarinin olusma
olasiliklarinin  ve tekrarlama zamanlarinin tahmini

oldukca 6nemli oldugundan, bu 6l¢ek yasasi dagilimi

Deprem olusumlarinin bolgesel ve zamana bagh
degisimlerinin istatistiksel olarak analizi, deprem

istatistiginde farkli parametreler kullanilarak yapilabilir.
Bununla birlikte, sismotektonik aktivitelerin bolge-
zaman degisimlerini ortaya koyabilmek i¢in gelistirilmis
oldukga etkili birgok yontem mevcuttur. Depremselligin
nicel bir analizi i¢in sismotektonik b-degeri ve Oncii
sismik durgunluk Z-degeri gibi temel ve en sik
kullanilan parametreler tercih edilebilir.

Deprem olusumlarinin magnitiid-deprem sayisi iligkisi
deneysel olarak tamimlanmis olup, Gutenberg-Richter

deprem istatistiginde, istatistiksel sismolojide ve deprem
tehlike ¢alismalarinda olduk¢a yaygm bir sekilde
kullanilmaktadir. b-degerinin bolge-zaman dagilimlart
sismotektonik  yapilarin tanmimlanmasi, gerilmenin
bdlge-zaman-derinlik degisimlerinin ortaya konmasi,
biiyiik ve kiigiik depremlerin rolatif oranlarinin analizi
gibi bir¢ok degerlendirmeye imkan saglamaktadir [2].
Genel bir ifadeyle, bir bolge i¢in b-degerinde, hem
bolgesel hem de zamansal olarak, bir azalma s6z konusu

645
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magnitiid-deprem sayisi istatistigi. Mus Alparsian Universitesi Fen Bilimleri Dergisi, 7 (2), 645-652.



ise deprem olusma olasiligindan bahsedilebilir.
Depremselligin bolgesel ve zamana bagli degisimlerini
tanimlamada kullanilan bir diger 6nemli uygulama ise
depremsellik oran degisimlerinin analiz edilmesi olarak
verilebilir. Oncii sismik durgunluk (Z-degeri), bir
bolgedeki onceki ortalama deprem aktivitesine kiyasla
mevcut deprem aktivitesindeki 6nemli bir diisiis olarak
tamimlanir [3]. Bu durgunluk periyodu, deprem odak
bolgesinde ve civarinda, ana soktan Onceki birkag yil
icerisinde goriilebilir ve deprem sayisindaki bu azalma,
depremsellikteki artisla, nispeten kisa bir periyod ile ana
soktan ayrilabilir [4]. Sonucta, deprem sayilarindaki
azalma donemleri giiglii bir sekilde sismik ve tektonik
yapilara  baglt  oldugundan, depremsellik oran
degisimleri sismik tehlike ¢alismalart i¢in 6nemli bir
adimi teskil etmektedir.

Bu c¢alismanin temel amaci,
parametreler  kullanilarak, detayli  sismotektonik
calismalarin  ve tehlike analizlerinin yapilmadigi
Tiirkiye’nin Orta Anadolu Bolgesi (OAB) ve civarimi
kapsayan alanda, deprem olusumlarinin bolgesel ve
zamana bagli degisimlerinin giincel ve giivenilir bir
degerlendirmesini yaparak, deprem riski ve tehlikesi
icin on bilgiler saglamaktir. Bu tiir parametreler
Tiirkiye’nin ve diinyanmn farkli bolgeleri igin yapilan
birgok istatistiksel ¢alismada kullanilmig ve son yillarda
onemli sonuglar elde edilmistir [5-12].

yukarida bahsedilen

Orta Anadolu Boélgesi Ve Civarinin Depremselligi Ve
Tektonik Ozellikleri

Tirkiye’'nin OAB ve civari kisa ve orta vadede biiyiik
veya yikict depremlerin olusumu agisindan Snemli bir
deprem tehlikesine sahip degildir. Bununla birlikte,
gecmiste ve yakin zamanda OAB ve civarinda 4
Temmuz 1978 Bala-Ankara (M5.3), 21 Nisan 1983
Bala-Ankara (M5.0), 27 Haziran 1998 Hasanbeyli-
Adana (M6.3), 25 Haziran 2001 Arslanli-Osmaniye
(M5.5), 14 Aralikk 2002 Andirin-Kahramanmarag
(M5.6), 20 Aralik 2007 Bala-Ankara (M5.7) ve 10 Ocak
2016 Hacidurakli-Kirsehir (M5.1) gibi bazi giiclii/biiyiik
depremler meydana gelmistir. Dolayisiyla, son
yillardaki gii¢lii/biiyiik deprem olusumlart nedeniyle
OAB i¢in deprem tehlikesi ¢aligmalar1 daha da 6nemli
hale gelmistir.

OAB, Tirkiye’nin Anadolu blogundaki en Onemli
tektonik  sistemlerinden  biridir. Dogudan gelen
sikistirma ve batiya dogru olan genisleme rejimleri bu
bolge iizerinde oldukga etkilidir. OAB ve civarinda KG
ve KKD-GGB kisalmasi baskindir ve Kibris boyunca
Anadolu ve Afrika levhalarn arasindaki carpigmali
hareketler bu kisalma iizerinde oldukga etkilidir [13].
OAB ve civarindaki ana tektonik yapilar Tuzgéli Fay
Zonu (TGFZ), Orta Anadolu Fay Sistemi (OAFS),
Karsanti-Karaisali Fay Zonu (KKFZ), Akpmar Fayi
(AF), Nigde Fay1 (NF) ve Salanda Fay1 (SF) olarak
verilebilir. Ayrica, ¢alisma alani simirlar igerisinde
kuzeyde Kuzey Anadolu Fay Zonu (KAFZ), Yagmurlu-
Ezinepazar1 Fay Zou (YEFZ) ve Tasova-Corum Fay
Zonu (TCFZ), batida Beysehir Grabeni (BG), Aksehir

Fay Zonu (AFZ) ve Aksehir-Afyon Grabeni (AAG),
giineydoguda Yakapmar-Goksun Fay Zonu (YGFZ),
Karatag-Osmaniye Fay Zonu (KOFZ), Dogu Anadolu
Fay Zonu (DAFZ), Bozova Fay1 (BZF) ve Oliideniz Fay
Zonu (ODFZ), giineybatida Mut Fay Zonu (MFZ) ve
doguda ise Siirgii Fay1 (SRF), Malatya Fay1 (MF) ve
Ovacik Fay1 (OF) mevcuttur. Hem genisleme hem de
sikistirma igeren bu fay sistemleri ¢ogu sag yonlii ve sol
yonlii dogrultu atimli faylardan olusan oblik atimli fay
sistemlerinden meydana gelmistir. OAB i¢in sismik ve
tektonik detaylar farkli ¢aligmalarda ele alinmigtir [13-
15]. OAB i¢in temel tektonik hatlar farkli ¢aligmalardan
[13, 16, 17] derlenmis ve Sekli 1°de verilmistir.
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Sekil 1. OAB ve civart igin temel tektonik yapilar [13,16,17].
Fay isimleri metin igerisinde verilmis, ¢aligma alani sinirlar
icerisinde kalan bazi 6nemli yerlesim merkezleri sekil
tizerinde gosterilmistir: Ank: Ankara, Yoz: Yozgat, Siv: Sivas,
Krs: Kirsehir, Kys: Kayseri, Kon: Konya, Ngd: Nigde, Khm:
Kahramanmarag, Osm: Osmaniye, Adn: Adana

MATERYAL ve YONTEM

Bu ¢alisma kapsaminda, 1970-2006 yillart arasindaki
depremler igin kullanilan katalog Oztiirk [13]’ten
alinmistir. Ayrica, 2007-2019 yillart arasindaki deprem
verisi Bogazici Universitesi, Kandilli Rasathanesi ve
Deprem Aragtirma Enstitiisit (KRDAE) ile Afet ve Acil
Durum Yo6netim Bagkanligi (AFAD) web sayfalarindan
temin edilen Kkataloglardan derlenmistir. Istatistiksel
bolge-zaman analizleri i¢in Eylil 1974-Aralik 2018
yillar1 arasinda magnitiidii 1.0-6.0 arasinda degisen
16702 s1g depremi (derinlik < 70 km) igeren katalog
kullanilmigtir.  Kullanilan deprem katalogu  siire
magnitiidii Mg’ye gore homojen ve yaklagik 44.29 yillik
bir zaman araligi igerisinde silireklidir. Analizlerde
kullanilan ve 16702 depremi igeren orijinal deprem
katalogu farkli magnitiid gruplari i¢in farkli semboller
kullanilarak Sekil 2°de gosterilmistir.

Deprem istatistigi calismalarinda deprem verisindeki
bagimli ve bagimsiz olaylarin birbirinden ayirt edilmesi
giivenilir ve yiiksek kaliteli deprem tehlikesi analizleri
i¢in 6nemli bir adimdir. Dolayistyla, deprem kataloglar
ayrigtirlmali  (decluster, decompose) ve depremler
birincil ve ikincil olaylara ayrilmalidir. Bu islem
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sonrasinda tim bagimli olaylar bagimsiz olaylardan
ayrilir ve bu bagimli depremler her bir kiimeden
cikarilarak tek bir olaya atfedilir. Bu c¢alisma
kapsaminda, deprem katalogunu ayrigtirmak i¢in ZMAP
yazilimi [18] ile Reasenberg [19] tarafindan gelistirilen
algoritmaya dayali ayristirma yontemi kullanilmistir.
Buna ek olarak, tamlik magnitiidi (Mc-degeri),
istatistiksel depremsellik ¢aligmalarinda olduk¢a 6nemli
bir parametredir. Mc-degeri, tam bir deprem kaydinin
minimum biyiikligidir ve depremlerin magnitid-
deprem sayist dagihmi i¢in hesaplanabilir [20].
Katalogdaki depremlerin %90’1n1 i¢eren bu degerdeki
zamana bagli degisimler, 6zellikle b-degeri ve Z-degeri
basta olmak iizere bircok depremsellik parametresinin
hesaplanmasini etkiler. Deprem kayit aginin depremden
hemen sonra kurulamayisi yiiksek aktivite siiresince
kiiciik olaylarin  kayit edilmesini zorlagtirir ve
dolayisiyla katalogun ilk donemlerinde Mc-degeri
yiiksek olur. Mc-degerinin tahmini, magnitiid-deprem
sayist dagilimina ve Mc-degerinin yaklasik ilk dizisi
olarak bu dagilimin ilk tiirevinin maksimum deger
hesabmna dayanir [20]. Her bir pencere basina belli
sayida deprem dikkate alinarak bu deprem dizisi igin
ortalama bir magnitiid degeri hesaplanmis ve her bir
pencere icin hesaplanan bu deger o pencereyi kapsayan
zaman araligl i¢in ortalama Mc-degeri olarak kabul
edilmistir. Dolayisiyla, Mc-degerinin hesabi iist iiste
binen hareketli pencere teknigi kullanilarak maksimum
olasilik yontemiyle zamanin bir fonksiyonu olarak
hesaplanabilir. Sonugta, tiim istatistiksel parametrelerin
analizlerinin  yiiksek  kalitedeki  sonuglari  i¢in
katalogdaki maksimum deprem sayisinin kullanilmasi
hedeflenmistir. Bu caligmada tiim istatistiksel bolge-
zaman analizleri Wiemer [18] tarafindan saglanan
ZMAP yazilim programi ile yapilmistir.
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Sekil 2. OAB ve civari i¢in 1974-2019 yillar1 arasinda M¢>1.0
olan 16702 s1g depremi igeren orijinal deprem katalogunun
episantr dagilim haritast. Depremlerin magnitiid degerleri
farkli sembollerle gosterilmistir

Ayrigtirma igleminden sonra, 1595 deprem (katalogun
yaklasik % 9.55’1) katalogdan ¢ikarilmis ve geriye
15107 deprem kalmistir. Mg>1.0 olan ve s1g depremleri
iceren orijinal deprem katalogu i¢cin Mc-degeri 1974-

2019 periyodunda 1.7 ile 3.6 arasinda degisim
gostermekte olup (Sekil 3), buna bagli olarak Mc-degeri
ortalama 2.6 olarak alimmgtir. Mc-degeri, b-degerinin
ve Z-degerinin dogru olarak tahmin edilmesinde
oldukga etkili oldugu i¢in zamana bagli Mc degisimleri
analiz edilmis ve dikkatli bir sekilde tahmin yapilmustir.
My<2.6 olan depremlerin sayisi 8633 olup, bu degere
sahip tim depremler katalogdan ¢ikarilmustir.
Dolayisiyla, ayristirma iglemi ve Mg<2.6 olan
depremlerin  katalogdan ayirt edilmesinden sonra,
depremlerin toplamda yaklasik % 61.24’i katalogdan
cikarilmig ve analizler i¢in kullanilan deprem sayisi
6474°¢ diismiistiir (Sekil 4). Sonug olarak, istatistiksel
analizlerde daha homojen, tekdiize ve giivenilir deprem
katalogu kullanilmustir.
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Sekil 3. Mc-degerinin zamana bagli degisimleri. Tamlik
magnitiidii analizi hareketli pencere teknigi ile 6rneklenmistir
ve her bir pencere 250 depremi icermektedir. Kesikli ¢izgi
standart sapmay1 (8Mc) gostermektedir
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Sekil 4. Mg>1.0 olan tiim katalog i¢in, M¢>1.0 ve M¢>2.6 olan
ayristirllmig  katalog igin zamanm bir fonksiyonu olarak
kiimiilatif deprem sayisi
Magnitiid-Deprem (Gutenberg-Richter
Niskisi, b-degeri)

Sayisi

Gutenberg-Richter [1] boyut-6lgek iligkisi (G-R)
deprem istatistiginin temel bagintisi olarak bilinir. Bu
deneysel gii¢ yasasi deprem olusumlarinin magnitiid-
frekans dagilimmi tanmimlar ve matematiksel olarak
asagidaki gibi ifade edilir:

log,o N(M)=a—bM 1)

Burada N(M) magnitiidiit M’den biiyiikk veya esit olan
belirli bir donem igerisindeki depremlerin kimiilatif
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sayisi, a ve b-degerleri ise sabitlerdir. a-degeri deprem
aktivite  seviyesindeki  degisimleri  gosterirken,
magnitiid-deprem sayist dagiliminin egimi b-degeri ile
verilir. a-degeri farkli bolgeler igin 6nemli degisimler
gosterir ve bu degisimler ¢aligma alaninin uzunluguna,
katalogun periyoduna ve deprem sayisina oldukca
bagimlidir. b-degeri diinyanin farkl bolgeleri i¢in 0.3-
2.0 arasinda degisim gosterir [21]. Bununla birlikte, G-
R bagintisindaki ortalama b-degeri yaklasik 1.0 olarak
kabul edilir [22]. b-degeri kiigiik ve bilyiik depremlerin
rolatif  sayilariyla iliskili olmasina ragmen, b-
degerindeki  degisimleri etkileyen birgok faktor
mevcuttur. Laboratuvar ¢aligmalari, b-degerindeki bir
azalimin, kayma gerilmesindeki bir artigla ve basingtaki
bir azalmayla iliskili oldugunu ortaya koymustur
[2,21,22,23]. Ayrica, c¢atlak yogunlugu, termal
degisimler, jeolojik yapilar, fay uzunlugu, malzeme
ozellikleri, kayma dagilimlar1 ve yamulma kosullar1 b-
degerinde 6nemli degisimlere neden olur [2,23]. Sonug
olarak, b-degeri reolojik (cisimlerin gerilme altinda
zamana bagli degisimleri) ve jeoteknik ozellikler igin
Olgekten bagimsiz temel bir parametredir.

Standart Normal Sapma Z-testi (Oncii Sismik
Durgunluk, Z-degeri)

Depremsellik oran degigimlerini tanimlamak ve analiz
etmek i¢in birgok istatistiksel model mevcuttur. Bu
yontemlerin ¢ogu sismik durgunlugun ana depremlerden
onceki bolgesel ve zamana bagli modellemelerini
kullanir. Bu tiir depremsellik analizleri i¢in en sik tercih
edilen yontemlerden biri standart normal sapma Z-testi
olarak verilir. ZMAP teknigi sismik durgunluk gosteren
alanlar1 haritalamak i¢in kullanilir [24]. Standart normal
sapma Z-testi standart sapma birimindeki giiven
seviyesinin istatistiksel degerlendirmesi i¢in Uzun
Vadeli Ortalama (Long Term Average, LTA) iiretir ve
asagidaki denklem ile verilir:

R1 _Rz
o o ]

74_7

n, n,
Burada R; tiim 6n pencere igerisindeki depremler i¢in
ortalama aktivite orani, R tlim arka plan penceresindeki
depremler igin ortalama depremsellik orani, o ve n ise
sirastyla standart sapmalar ile pencere igerisinde ve
disarisindaki  Orneklerin  sayisidir.  Zamanin  bir
fonksiyonu olarak hesaplanan Z-degeri, deprem
katalogunun periyodu boyunca 6n pencerenin belli
zaman araliklari ile kaydirilmasina ve her periyod igin

deprem aktivitesindeki degisimlerin haritalanmasina
olanak saglar.

Z(t)= @)

BULGULAR ve TARTISMA

Bu caligmada temel hedef, 2019 yili baslangicinda
Tiirkiye’'nin OAB ve civart igin iki sismotektonik
parametre b-degeri ve Z-degerinin bdlgesel ve zamana
bagli degisimlerinin analiz edilmesiyle deprem tehlikesi

ve riski i¢in bazi 6n degerlendirmelerde bulunmaktir.
Bu tiir kapsamli istatistiksel analizler i¢in bu ¢aligmada,
deprem aktivitesinin zaman-magnitiid dagilimi, zamanla
Mc-degeri degisimi, b-degeri ve Z-degerinin bolgesel ve
zamana bagli degisimleri ile bu parametreler arasindaki
iligkiler irdelenmistir. Sonugta, OAB ve civart igin
gelecek deprem olusumlart igin kullanilabilir bilgiler
ortaya koyarak giincel ve gelecek deprem potansiyeli
belirlenmeye calisiimstir.

Istatistiksel bolge-zaman analizlerini iceren
depremsellik caligmalarinda minimum magnitiidli
depremin se¢imi i¢in Mc-degerinin tahmini oldukgca
o6nemlidir. Bu nedenle, Mc-degerinin zamanla degisimi
ve standart sapmasi hesaplanmis ve Sekil 3’te
gosterilmistir. Zamanin bir fonksiyonu olarak Mc-
degerinin tahmini hareketli pencere teknigi kullanilarak
yapilmistir. 16702 depremi igeren orijinal deprem
katalogu kullanilmis ve Mc-degerinin tahmini igin
pencere basma 250 deprem ile 6rneklenmistir. Zamanin
bir fonksiyonu olarak Mc-degerindeki degisimleri daha
ayrintili olarak inceleyebilmek i¢in katalog dort farkli
zaman dilimine ayrilmis ve belirli periyodlardaki
dalgalanmalar daha net ortaya konmustur. Mc-degeri
1974-2002 yillar1 arasinda oldukc¢a bilyiik (3.0-3.6)
degisimler gosterirken, 2002-2008 yillar1 arasinda
2.6’dan 3.0 civarina kadar degismektedir. 2008’den
2013’e kadar 2.0-3.0 arasinda degisim gosterirken, 2019
yili basinda yaklasik 1.8 degerine kadar distigi
goriiliir. Sonug olarak, Sekil 3’te goriildiigi gibi Mc-
degeri 1974-2019 yillar1 arasinda 1.7’den 3.6’ya kadar
sabit olmayan bir degisim gosterir. Mc-degerinin
tahmini i¢in yapilan bu analize gore, Mc-degeri
ortalama 2.6 olarak varsayilmis ve tiim parametrelerin
tahmininde bu Mc-degeri degeri kullanilmisgtir.

Mg¢>1.0 olan ve tiim depremleri igeren orijinal katalog
(16702 deprem), Mg>1.0 olan aynstirilmig katalog
(15107 deprem) ve Mg>2.6 olan ayristirilmig katalog
(6747 deprem) icin zamanin bir fonksiyonu olarak
kiimiilatif deprem sayis1 Sekil 4’te verilmistir. Sekil 4’te
goriildiigii gibi 1974-1995 yillar1 arasinda deprem
aktivitesinde 6nemli bir degisik yoktur ve 1995-2000
yillar1 arasinda ¢ok az bir depremsellik degisimi
mevcuttur. Bununla birlikte, 2000 yil1 basta olmak iizere
Ozellikle 2005 yilindan sonra deprem aktivitesinde
onemli bir artig goriilmektedir. Ayrica, deprem katalogu
ayr1 ayr1 1974-1995, 1995-2005 ve 2005-2019 arsinda
homojen olarak degerlendirilebilir. Son yillarda
KRDAE ve AFAD istasyon sayilarinin artmasi ile kayit
edilen minimum deprem biiyiikligi 2.6’ya kadar bir
diisis gostermistir. Bazi arastirmacilar istatistiksel
deprem g¢aligmalarinda Mc-degerinin kullanimu {izerine
detayli  bolgesel ve zamana bagh  analizler
gergeklestirmis ve Mc-degerinin se¢imi ile katalogun
ayristirma  islemi siirecinin deprem olusumlarinin
tahmininde olduk¢a 6nemli bir asama oldugunu ifade
etmistir [25,26]. Bu aragtirmalar, Mc-degeri analizinin
mutlaka yapilmasi gerektigini, art¢r sok, oncii sok ve
deprem yigilimi gibi ana soka bagimli tiim olaylarin
katalogdan ¢ikarilmas1 gerektigini ortaya koymaktadir.
Sekil 4’te goriildigi gibi, Mg=2.6 olan ayristirilmis

648



depremlere ait kiimiilatif deprem sayis1 egrisi orijinal
kataloga gore daha diizgiin bir yonelime sahiptir.
Sonugta, bu iki islem ile bagimli olaylar orijinal
katalogdan  ¢ikarilarak  istatistiksel ~ bolge-zaman
analizleri i¢in bagimli olaylardan temizlenmis, daha
giivenilir ve daha homojen bir katalog elde edilmistir.
G-R iliskisindeki b-degeri ve magnitiid deprem sayisi
dagilimi, 15107 depremi igeren ayristirilmig katalog
kullanilarak analiz edilmis ve Sekil 5’te verilmistir. b-
degeri, en kiiclik kareler teknigine goére daha dogru bir
tahmin saglayacagindan, maksimum olasilik yontemi ile
hesaplanmistir [27]. Mc-degeri 2.6 alinarak 1974-2019
yillart arasindaki ortalama b-degeri 1.08+0.03 olarak
hesaplanmigtir. b-degerine ek olarak, standart sapma, a-
degeri ve Mc-degeri de sekil flizerinde verilmistir.
Yukarida da ifade dildigi gibi, b-degeri kiiresel dlgekte
bolgeden bolgeye 0.3-2.0 arasinda degisir ve ortalama
b-degeri 1.0’¢ yakin olarak kabul edilmesine ragmen,
tektonik depremler 0.5-1.5 arasinda degisen bir b-degeri
ile temsil edilirler [22]. Sonugta, OAB ve civarindaki
deprem olusumlari i¢in b-degeri G-R iliskisi ile oldukca
iyi temsil edilir.
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Sekil 5. G-R iliskisindeki b-degeri ve magnitiid-deprem sayisi
dagilimi. Analiz i¢in 15107 depremi igeren ayristirilmig
deprem katalogu kullanilmis ve Mc-degeri sekil tizerinde
gosterilmistir

b-degerinin zamana bagli degisimleri Sekil 6’da
verilmistir. Zamanin bir fonksiyonu olarak b-
degerindeki degisimleri daha ayrintili
degerlendirebilmek  igin, belirli donemlerdeki

dalgalanmalar goz Oniinde bulundurularak, doért farkli
zaman dilimi dikkate alinmig ve b-degerleri bu zaman
araliklar1 i¢in hesaplanmigtir. b-degerinin zamanla
degisimi ayristirtlmis deprem katalogu (15107 deprem)
kullanilarak hesaplanmis ve 150 oOrneklik hareketli
zaman penceresi kullamilmigtir.  Bunun sonucunda,
2002, 2008 ve 2013 gibi belirli doénemlerde onemli
artmalar ve azalmalarin oldugu goriilmiistiir (Sekil 6).
Buna bagl olarak, Sekil 3 ve 7°de oldugu gibi, zamana
bagl degisiklikler dikkate alinarak zaman araliklar
1974-2002, 2002-2008, 2008-2013 ve 2013-2019 olarak
se¢ilmistir. Her bir zaman araligindaki deprem sayisi,
zaman araliginin biyiikligiine bagli olarak farklhi
deprem sayilart ve Mc-degerleri kullanilmistir. 1974-
2002 yillar1 arasinda b-degerinde 6nemli degisimler
olmamakla birlikte, ortalama b-degeri 534 deprem
kullanilarak ve Mc=3.3 alinarak 0.98+0.09 olarak
hesaplanmigtir. 2002-2008 yillar1 arasinda b-degerinde
bilyiik artma ve azalimlar gériilmilg, ortalama b-degeri

1887 deprem kullanilarak ve Mc=3.0 alinarak bir 6nceki
periyoda gore daha biiyiik bir deger olan 1.58+0.03 ile
temsil edilmistir. 2012 yili baginda keskin bir diisiis ile
birlikte b-degerinde biiyiik dalgalanmalar ve 2008-2013
yillar1 arasinda sistematik bir artis gozlenmistir. Bu
zaman periyodu i¢in ortalama b-degeri 4098 deprem
kullanilarak ve Mc=2.6 alinarak bir onceki periyoda
gore daha kiigiik bir deger olan 1.48+0.03 ile temsil
edilmistir. Bununla birlikte, son zaman periyodu olan
2013-2019 yillar1 arasinda b-degerinde belirgin bir
azalma olup, ortalama b-degeri 8588 deprem
kullanilarak ve Mc=2.0 alinarak bir onceki periyoda
gore daha diisiik bir deger olan 1.25+0.05 ile temsil
edilmistir. Genel olarak, Sekil 6’da goriildigi gibi
2002-2012 yillar1 arasinda b-degerinde belirgin bir artig
gozlenirken, 2013 yilindan sonra belirgin bir azalma s6z
konusudur. Ayrica, bu 6nemli dalgalanmalar 2000-2017
yillar1 arasindaki giicli/bliylik depremlerin olusum
zamanlart ile iliskilidir ve ana sok olusumlarindan 6nce
b-degerindeki bu azalmalar net olarak goriilebilir.
Yukarida bahsedildigi gibi, bir¢cok arastirmaci bazi
biiyiik depremlerin olusumundan 6nce b-degerindeki bu
tir dusisleri gozlemlemistir [6,8,10]. Bu sonuglar
dikkate alindiginda, ana soktan once b-degerindeki
diististin artan gerilme dagilimindan kaynaklanabilecegi
diistiniilebilir ve son yillarda b-degerindeki bu azalim
OAB ve civarinda gelecekte olasi bir depremin Onciisii
olarak yorumlanabilir.
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Sekil 6. Zamanin bir fonksiyonu olarak b-degeri ve standart
sapmast (kesikli ¢izgi, db). Kalin yatay ¢izgiler ortalama b-
degerlerini, alt ve iistteki ince yatay ¢izgiler bunlarin standart
sapmalarini gostermektedir. Analiz igin ayristirilmis deprem
katalogu kullanilmis ve hareketli pencere teknigi ile pencere
bagina 150 deprem kullanilarak drnekleme yapilmustir

1974-2019  yillart
depremlerin

arasinda OAB ve
magnitiidlerindeki
degerlendirebilmek amaciyla, Mg>4.0 olan 216
depremin zamana baghi degisimleri Sekil 7°de
verilmigstir. 1974-2002 arasinda ortalama magnitiid
degeri 4.38+0.38, 2002-2008 arasinda 4.38+0.44, 2008-
2013 arasinda 4.38+0.30 ve 2013-2019 yillar1 arasinda
4.44+0.33 olarak hesaplanmistir. 1974-2002 yillan
arasinda Mg>5.0 olan 9 deprem bulunmakta olup, en
biiyiigii 6.3 iken, 2002-2008 yillar1 arasinda 3 deprem
ve en bilyiigii 5.7, 2008-2013 yillar1 arasinda 2 deprem
ve en biiyiigii 5.1, 2013-2019 yillar1 arasinda 2 deprem
ve en biiytigi 5.2°dir. Sekil 7°den goriildiigi gibi, 1974-

civarindaki
degisimleri
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1998 yillar1 arasinda c¢ok fazla giicli deprem
olmamasina ragmen, 1998 yilindan sonra gii¢lii/biiyiik
depremlerin sayisinda onemli bir artis s6z konusudur.
Sonugta, kiimelenme 6zellikleriyle iliskili depremsellik
OAB ve civarinda gii¢lii/biiyiikk bir deprem olugumuyla
iligkili olabilir.
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Sekil 7. 1970-2019 yillar1 arasinda Mg>4.0 olan 216 deprem
magnitiidiiniin zamanin bir fonksiyonu olarak degisimi. Kalin
yatay c¢izgiler ortalama magnitiid degerlerini, alt ve iist ince
yatay kesikli ¢izgiler ise bu zaman araliklar1 igin standart
sapmalar gostermektedir

OAB ve civarl igin b-degerinin 2008-2019 yillari
arasindaki bolge-zaman degisimi Sekil 8’de verilmistir.
Bolge-zaman degisimlerini haritalamak icin 15107
depremi iceren ayrstirilmig  deprem  katalogu
kullanilmig ve caligma alanit enlem ve boylam igin
0.05°x0.05°’lik grid araliklarina boliinmiistiir. Sekil
6’da verilen zaman araliklar1 dikkate aliarak 2008-
2012 ve 2013-2019 yillar1 arasinda b-degeri degisimleri
hesaplanmig ve 2008-2019 yillar1 arasindaki fark ortaya
konulmustur. 2008-2012’ye kiyasla 2013-2019 yillan
arasinda b-degerinde bir azalma egilimi goriilmektedir.
2019 yili baslangicinda bazi bolgeler 0.5 ile -1.0
arasinda degisen onemli azalimlar sergilemektedir. Bu
bolgeler, NF ve civari, KKFZ, MFZ ile KKFZ arasi,
NF’nin giiney bat1 ucu, OAFS’nin giiney bat1 sonu, SRF
ve civari olarak verilebilir. Ayrica, 2019 yili baglangici
itibariyle b-degerinde baz1 kii¢iik azalimlar (-0.4 ile -0.1
arast) ve artimlar da (0.1 ile 0.3 aras1) s6z konusudur.
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Sekil 8. OAB ve civart igin 2008-2019 yillar1 arasinda
zamansal b-degerinin bolgesel degisimi. Analizler igin
ayristirllmig deprem katalogu kullanilmustir

OAB i¢in 2019 yili baslangicindaki depremsellik oran
degisimleri Sekil 9’da sunulmustur. b-degeri haritasinda
oldugu gibi Z-degerini de haritalamak i¢in enlem ve
boylamda 0.05°x0.05°’lik  bolgesel grid araligi
kullanilmugtir. 2019 yili baglangicinda sismik durgunluk

sergileyen anomali bolgeleri, TGFZ ile calisma alaninin
kuzey bati uglarinda (B1), SF’nin kuzeydogusunda ve
SF ile OAFS arasinda (B2), OAFS’nin kuzeydogu
kisimlarinda (B3), MLF’nin batisinda (B4), SRF ve
civarinda (B5), TGFZ ile OAFS arasinda TGFZ’nin
giineydogu ucunda ve OAFS ile YGFZ arasinda (B6),
Tuzg6li'niin  giineybatisinda (B7)  yogunlagmustir.
Dolayisiyla, Sekil 8 ve 9’da goriildiigii gibi, disiik b-
degerli ve yiksek Z-degerli bolgelerin  bir
kombinasyonu OAB ve civart i¢in deprem
potansiyelinin ortaya konulmasinda kullanilabilir 6n
bilgiler saglayabilir ve sonucta, bu anomali bolgelerine
dikkat edilmelidir.
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Sekil 9. OAB ve civari i¢gin Tw=4.5 yil alinarak 2019 yili
baslangici i¢in hesaplanmis Z-degerinin bolgesel degisimleri.
Analiz i¢in Ma>2.6 olan ve 6474 depremi iceren ayristiriimis
deprem katalogu kullanilmigtir. Hesaplamalarin zamanla daha
yogun ve siirekli olabilmesi i¢in her bir grid araligina diisen
deprem sayis1 50 ve gruplama arali1 28 giin olarak alinmistir

OAB ve civarinin gii¢lii deprem olusumlar ile iligkili
olarak kisa/orta vadede yiiksek seviyede bir deprem
tehlikesine sahip olmadigi bilinmektedir. Buna bagl
olarak, OAB ve civar1 icin sismik ve tektonik
parametreler arasindaki olasi iligkileri dikkate alan
kapsamli istatistiksel ¢alismalar olduk¢a azdir ve
deprem olusumlarinin bdlge-zaman degisimleri {izerine
fazla ¢alisma mevcut degildir. Bununla birlikte, bu
bdlgedeki son on yildaki depremler dikkate alindiginda,
deprem dagilimlarinin detayli bir istatistiksel bdlge-
zaman analizi Onemli olacaktir. Bazi aragtirmacilar
farkli yontemler kullanarak OAB ve civarindaki
depremlerin istatistiksel davraniglarini tanimlamaya
calismislar ve Onemli sonuglar elde etmislerdir
[28,29,30].

OAB’nin bazi kisimlarini kapsayan ve dogu Akdeniz
bolgesini igeren bir alanda depremlerin geri doniisiim
periyodlarinin ve deprem olusum araliklarinin tahmini
iizerine istatistiksel bir c¢alisma yapilmistir [28]. Bu
caligma kapsaminda Poisson, Gumbel ve Ustel dagilim
modelleri gibi farkli istatistiksel yaklagimlar kullanilmis
ve calisma alami i¢in G-R iligkisindeki b-degeri 0.96
olarak hesaplanmistir. Sismik risk ve tekrarlama
zamanlarini igeren Poisson modeli sonuglarina gore
Ms=5.0 (ylizey dalgas1 magnitiidii) olan depremlerin 10,
20, 50, 75 ve 100 yildaki olusma olasiliklart sirasiyla
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%75, %94, %99, %99 ve %100 olarak hesaplanmistir.
Ms=5.5 olan depremlerin 10, 20, 50, 75 ve 100 yildaki
olusma olasiliklart sirasiyla %37, %60, %90, %97 ve
%99 olarak tahmin edilmistir. Ayrica, Ms=6.0 olan
depremlerin 10, 20, 50, 75 ve 100 yildaki olugma
olasiliklar1 ise sirastyla %14, %26, %53, %68 ve %78
olarak elde edilmistir. Bununla birlikte, Ms=6.4 olan
depremlerin 10, 20, 50, 75 ve 100 yildaki olugma
olasiliklar sirastyla %6, %12, %27, %38 ve %47 olarak
tahmin edilmistir. Bunlara ek olarak, Ms=5.0, 5.5, 6.0
ve 6.4 olan depremlerin geri doniigiim periyodlar
sirastyla 7.3, 21.8, 659 ve 159.6 wyil olarak
hesaplanmistir. Bu sonuglardan goriilecegi iizere, OAB
ve civarindaki bazi bolgelerde orta/uzun vadede 6nemli
bir deprem potansiyeli mevcuttur.

G-R iliskisi dikkate alinarak, Tiirkiye’nin Bati Anadolu
Bolgesi igin, olasiliga dayali bir deprem tehlike analizi
yapilmig [29] ve 1900-2005 yillar1 arasindaki deprem
verisi i¢in maksimum olasilik yontemi ile magnitiid-
frekans iligkisindeki b-degeri  0.84  olarak
hesaplanmistir. Poisson modeli sonuclarina gore,
M>5.0, M>5.5 ve M>6.0 olan depremlerin 50, 75 ve
100 yildaki olasiliklar1 tiim magnitiid degerleri icin
%100 olarak hesaplanmistir. Bununla birlikte, M>6.5
olan depremlerin 50, 75 ve 100 yildaki olasiliklart
sirastyla %94.8, %98.8 ve %99.7 olarak hesaplanirken,
M>7.0 olan depremlerin 50, 75 ve 100 yildaki
olasiliklar1 sirasiyla %64.7, %81.4 ve %89.4 olarak
hesaplanmistir. Ayrica, M>5.0, M>5.5, M>6.0, M>6.5
ve M>7.0 olan depremlerin geri doniisiim periyodlar
sirastyla 1.3, 3.5, 9.8, 27.1 ve 75.1 wil olarak
hesaplanmistir. Bu sonuglar, Bati Anadolu Bdlgesi igin
orta/uzun vadede deprem potansiyeline isaret etmektedir
ve bir 6nceki ¢aligmayla da uyumludur.

Ozmen [30], 1900-2011 yillar1 arasindaki Mw>4.0
(moment magnitiidii)) olan depremleri  kullanarak
Tiirkiye’nin Orta Anadolu Bdlgesi igin istatistiksel bir
deprem tehlikesi analizi gergeklestirmistir. Bu amagla,
deprem tehlike parametrelerini tahmin edebilmek igin
Gumbel Ug Degerler yontemini kullanmis ve 30-35°D
boylamlari ile 38-41°K enlemleri arasinda kalan bolgeyi
alt1 alt bolgeye ayirarak bir degerlendirme yapmustir.
Her bir alt bolge igin deprem olasiliklar1 ve tekrarlama
periyodlart hasara neden olabilecek ve gelecekte
tekrarlayabilecek  giigli/biiyiik ~ depremler  igin
hesaplanmistir. Farkli alt bolgelerin karsilagtirilmast,
KAFZ’nin Mw>7.0 olan depremin gelecek 100 yildaki
%87 olusma olasihigt ve 50 yillik geri doniisiim
periyodu ile en yiiksek deprem tehlikesine sahip
oldugunu gostermistir. Dolayisiyla, KAFZ depremlerle
iligkili tehlike icin OAB ve civar1 i¢in 6nemli bir
tetikleyici olabilir. Sonu¢ olarak bu c¢alisma, sismik
tehlike calismalarina katki saglayabilir ve elde edilen
sonuglar bu  bolgedeki deprem  potansiyelinin
degerlendirilmesinde oOnciil ve faydali bilgiler ortaya
koyabilir.

Bu calismada elde edilen sonuglar ve literatiirdeki
mevcut bilgiler dikkate alindiginda, son yillarda OAB
ve civarindaki depremlerin bolgesel ve zamana bagh

davraniglarinin analiz edilmesiyle, yakin giincel ve
yakin gelecekteki deprem tehlikesi agisindan birincil ve
kullanigli sonuglar ortaya konuldugu goriilmektedir.
OAB gecmis ve yakin yillarda biyiik/yikict depremlere
maruz kalmamis olmasina ragmen, 14 Aralik 2002
Kahramanmarag (M5.6), 20 Aralik 2007 Ankara (M5.7)
ve 10 Ocak 2016 Kirsehir (M5.1) gibi baz1 gii¢li/biiyiik
depremler ¢aligma bolgesi sinirlart igerisinde meydana
gelmistir. Yukarida bahsedilen arastirmacilarin elde
ettigi bulgulardan da goriilecegi iizere, tiim sonuclar
birbirleriyle ve bu c¢aligmada elde edilen sonuglarla
uyumludur. Sonug olarak, bu ¢alismada tanimlanan
sismik ve tektonik parametreler arasindaki detayli bir
istatistiksel bolge-zaman analizi Tiirkiye’nin OAB igin
orta/uzun vadede gii¢lii/biiyiik deprem olugumlari igin
deprem riski ve tehlikesinin ortaya konulmasinda
onemli bir bakis agis1 saglayabilir.

SONUCLAR

Bu c¢alisma kapsaminda Tirkiye’'nin OAB ve
civarindaki giincel deprem dagilimlarmin 2019 yili
basinda bolgesel ve zamana bagli davranislarinin
istatistiksel bir degerlendirilmesi yapilmistir. Bu
amagcla, magnitiid-frekans dagilimindaki b-degeri ile
sismik durgunluk Z-degeri gibi deprem istatistiginde en
sik kullanilan sismik ve tektonik parametreler analiz
edilmistir. 2008 yili basta olmak iizere, 6zellikle 2002
yilindan sonra deprem aktivitesinde 6nemli bir artis s6z
konusudur ve katalogdaki depremlerin yaklasik
%81.65°1 2008-2019 yillar1 arasinda meydana gelmistir.
Orijinal katalog igin tamlik magnitidii Mc=2.6 olarak
alinmis ve tim deprem olusumlar i¢in ortalama b-
degeri 1.08+0.03 olarak hesaplanmigtir. Bu deger,
ortalama b=1.0 degerine olduk¢a yakindir ve OAB ile
civarindaki deprem olusumlarinin Gutenberg-Richter
iligkisi ile iyi temsil edildigini gostermektedir. 2002-
2008 yillar1 arasinda b-degerinde gozle goriilebilir bir
artis (1.58+0.03) s6z konusudur. Buna karsin, 2008-

2019 wyillar1 arasinda b-degerinde net bir disis
gozlenmigtir. Ayrica, 2008-2012 yillar1 arasinda
b=1.48+0.03, 2013-2019 wyillann  arasinda ise

b=1.25+0.05 olarak hesaplanmigtir. Dolayistyla, son
yillarda b-degerindeki azalma egilimi, artan gerilme
birikimiyle ve sonugta da ¢alisma alaninda gelecekteki
olas1 bir depremle iliskili olabilir.

Zamanin bir fonksiyonu olarak b-degerindeki bolgesel
degisimler, 2013-2019 yillar1 arasinda 6nemli azalmalar
gostermistir. b-degerinde diisiislerin gézlendigi bolgeler,
giiney, bati, glineybat1 ve kuzeybat1 yonleri boyunca NF
ve civarini, MFZ, KKFZ ve KOFZ arasini, SRF ve
civari ile kuzeybat1 kisimlarini, SRF ile DAFZ arasinda
kalan bolgeleri igermektedir. 2019 yili baslangicinda
sismik durgunluk sergileyen yedi anomali bolgesi tespit
edilmistir. Yiiksek Z-degerli bu bdlgeler, caligma
alaninin AF’yi igeren kismi ve TGFZ’nin kuzeybati
sonlari, SF’nin kuzeydogusu, SF ile OAFS arasi,
OAFS’nin kuzeydogu kisimlari, MF’nin batisi, SRF ile
DAFZ arasi, TGFZ’nin giineydogu ucu, KKFZ ve
civarl, Tuzgdli’'niin gilineybatis1 olarak verilebilir.
Dolaystyla, 2019 yili basinda OAB ve civarinda
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tamimlanan diigiik b-degerli ve yiiksek Z-degerli bu
anomali alanlar1 gerilme artis1 ile iliskili olabilir ve
gelecek giiclii/biiyiik depremler i¢in en olasi bolgeler
olarak yorumlanabilir.

Sonug olarak, sismik ve tektonik parametrelerin birlikte
degerlendirilmesi ile OAB ve civarindaki deprem
tehlikesi i¢in, birincil ve kullanilabilir sonuglar ortaya
konulmus ve elde edilen sonuglar literatiir calismalariyla
desteklenmistir. Bu tiir parametrelerin deprem istatistigi
calismalarinda birlikte degerlendirilmesi, potansiyel
olarak farkli bolgelerdeki deprem tehlikesi ¢alismalarina
onciiliik edecektir.
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ABSTRACT

In this study, a high accurate numerical solution of the Burgers’ equation is obtained. For this, the collocation method
based on quintic B-spline functions for space discretization and the fourth-order single step method for time
discretization are used. In order to see the efficiency of the algorithm, a test problem with an analytical solution is
discussed and compared with the numerical solution obtained.

Keywords: Burgers' equation, Collocation method, Fourth order single step method, Quintic B-spline functions

Burgers Denkleminin Niimerik Coziimii icin Yiiksek Dereceden Dogruluklu Niimerik
Algoritma

(074
Bu calismada, Burgers denkleminin yiiksek dogruluklu bir sayisal ¢oziimii elde edilmistir. Bunun i¢in, konum
ayristirmasinda quintic B-spline fonksiyonlarini temel alan kolokasyon yontemi ve zaman ayrigtirmasinda dordiincii

dereceden tek adimli yontem kullanilmistir. Algoritmanin etkinligini gormek igin, analitik ¢6ziime sahip bir test
problemi ele alinmis ve elde edilen sayisal ¢oztiimler ile karsilagtirilmigtir.

Anahtar Kelimeler: Burgers denklemi, Dordiincii dereceden tek adimli yontem, Kolokasyon metodu, Kuintik B-
spline fonksiyonlar

INTRODUCTION U, ty) = uh; m= 0,1,...,N;n=0,1,2, ...

where x,, =a+mh, t, = nAt and the numerical

The Burgers equation which is frequently encountered in ) - .
g a a y value of u}}, is shown by U}, at the grid points.

many sciences such as engineering, theoritical and
environmental is as follows:

Uy + UUy — VU, = 0.
Although this equation was first proposed by Bateman
[1], it is known as Burgers because of his work [2].
Numerical solutions of this equation, used in modelling
the solitary wave and travelling waves, have been studied

Time discretization
ey

Consider the Burgers’ equation of the form
U = Vg — Ully (2)
U = (Vlge — ULy )¢

= 2ul Uy + (—4VUy + U Uy — 2VUU

by the researchers due to the limitations in analytical
solutions. Numerical solutions, which have been
investigated recently, have been obtained by least
squares, splitting, homotopy perturbation, finite
difference and quadrature methods [3-10]. In parallel
with these studies, we used the quintic B-spline
collocation method for space and the various-order single
step methods for time discretization that were not
implemented before. The aim of this study is to see the
effectiveness of time discretization for the most accurate
numerical solution of the Burgers’ equation.

Application of the Methods

The time and space steps are denoted with At and h,
respectively. The exact solution is represented by

+V2uxxxx (3)
and the following fourth order single step method
u™l =y + G ultt + Gul + O;ulkt + O,ult. (4)
By choosing 6, = 6, = %,93 =60,=0in (4), we get
the method 1, which is of order 2, known as Crank-

Nicolson method. By changing the values as 8, = 08, =
At At?

.03 = _E’Q‘* = Al—tzz, the method 2 which is of order
4 is obtained. Using Eqgs. (2) and (3) in (4), the discretized
Burgers’ equation in time is obtained as

un+1 + [Hlun+1 — 293un+1(ux)n+1] (ux)n+1

+[4’V93 (ux)n+1 — glv _ 93un+1un+1] (uxx)n+1
+2V93un+1(uxxx)n+1 - 93V2(uxxxx)n+1

= u" + [-0u™ + 20,u™ (u,)" [ (u)" (®)
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+[—4v0, (u,)™ + 0,v + 0, u™u™] (Uy, )™
_2V94un(uxxx)n + 94V2(uxxxx)n-

Space discretization

The quintic B-spline function is defined as

Qm(x)

[xm—3' xm—Z)
[xm—Z' xm—l)

(x - xm—3)5;
(x— xm—3)5 —6(x — xm—2)5:
(x - xm—3)5 - 6(x - xm—z)5

+15(x - xm—l)s! [xm—lﬂxm)
(x - xm—3)5 - 6(x - xm—z)5
1 +15(x — xm_1)5 —20(x - xm)s: [Xms Xm+1)

= ﬁ< (x - xm—3)5 —6(x — xm—z)s
+15(x — xp—1)° — 20(x — x,)°
+15(x _xm+1)5:

(x - xm_3)5 —6(x— xm—z)s
+15(x — xpm-1)% — 20(x — x,,)°
+15( — Xp41)° — 60X — Xppi2)®, [Xm+2 Xm+3)
0, otherwise.

[Xm+1s Xma2)

(6)
The approximate solutions Uy (x,t) can be expressed in

terms of the quintic B-spline functions as
N+2

Un(x,0 = ) 50 ™
j==2

where §;,j =-2,-1,0,1,..,N +2 are unknowns time

depend parameters to be determined from collocation

form of Eqg. (5). Over the element [x,,,xn+1], the

approximation can be rewritten as
m+3

U= ) §©00). ®

j=m-2
The approximate solution and their derivatives at the
knots can be found from the Egs. (6) and (8) as

Um = U(xm) = 6m+2 + 266m+1 + 666m + 266m_1 + 67?1—2'

5
U =U'(xy) = E(5m+2 + 10841 — 108,51 — 6im—2),
20
U;r’l = U”(xm) = F(6m+2 + 26m+1 - 66m + 26‘”1—1
+6m—2),
nr nr 60
U =U"" (xp) = 3 (Omsz = 28m41 + 281 — 6m—2),
120
U = UD () = 7 Bmsz = 40mis + 68 —40m1
+ 6m—2)-

(9)
Substituting (9) into the time discretized form of the
proposed equation, we obtain;

[+ () () +8:(5) (5w
[oos i (52) 4 (i) () 0 (S5
+ [66 +5, ( 120) B, (720)] sm+
oo () ) + 2 (57 + 1 (55t
[ren ()4 () -0 () o ()| ome

[148:(F) 8 G2) <8, (5) + (5| 8
oo (50) + i) + 4 (5) 00 (5 o
+[66+[>’6< 120)+ﬁ (720)] sn

oo () 0 () 40 (57 ¢ 0 () o
efrens () () + 6, () + (5 8

When the above expressions are associated, the system
of linear equations, which is N + 1 algebraic equations
with N 4+ 5 unknowns, is obtained. By the help of the
conditions u(a,t) = u,(a,t) =0 and u(b,t)=
u, (b, t) = 0, the parameters 6_,, §_1, Oy41 and ., can
be eliminated from the system and the obtained solvable
(N+1)x(N+1) matrix system is solved easily by using
Matlab packet program. To start the iteration of system,
50 can be determined by using the initial and boundary
conditions which will be given in numerical experiment,
so then we can obtain the §™ at time t, = nAt.

Numerical Example

In this part, we applied the proposed methods to one
example of nonlinear Burgers’ equation. To compute the
maximum error L., we used the following formula:

Wnjl-
The order of convergence is obtained by the following
formula:

Lo = ”u - UN”oo = m]ax|u] -

log| U — Upe,

u—U,

order = Atnts
o8 [,

where u is the exact solution and Uy, is the numerical
solution with time step At,,.
The exact solution, which models a shock propagation of

the Burgers’ equation is as
x/t

,t2>1,

u(x,t) = (11)

1+ \/t/toexp(xz/(4vt))

where t, = exp (é)
equation, the sharpness of the shock waves can be
simulated by choice of various viscosity values. The
initial shock is obtained from Eq. (11) with the choice of
t = 1. The boundary conditions are taken as u(0,t) = 0
and u(1,t) =u,(1,t) =0. The computations are
performed with the parameters v = 0.005,0.0005, h =
0.001 and At = 0.1,0.05,0.02,0.01,0.005,0.002,0.001
over the solution domain [—2,2]. The propagation of the
shock wave is simulated in Fig. 1 for v = 0.005,h =
0.001 and v = 0.0005,h = 0.001 by method 2. The
figure shows that the obtained wave for the parameter
v = 0.0005, is steeper than the other.

. With this solution of the Burgers’
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Figure 1. Solutions for v = 0.005,0.0005; At = h = 0.001.

The absolute errors profiles of the proposed methods at
time t =3 is given in Fig. 2 for various viscosity
coefficients. From these figures, as expected, the absolute
error increases at the peak of the waves. For this problem,
by calculating the L, error norm and the rate of
convergence of algorithms, the accuracy of the proposed
methods can be seen and compared each other in Table
1. From this table we conclude that the method 2, for
finding the shock wave solution of the Burgers’ equation,
gives better accuracy than the method 1. The rate of
convergence for time is around 2 for method 1 and
around 4 for method 2.

CONCLUSION

In this paper, an effective algorithm is proposed for the
numerical solution of the Burgers’ equation. This
algorithm is constructed by using the quintic B-spline
based collocation method for space discretization and
fourth order single-step method for the time
discretization. To compare the effect of the time
discretization methods, the single step methods which
has two different order as 2 and 4 is chosen and the
obtained solutions are compared with the those of a test
problem which has an exact solution. By this study it is
concluded that the fourth order single step method which
used for the time discretization gives the better solutions
than the Crank-Nicolson method.
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Table 1. Comparison of numerical results at different times

for h = 0.001.
Method 1 Method 2
v = 0.005

At Lo order Lo order
0.1 5.76 <10* 1.20 <10*
0.05 1.54 <10* 1.908 1.38 <10° 3.123
0.02 2.55>10° 1.960 548 =107 3.521
0.01 6.42 <10  1.989 4.08 <108 3.748
0.005 1.61><10% 1.997 2.89><10° 3.820
0.002 2.58><107 1.999 1.08 <10 3.590
0.001  6.44><10% 2.000 3.46 <101 1.637

v = 0.0005

At L order Lo order
0.1 2.32 <10* 2.05 ><10"
0.05 1.44 <107  0.692 9.36 <102 1.132
0.02 2.36 <102 1.973 1.53<10?% 1.974
0.01 3.39<10°  2.800 2.32<10° 2.725
0.005 4.17x<10* 3.024 2,52 <10* 3.203
0.002 3.18<10° 2.807 9.79 <106 3.544
0.001  6.20 <10% 2.360 9.59 <107 3.352
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Endiistride kullanilan bir¢ok makine elemaninin dinamik davraniglarinin belirlenmesi, yapinin giivenli bir sekilde
calismas1 ve makinenin performansi agisindan olduk¢a dnemli bir konudur. Modal analiz teknigi yapilarin dinamik
ozelliklerinin belirlenmesi amaciyla yaygin bir sekilde kullanilmaktadir. Bu calismada iki ucu ankastre bir U
cergeve yapinin teorik ve deneysel modal analizleri gergeklestirilmistir. Teorik modal analiz ANSYS programi
kullanilarak yapilmistir. Deneysel modal analiz ise OROS Or36 titresim analizorii ve OROS modal analiz yazilimi
ile gergeklestirilmistir. Deneysel ve teorik calismalardan elde edilen sonuglar karsilastirilmis ve ANSYS’te
olusturulan modelin deneysel modeli bagarili bir sekilde temsil ettigi goriilmiistiir.

Anahtar Kelimeler: Modal Analiz, Cergeve Yapilar, Sonlu Elemanlar, Titresim Ol¢iimii

Modal Analysis of a Clamped-Clamped U Frame Structure

ABSTRACT

Determining of dynamic behaviours of the many machine elements used in the industry is an important issue in
terms of the safe operation of the structure and the performance of the machine. Modal analysis method is widely
used to determine the dynamic properties of the structures. In this study, theoretical and experimental modal
analyses of a clamped-clamped U frame. Theoretical modal analysis is performed using ANSYS programme.
Experimental modal analysis is performed with OROS Or36 vibration analyser and OROS modal analysis software.
The results obtained from experimental and theoretical studies were compared and it was found that the model
created in ANSYS successfully represented the experimental model.

Keywords: Modal Analysis, Frame Structures, Finite Elements, Vibration Measurement

GIRIS uygun bir titresim yalitim sistemi tasarlanabilir.

Titresim yalittmint  gergeklestirebilmek igin titresim

Titresim hareketi yapmin denge konumu etrafinda
tekrarlanan hareketi olarak tanimlanabilir. Dinamik
yiikler etkisi altinda calisan sistemlerde de tekrarli bir
hareket olan titresim hareketi meydana gelmektedir.
Mekanik titresimler miihendislik yapilarinin ¢ogunda
6nemli problemlere neden olabilmektedir. Uzun siireli
titresimler makine elemaninin yorulmasina neden
olabilecegi gibi yliksek genlikteki titresimler de hasar ve
kirtlmalara neden olabilmektedir. Bu nedenle endiistride
kullanilan bir¢ok yap1 elemaninin dinamik ytikler etkisi
altinda nasil bir davranis gosterdigi, sistemin giivenli bir
sekilde caligmasi ve performansi acisindan oldukca
onemlidir. Bu amagla incelenen yapinin dogal
frekanslari, yapisal sonlimii ve titresim big¢imleri elde
edilerek gerekli dinamik analizler yapilmalidir. Yapilan
dinamik analizler sonucunda istenmeyen titresimleri
azaltmak i¢in titresim kaynagini durdurmak veya sistem

kaynagt ve yap1 arasma soniim kabiliyeti yliksek
malzemeler yerlestirilir veya uygun dinamik titresim
soniimleyicileri tasarlanir.

Sonlu Elemanlar (SE) yontemi yapilarin dinamik
ozelliklerinin belirlenmesinde oldukga etkili bir sekilde
kullanilmaktadir. SE = metodu;  karmasik  olan
problemlerin daha basit alt problemlere ayrilarak her
birinin kendi iginde ¢oziilmesiyle genel ¢oziimiin
bulundugu bir ¢oziim seklidir. SE metodu oldukga
sistematik ve modiilerdir. Bundan dolay1 SE metodu, bir
bilgisayar programi hazirlanarak genis alandaki pratik
titresim problemlerinin ¢dziimii i¢in kolaylikla bir
bilgisayara uygulanabilmektedir. Giintimiizde ¢ok
sayida ticari SE yazilimlar1 mevcuttur ve bu yazlimlar
normal bilgisayarlardan siiper bilgisayarlara kadar
hemen hemen her tip bilgisayarda ¢alistirilabilmektedir.
SE yontemi ile bir sistemin analizi iki adimda

gf;ﬂ:ﬁlel zigliﬁamiil%;lkhcll(liflrlml}:rlg;nalisegert?tligs(,iilrrr; gerceklestirilir. Birinci adim, fagarlml gerceklestirilmis
kaynaginin sistem flizerine olan etkisini azaltmak ig¢in yapmmn - sonlu  sayida  kiigik  temel  pargalara
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boliinmesidir. Bu kiiclik parcalara sonlu elemanlar ve
yapinin sonlu elemanlara bdliinmesi islemine ise
ayriklastirma adi verilmektedir. Her eleman, hareket
denkleminin kolay bir sekilde ¢oziilebilmesi veya
yaklagimin kolay uygulanabilmesi i¢in genellikle kolon,
kiris veya plak gibi ¢ok temel sekildedir. Tim bu
elemanlarin geometrik ve fiziksel oOzellikleri dikkate
almarak ¢6ziim agamalarinin belirlenmesi ve sistemin
timiiyle analizlerinin gerceklestirilmesi ikinci adimi
olugturmaktadir [1].

Modal analiz teknigi, yapilarin dinamik o6zelliklerin
belirlenmesi amaciyla bircok arastirmaya calisma
konusu olmustur. Chen ve Ding [2], elastik bir kiiresel
kabuk yapmin serbest titresimleri ig¢in modal analiz
teknigini  kullanmiglardir. Bu amacla, yazarlar
tarafindan gelistirilen {i¢ boyutlu esneklik ¢6ziim
yontemi kullanilmistir [3]. Wu ve Heyliger [4], tabakali
piezoelektrik kiiresel kabuklarin simetrik ve simetrik
olmayan eksenel titresimleri igin iki boyutlu birinci
dereceden kaymali deforme olabilen kabuk teorisi
kullanarak modal analiz teknigini uygulamislardir. Lee
[5], kiiresel kapaklarin simetrik ve simetrik olmayan
eksenel serbest titresimlerinin analizinde psddospektral
yontemi kullanmigtir. Krawczuk vd. [6], catlak ve tek
yonlii kompozit kirisin modal analizini yapmusglardir.
Enine yorulma catlagi igeren kompozit Kirisin
karakteristik matrislerini olusturmak i¢in bir model
sunmuslardir. Bu model ile ¢atlak parametreleri (konum
ve bagil derinlik) ve malzeme parametrelerinin (bagil
hacim ve elyaf agis1) ilk dort dogal frekans tizerindeki
etkisini aragtirmiglardir. Maurinia vd. [7] kademeli
piezoelektrik kirislerin modal analizi i¢in sayisal
yontemler iizerinde c¢alismislardir. Caligmada, Euler-
Bernoulli Kiris teorisi kullanilarak modellenen kademeli
piezoelektrik kirigler, modal analiz icin farkli sayisal
yontemleri analiz etmek amaciyla kullanilmistir. Hee
vd. [8], konsol kiriglerinin modal analizini, sekil ve sekil
optimizasyonu lizerinden incelemislerdir. Gao [9],
fiziksel sistem parametrelerini dikkate alarak kafes
yapilarin modal analizini incelemistir. Xu ve Zhang
[10], baglant1 damperleri olan ¢elik ¢ercevelerin modal
analizi ve sismik tepkisini arastirmiglardir. Sirasiyla,
doner uglu yay ve soniimleyici olarak civatali
baglantilar1 ve soniimleyicileri iyilestirmek i¢in SE ve

direngenlik  yOntemlerinin  bir  kombinasyonunu
kullanarak ¢erceve igin kiitle, direngenlik ve sonim
matrislerini  tiiretmislerdir. Karmasik mod analizi
kullanilarak, ¢ergevenin dinamik 6zellikleri analiz

edilmis ve baglanti sertligi ile donme soniimleyicisinin
dogal frekans ve modal sOniim oranina etkileri
incelenmistir. Chan [11], esnek bicimde bagl c¢elik
cercevelerin daha genel bir titresim ve kararlilik
analizini kapsayan gergeveli yapilarin analizleri igin
direngenlik matrisi analiz yonteminin genisletilmesine
yonelik bir ¢aligma sunmustur. Bu g¢alismada ise U
gergeve bir yapinin teorik ve deneysel modal analizleri
yapilarak  sonuglar  karsilastirmali  bir  sekilde
sunulmustur.

MATERYAL ve YONTEM
Teorik Modal Analiz

Cok serbestlik dereceli (SD’li) bir sistemin zorlanmis
titresim cevabinin elde edilmesi, dinamik direngenlik

[2]'nin tersinin ([H]=[2]" =[ -0’ [M]+[K]]") her

@ frekans noktasi i¢in hesaplanmasi ile miimkiin
olmaktadir. Bu durum olduk¢a zaman alan zahmetli bir
islemdir. Modal analiz, dinamik analiz islemlerinde bu
olumsuzluklar1 kayda deger bir bi¢cimde azaltan etkili
bir yontemdir. Bu ydntem titresim hareketi yapan bir
sistemin dinamik davranigini  gOsteren matematik
modeli olusturmak i¢in ihtiyag duyulan modal
parametrelerin belirlenmesi islemidir. Soniimsiiz bir
sistemin modal parametreleri 6z degerler (dogal
frekanslarin karesi) ve 6z vektorlerden (mod sekilleri)
olugsmaktadir. Eger yapi iizerinde herhangi bir zorlayici

kuvvet yoksa ({f(t)}={0}) yap1 dogal titresim

yapmaktadir ve bu durumdaki 6z degerler ve 06z
vektorler yapinin dogal veya normal modlart olarak
adlandirilmaktadir [12].

Sonlimsiiz yapilarmn titresimine ait hareket denkleminin

¢Ozimi igin {X(t)} = {X }ei“" ¢Oziimii  dikkate

alinacak olursa;
(- [M]+[K]){X e = {F}e @

elde
alimmasiyla, {F} = {0} olacagindan ¢oziim asagidaki

edilir. Yapmin normal modlarmin dikkate

gibi olmaktadir:

(-’ [M]+[K]){x} = {0} @

Bu denklemde N SD’li bir sistem i¢in N mod say1st
mevcuttur. Eger mod sekilleri ve dogal frekanslar sirasi

ile {l//}r ve @, ile gosterilecek olursa;

(< [M]+[K]) v}, = (0}

®)

esitligi elde edilir. Ayrica r modunun 6z degeri,
ﬁ,r = a)r2 ile gosterilmektedir. Modal analizde N tane

mod dikkate alinarak olusturulan model "Modal Model”
olarak adlandirilmaktadir [7]. Bu durumda 6z degerler
ve 0z vektorler agagidaki gibi NXN boyutunda matrisler
olarak ifade edilmektedir.

)Lr . [W]NXN (4)

*INxN
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Esitlik (4) ile verilen 6z degerler ve 6z vektorlerin
¢Oziimiinli yapabilmek ic¢in bazi sayisal yontemler
mevcuttur. SD’si kiiciik olan (N < 1000) sistemler igin,
tiim sistem matrisleri belirlenir ve tiim modlar dikkate
alinarak  ¢oziim  yapilir [13]. Ancak pratik
uygulamalarda, SD ¢ok fazladir (N >> 1000) ve bu
durumlarda sadece N modun m kismimi igeren kismi
coztimler yapilir [14].

Oz deger ve 6z vektdr ¢oziimlerinin hesaplanmasi
oldukca zahmetli bir is olmasina ragmen modal model
iyi bilinen ortagonallik 6zelligine sahiptir ve bu durum
sistemin analizini biiyiik Olciide basitlestirmektedir.
Mod sekillerinin ortagonalligi kisaca (5) esitligindeki
gibi ifade edilebilir.

vl M]v]=|  m,

g (5)
vl [Kllvl=|
Oz vektor matrisi sistemin kiitle, [M] ve direngenlik, [K]

matrislerini modal kiitle, m, ve modal direngenlik, kr
seklinde diyagonal matrisler haline getirmektedir. Bu

diyagonal modal kiitle ve direngenlik matrisleri
kullanilarak — asagidaki gibi 6z degerler elde
edilebilmektedir.
-1r.
A, = m, k. (6)

Her 6z vektor kendi dogal frekansina karsilik gelen bir
takim bagil yer degistirmelerden olusmaktadir.

Mod  sekilleri, {y/}r, modal kiitleleri, m, ve

direngenlikleri, ki elde etmek igin 6z vektorler
genellikle asagidaki gibi kiitle ile normalize edilirler.

1/2 7

Bu durumda kiitle ile normalize edilmis 6z vektorler
kullanilarak asagidaki esitlikler elde edilebilmektedir.

o] [wi[o)-[1
o [K][@]=| 2 ©

r

Kiitle ile normalize edilmis mod sekilleri yapisal
dinamik analizlerinde islem kolaylig1 sagladigi igin
yaygin bir sekilde kullanilmaktadir.

Fiziksel koordinatlardan, x{t}, birbirinden tamamen

bagimsiz modal alandaki yeni koordinatlara, q{t},

gecis yapilmasi durumunda hareket denklemi asagidaki
gibi olacaktir [15].

GOl a o [ =l (10} ©

Fiziksel yer degistirmeler ve modal koordinatlar
arasinda ise {X(t)} = [(D]{q (t)} iligkisi mevcuttur
[15].

Yapilan bazi 6l¢limler, bazi modlarin digerlerinden daha
giiclii oldugunu gostermektedir. Bir 6l¢iimdeki modlarin
yapisl, tahrik kuvvetlerinin konumu ve dagilimina bagh
olarak degisebilmektedir. Bu durumda bir yap1 herhangi
bir noktasindan tahrik edilmesi durumunda 6lgtimdeki
tim modlarin goriilmesi miimkiin olmayacaktir. Bu
nedenle fiziksel kuvvet vektorii modal koordinatlara

dagitilarak asagidaki gibi modal kuvvet vektorii elde
edilebilir [15].

L Of =[] {f ()}

Goriildugii gibi modal koordinatlar birbirinden tamamen
bagimsizdir ve her koordinat tek SD’li bir sistem gibi

diigiiniilebilir. Eger modal kuvvet vektori, {fq (t)},

(10)

bazi1 koordinatlarda kiigiik degerlere sahip olursa bu
koordinatlara karsilik gelen modlar digerlerinden daha
az tahrik edilmis demektir. Modal kuvvetin sifir veya
sifira ¢ok yakin olmasi durumunda ise ilgili modlar
hicbir sekilde tahrik edilmemis olacaktir. Eger analitik
model tahminleri yeterli derecede Ol¢iim sonuglarina
yakin olursa, modal kuvvet vektord, ilgili modlar1 tahrik
eden kuvvet vektorlerini tanimlamak i¢in kullanilabilir.

Lineer bir yapmin harmonik bir kuvvet vasitasiyla
tahrik edilmesi halinde (1) esitligi ile verilen hareket
denkleminden dinamik esneklik tipindeki (receptance)

FTF matrisi, [a(@)] ([H(@)]). asagidaki gibi
olacaktir.

[~ M]+[K]] =[a(o)]

(1)
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Burada, matrisinin

[a(e)]

o (0)=Xi(w)! F (@) esitligi ile j koordinatindan

elemanlari,

uygulanan tahrik kuvvetine karsilik i koordinatinda
meydana gelen yer degistirme miktarinin orani seklinde
verilmektedir. Dinamik esneklik tipindeki FTF matrisi
[K] ve [M] gibi simetriktir ve bu simetri karsiliklilik

ilkesine gore oy (a)) =aj (a)) seklinde verilmektedir.

Frekans noktalarinin, w, sayisina gore dinamik esneklik
tipindeki ~ FTF’ler, (11) esitliginin  dogrudan
¢Oziimiinden elde edilebilir. Ancak her frekans noktasi
icin tiim sistemin matris tersine ihtiya¢ oldugu icin bu
durum olduk¢a zahmetli ve zaman alict bir islem

olmaktadir. Boyle durumlarda modal 6zelliklerin
kullanilmast  olduk¢a avantajlidir. Bazi cebirsel
islemlerden sonra mod sekilleri ve 06z degerler

kullanilarak (11) esitligi asagidaki gibi elde edilebilir
[12].

[o]

[a(e)]=[@]

(12)

(o -0)

Esitlik (12)’de diyagonal bir matrisin tersi alindigi igin
cevap  matrisinin  hesaplanma  siiresi  oldukga
kisalmaktadir. Buradan hareketle dinamik esneklik
tipindeki FTF’ler asagidaki gibi modlarin toplam
seklinde hesaplanabilir [15].

. ¢|r¢jr
o (@)= ="~

Burada N mod sayisina gore i ve j, sirastyla r modunun
6z vektorlerindeki cevap ve tahrik koordinatlarini
gostermektedir [15].

Literatiirde, biiyiik yapilarin modal analizinde incelenen
mod sayisimin az sayida modla sinirlandirilmasi ve bu
saymin, n, toplam mod sayisindan, N, ¢ok kiigiik
(n<<N) olmas1  gerektigi vurgulanmustir  [15].
Hesaplanan mod sayisi, n, genellikle yapilan analizin
amacina bagli olarak belirlenir ve tasarim i¢in 6nemli
olan sadece ilk 3 veya 4 modun sayisi kadar olmaktadir.
Ancak bazi durumlarda ise bu say1 ilgilenilen frekans

araligindaki  belli modlarin  dikkate alinmasiyla
belirlenmektedir.

Deneysel Modal Analiz

Miihendislik  yapilarmin  tasariminda  olusturulan

matematiksel modellerde yapilan yaklagimlarin bir
sonucu olarak bu modellerden elde edilen sonuglarin
deneysel olarak dogrulanmasi tasarim siirecinde 6nemli
bir rol oynamaktadir.

Temel olarak iki g¢esit titresim Olglimii mevcuttur.
Bunlardan ilki bir yapinin ¢aligma ortaminda sadece
titresim cevabinin dlciilmesidir. Ikincisi ise yapiya
uygulanan bir girise karsilik yapinin verdigi cevabin
birlikte &lgiilmesidir [12]. Ozellikle, yap1 fiizerine
uygulanan girise karsilik cevabin oOlglilmesi yapinin
Olglilen frekans tepki fonksiyonlarimin (FTF’lerinin)
belirlenmesi agisindan olduk¢a Onemlidir. Bu islem
sayesinde test yapisinin dogal frekanslari ve mod
sekilleri  belirlenebildigi gibi yapinin  matematik
modelinin dogrulanmast islemi de
gerceklestirilebilmektedir.

5 5 (13)
r=1 a)r -
G D
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- Zaman
S Alani / Deneysel
= veriler 0 i ——
A
J | \ f Test Yap1s1’
£ —| ]
5 ; . Sinyal B T/
Time (s) } sartlandirici, - 7 |
Yiikseltici fvme Kuvvet
Slcerler transdiiseri

Phas o)

ol

Frekans

Frequency Response Function

M

£

Modal Parametreler

Analizi_ .. ? Dogal frekanslar
g AN\ A\ t|‘\ Soniim oranlari
£ jgrr/,/'lr/{ \jr’ VI \ — Mod sekilleri
g : b

: = s

Sekil 1. Deneysel modal analiz 6l¢lim diizenegi
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Deneysel modal analizde yapilan deneylerin amacina
bagli olarak, modal analiz veya modal tanimlama iglemi
incelenen yapimin modal 6zelliklerinin bulunmasiyla
gerceklestirilmektedir. Burada yapi iizerinde belirli
noktalardan tahrik kuvveti uygulanir ve yapmmn bu
etkiye verdigi cevap Olgililerek aradaki transfer
fonksiyonlart uygun bir titresim analizorii kullanilarak
elde edilmeye calisilir (Sekil 1). FElde edilen
Olciimlerden modal parametrelerin ayiklanmasi igin
olusturulan algoritmalar olduk¢ca zaman alan yogun
ugraslar sonucunda gelistirilmistir. Modal
parametrelerin elde edilme yontemleri ve bazi pratik
uygulamalari Ewins [12] tarafindan detayli olarak
incelenmistir.

Bu galismada hem cevap hem de tahrik kuvvetinin es
zamanl Ol¢iildiigli ve buna gore yapinin dinamik
Ozelliklerinin belirlendigi 6l¢iim teknigi kullanilmigtir.
Titresim testi konusunda bu ydntemle ilgili farkli
yaklagimlar ifade edilmistir [12]. Bunlardan biri yapinin
tek noktadan tahrik edilmesine dayali 6l¢tim metodudur.
Digeri ise yapinin es zamanli olarak birka¢ noktasindan
tahrik edilmesine dayali 6l¢lim teknigidir.

Deneysel modal analizde iki temel tahrik tipi mevcuttur.
Bunlar, test asamasindaki bir yapinin darbe ¢ekici veya
iizerine baglanan bir sarsic1 yardimiyla tahrik edilmesi
seklindedir. Test yapisina uygulanan tahrik kuvvetine
karsilik yapmin verdigi cevap ise ivme, hiz veya
deplasman transdiiserleri gibi elemanlar yardimiyla
lgiilmektedir. Ivmedlcerler, genis frekans ve dinamik
araliga sahip ve nispeten ufak yapida olmasi sebebiyle
en genel amagl transdiserlerdir. Hiz trandiiseri,
cogunlukla orta frekans bolgesini igeren izleme
sistemlerinde kullanilmaktadir. Deplasman trandiiseri
ise Ozellikle diisik frekansli deplasman Ol¢iimiiniin
gerektigi eksen kacgikligi gibi Olclimlerde faydali
olmaktadir. Bu transdiiserlerde 0Ol¢iim tek eksende
alindig: gibi iki veya li¢ eksende 6l¢iim yapabilen tipleri
de mevcuttur.

FTF, titresim testlerinden elde edilen ve ¢ok genis bir
uygulama alan1 olan 6nemli bir fonksiyondur. Bu
fonksiyon, uygulanan bir kuvvete Kkarsi lineer bir
yapinin gosterdigi tepkiyi ifade eder. Diger bir ifadeyle
yapiya uygulanan kuvvet ile yapmin gosterdigi tepki
arasindaki lineer iligkiyi verir (Sekil 2).

Lineer yap1 iizerindeki q konumundan genligi F ve
frekansi w olan siniisoidal bir kuvvet uygulandigi zaman
yap1 bu kuvvete bir tepki gosterecek ve kararli duruma

F F

X
a) Noktasal FTF

Sekil 3. Kuvvet ve tepki konumlarina gore FTF’ler

X

b) Transfer FTF

gectikten sonra ayni frekansta titresecektir. Yapi
iizerindeki herhangi bir p noktasinin bu frekanstaki yer
degistirmesi de (hiz veya ivme de olabilir) X olsun. Bu
frekans i¢in FTF’nin genligi,

[X,|

14)
Bl

‘Hpq (a))‘

ile ifade edilir. FTF’nin faz1 ise yer degistirme ve
kuvvet arasindaki ac1 ile ifade edilmektedir.

ZH (o) =ZLay (0)=£X - £LF, =6, (15)

FTF, frekansin bir fonksiyondur. Bu nedenle uygulanan
kuvvetin frekanst degistikce FTF’nin genligi ve faz1 da
degisir. Bir FTF, yapiya farkli frekanslarda siniisoidal
kuvvetler uygulanip her frekansta kuvvet ve tepkilerin
genlik ve fazlari dlciilerek elde edilebilir.

Yap1 iizerindeki kuvvet ve tepki konumlart olgiilen
FTF’nin tiirtini belirlemektedir. Bu baglamda bir FTF
yapt tizerinde ayn1 konum ve dogrultuda 6lgiilen kuvvet
ve tepkiden hesaplanmis ise 'noktasal FTF' (point FRF)
olarak adlandirilmaktadir (Sekil 3-a). Kuvvet ve tepki
dogrultularinin ayni ancak konumlarinin birbirinden
farkli olmas1 durumu 'transfer FTF' olarak adlandirilir
(Sekil 3-b). Bunlara alternatif olarak Ol¢timler farkli
dogrultu ve yonlerde de yapilabilir. Boyle hesaplanan
FTF’lere '¢capraz FTF" (cross FRF) denilmektedir (Sekil
3-C).

FTF o6lciimlerinde tepki olarak yer degistirme dikkate

alimdigr  gibi hiz ve ivme biyiklikleri de
kullanilabilmektedir.
Lineer
Fo)

X(w)

Sekil 2. Lineer bir yapinin uygulanan kuvvete karsi gosterdigi
tepki

c) Capraz FTF
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TARTISMA
Sayisal Model

900

Bu ¢aligmada dikkate alinan U ¢er¢eve yapinin 6lgiileri
ve mesnet durumlari Sekil 4’te verilmistir.
Olgiileri Sekil 4’te verilen U c¢ercevenin SE modeli

BEAMI188 (6 SD’li 3 boyutlu elastik eleman) eleman 30 |
tipi kullanilarak ANSYS’de olusturulmustur. l""_""
Olusturulan modelin modal analizi ilk 9 mod dikkate = s
aliarak 0-500 Hz frekans araliginda yapilmistir. Modal Kesit =

analiz icin ‘PCG Lanczos’ algoritmast kullanilmis ve

analiz sonucunda elde edilen mod sekilleri ve dogal

freknslar sirasi ile Sekil 5 ve Tablo 1°de verilmistir.

Tablo 1°den goriillecegi tizere U ¢ergevenin SE

modeline ait dogal frekanslar 8.81 Hz ile 292.71 Hz

arasinda degismektedir. L
Sekil 4. U ¢ergeve yapinin 6lgiileri

:

7. mod
Sekil 5. U gercevenin sayisal modeline ait mod sekilleri

Tablo 1. U ¢ergevenin SE modeline ait dogal frekanslar

Mod 1 2 3 4 5 6 7 8 9
D"ga}f';)eka“s 881 3736 5840 6246 14546 16658 18849 23509 29271
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Deneysel Model

U cercevenin deneysel modal analizi i¢in yapilan
Ol¢iimlerde yapiyi titrestirmek i¢in KISTLER firmasinin
iiretmis oldugu darbe g¢ekici (Model: 9724A2000 S/N
2069942) ve yapinin titresimlerini 6lgmek i¢in Dytran
firmasinin  iiretmis oldugu ICP tipi piezoelektrik
ivmedlger (3055 D serisi) kullamlmistir. Olgiilen
titresim sinyallerinin toplanmasi ve analiz edilmesi i¢in
OROS firmasinin Or36 serisi titresim analizorii ve
parametrelerin belirlenmesi i¢in OROS Modal yazilimi
kullanildi. Deneysel modal analiz i¢in gerekli yazilim ve
donanimlar belirlendikten sonra deney planlamasi
yapildi. Deneysel planlamada amag 6Slgiilmek istenen
frekans araligina uygun tahrik ve cevap noktalarin

Test
Yapisi

Ivmedlger

belirlemektir. Yapinin Olgiilmek istenen frekans
araligindaki modlarda en ¢ok hareket eden bolgeler en
iyi Ol¢iim noktalar1 olarak degerlendirilmektedir.
Modlardaki diigim noktalarinda (nodal point) hareket
olmadigindan bu noktalar en kotii 6lglim noktalaridir.
Benzer durum tahrik noktalarmin belirlenmesi igin de

gegerlidir. Calisma kapsaminda hazirlanan deney
diizeneginin  sematik  gosterimi Sekil  6’da
goriilmektedir.

U cergevenin deneysel modeli toplam 28 diigiim ve 27
elemandan olusacak sekilde tasarlanmistir (Sekil 7).
Deneysel calismada kullanilan 6l¢lim parametreleri
Tablo 2’de verilmistir.

Analizor

Modal
Cekic =

Sekil 6. Deney diizenegi

19

27

Sekil 7. U gergevenin deneysel model

OoOo0oo00O

Bilgisayar

0 0 00

O 000

o0 o0o0O0
o0 o0o0o0

10

(=)

Ivme 6lger

Tablo 2. Deneysel modal analiz igin kullanilan lgiim parametreleri

Ornekleme s Pencereleme
Frekans Frekans Olgiim Siiresi )
Parametre Genisligi (Hz) Céziiniirliigii (Hz) E_riezi(anm (sn) (cevap/tahrik)
Degeri 0-500 0.1 1001 2 uniform/uniform
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Deneylerde, U ¢erceve yapmin 8. diiglimiine ivmedlger
yerlestirilip, her bir diigime modal c¢ekigle darbe
uygulanarak ilgili diigiim noktalar1 i¢in FTF’ler elde

edilmistir. Deneysel modelin bazi koordinatlarina ait
FTF’ler Sekil 8’de verilmistir.

f=}
=

Genlik [m/N]
3

._.
<
o

0 50 100 150 200

250 300 350 400 450

Frekans [Hz]

Sekil 8. Deneysel modelin baz1 koordinatlarina ait FTF’ler

Sekil 8’de wverilen FTF grafiklerindeki maksimum
genliklere karsilik gelen noktalar rezonans frekanslarini
(dogal frekanslar), minimum genlik degerlerine karsilik
gelen noktalar ise anti rezonans frekanslarim

gostermektedir. Bu sekilde 28 adet FTF ol¢tildii ve ilk 9
mod icin dogal frekanslar belirlendi. Deneysel ve
sayisal modellerin dogal frekanslar1 karsilastirmali
olarak Tablo 3’te verilmistir.

Tablo 3. Deneysel ve sayisal modellerin dogal frekanslarinin karsilastirilmasi

Mod 1 2 3 4 5 6 7 8 9
Dogal Deneysel  8.50 3540 5470 60.20 14540 161.10 18150 221.80 280.50
F"(?J'(;)ns Sayisal 8.81 37.36  58.40 6246 14546 166.58 188.49 235.09 292.71
Mutlak Hata (%0) 3.65 5.54 6.76 3.75 0.04 3.40 3.85 5.99 4.35

Tablo 3’te verilen dogal frekanslar incelendiginde
deneysel model ile sayisal modelin dogal frekanslari
arasindaki en kiigiik farkin %0.04 hata orami ile 5
modunda olustugu goriilmektedir. En biiylik fark ise
%6.76 ile 3 modunda meydana gelmistir. Bunu sirasi ile
9%5.99, %5.54, %4.35, %3.85, %3.75, %3.65 ve %3.40
hata oranlarinin olustugu 8, 2, 9, 7, 4, 1 ve 6 modlarinin
dogal frekanslar1 izlemistir.

SONUC

Giliniimiizde disik giriltili ve yiiksek giivenlikli
makinelerin, konforlu tasitlarin, dinamik yiiklere karsi
dayanikli yapilarin tasarlanmasi, emniyetli isletme
sartlarinin  ve optimum ¢alisma parametrelerinin
bulunmasi gibi ¢esitli amaglar igin modal analiz metodu
olduk¢a etkili bir sekilde kullanilmaktadir. Bu
caligmada iki ucu ankastre U c¢ercevenin teorik ve
deneysel modal analizleri yapilmis ve sonuglari
karsilastirmali olarak sunulmustur.

Yapilan analizlerde U c¢ergevenin ilk 9 modu dikkate
almmugstir. Yapinin SE modeli ANSYS’te olusturulmus,
deneysel model ise 28 diigiim 27 elemandan olusacak
sekilde tasarlanmigtir. Modal analizler sonucunda
deneysel ve SE modellerin dogal frekanslar1 arasindaki
farklarin %0.04 ile %6.76 arasinda degisiklik gosterdigi

belirlenmistir. ANSYS’te olusturulan modelin malzeme
ozellikleri, ag yapist ve mesnet baglantilart gibi
parametreler {izerinde degisiklikler yapilarak hata
oranlar1 azaltilabilir.
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ABSTRACT

The visual quality of the print result is largely dependent on the optimum level of coalescence process of the
underprint material and the ink. The structural characteristics of the paper are extremely important in that the print
can be obtained without loss and with the desired colour value. Since paper and cardboard are heterogeneous and
interchangeable materials, it is necessary to measure the structural properties and determine their effect on the
printability parameters of these properties. In this study, 90 g/m? alternative papers, which are widely used in a
certain product group and have different characteristics, are selected. 5 alternative papers were selected, elongation,
strength, contact angle and surface energies were determined with the calibrated test devices. With offset printing,
the ink is transferred to the paper by keeping the ink quantities constant with the cyan, magenta, yellow and black
lines. Inks were measured for density and colour measurements followed by light fastness test and colour
measurements were repeated. Differences in colour and paper properties are compared with multi-criteria decision
making methods and given graphically. The optimal paper was selected using the TOPSIS (Technique for Order
Preference by Similarity to Ideal Solutions) method, which is a multi-criteria decision-making method for choosing
the most appropriate paper for production.

Keywords: Multiple Criteria Decision Analysis, Offset Printing, Paper, TOPSIS

Ofset Baskida Kaplanmamus Kagitlarla Uretim icin En Uygun Secenegin Cok Kriterli
Karar Verme Metodu ile Belirlenmesi

oz

Baski sonucunun gorsel kalitesi biiylik l¢lide baski alti malzemesi ve miirekkebin optimum birlesme siirecine
baglidir. Kagidin yapisal 6zellikleri, baskinin kayipsiz ve istenen renk degeri ile elde edilebilmesi bakimindan son
derece dnemlidir. Kagit ve karton heterojen ve degistirilebilir malzemeler oldugundan, yapisal dzellikleri 6lgmek ve
bu ozelliklerin basilabilirlik parametreleri iizerindeki etkilerini belirlemek gereklidir. Bu ¢alismada, belli bir {iriin
grubunda yaygin olarak kullanilan ve farkli 6zelliklere sahip 90 g/m? alternatif kagitlar secilmistir. 5 alternatif kagit,
uzama, kuvvet, temas agis1 ve ylizey enerjileri test cihazlariyla 6lglimlenmistir. Ofset baski ile, miirekkep miktarlari
sabit tutmak suretiyle cyan, magenta, sar1 ve siyah miirekkep kagida aktarilmistir. Yogunluk ve renk degerleri igin
miirekkepler 6l¢limlenip, ardindan 151k hasligi testi gergeklestirilerek renk Ol¢timleri tekrarlanmistir. Renk ve kagit
ozelliklerinde farkliliklar ¢ok kriterli karar verme yontemleri ile karsilagtirilarak grafik olarak verilmistir. Baskida en
uygun kagidi belirlemek icin ¢ok kriterli bir karar verme yontemi olan TOPSIS (Alternatifler Arasindan ideal
Se¢imin Belirlenmesi) yontemi kullanilarak baskiya en uygun kagit belirlenmistir.

Anahtar Kelimeler: Cok Kriterli Karar Verme, Kagit, Ofset Baski, TOPSIS

INTRODUCTION industry. [3-5] Development of paper industry is

. . . . accepted as one of the determinants of industrial and
Paper is a smooth material produced by making various  cyjtyral development level of a country. [6-8] In order

tree spec_ies int_o pulp and c_ellulose, and then siftingand produce a high quality paper to satisfy customer
drying via various mechanical and chemical effects [1]  expectations, it is necessary to make the best choice
and by gaining strength. Paper known as high-grade  among various paper types, to apply print standards
paper pulp are used for printing books, leaflets,  combining the most appropriate print technique, to
brochures, etc. [1,2] When the paper surface is rougher  nderstand customer needs and implement everything
and has a more porous structure, printed ink spreads and meticulously until the designing stage. [9,10].

diffuses more. Paper is one of the materials that  \yjtj-criteria decision making is a method used widely
humanity needs thanks to its place in culture and {5 ¢lassify alternatives with more than one criterion.

667
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Hwang and Yoon presented a study in 1981 on multi-
criteria decision making. TOPSIS (Technique for Order
Preference by Similarity to Ideal Solutions), one
method, is used widely and developed by Hwang and
Yoon (1981). [11,12] In this study test print
measurements of high-grade paper pulp papers were
carried out and the most ideal was identified via
TOPSIS results.

MATERIAL and METHODS

In this study 5 samples from high-grade paper pulp
papers used in printing industry were chosen. These
samples were assessed on amount of percent decrease in
CMYK density values, AE differences, stiffness length,
stiffness width, ash content, tensile strength width,
tensile strength length, contact angle, and surface
energy for each CMYK colours after light-fastness were
and results were shown in Table 1.

Testing prints were done putting papers with the same
thickness but different properties one after the other

while the offset printing system was working at a speed
of 7000. Print pressure value was stabilised during the
printing for papers with the same thickness. Printing
setting conditions were met at an ambient temperature
of 20 °C and at a relative humidity of 55% on condition
that ink water balance was stabilised. [13,14] Changes
in accordance with the physical properties of paper were
compared under the condition that ink amounts
transferred on each sample was equal. Light-fastness
test was done using the light - fastness device with 1SO
105-B02 [15] standard. Test scales for colour
measurement were prepared in line with the 1SO 12642-
2 and ISO 12642-1 [16] standards.

Test prints were done in the press in which ISO 12647-2
[17-21] standard applied. Colour gamuts were prepared
creating ICC profiles from the ECI 2002 colour
measurement zone on the scale for test prints (Figure 1).
Surface tone density values of print samples prepared in
the study were obtained at 20 observer angle and under
D50 light source. Measurements were carried out in line
with ISO 12647-2 standard.
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Figure 1. Print Testing Scale

FINDINGS

In the study, alternatives of TOPSIS method were found
and assessment criteria were identified according to its
advantages. Accordingly, there are 5 samples of high-
grade paper pulp paper used in print industry. Selection
criteria for high-grade paper pulp paper were amount of
percent decrease in CMYK density values, AE
differences, stiffness length, stiffness width, ash content,

tensile strength width, tensile strength length, contact
angle, and surface energy for each CMYK colours after
light-fastness and these were calculated with the
formula below and results were shown in Table 1.

all alz e aln

a21 azz e a2n
Aij = .

aml amn
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Table 1. Properties of papers used

Density AE differences Stiffness Strength
MIN MIN MIN MIN MIN MIN MIN MIN MAX MAX  MIN MAX MAX MAX  MIN
Break Break
St. St. Ash
C M Y K C M Y K . Strength ~ Strength. C.A. S.E.
Length Width Amount
Length Width
IH1 8,18 1569 5859 333 115 2,74 11,08 151 0,6 0,2 24,43 94,13 64,91 82,90 35,10
IH2 103 1383 6526 1,75 2,30 246 1217 159 04 0,2 23,64 84,61 58,35 81,60 3550
IH3 1,83 943 4948 167 324 244 12,76 157 0,6 0,2 21,63 83,67 57,70 86,50 33,80
IH4 099 909 5714 1,74 212 207 1046 258 06 0,4 20,25 84,61 58,35 96,40 30,20
IH5 9,17 990 5895 579 2,78 237 1092 274 0,4 0,2 24,27 95,32 65,73 91,30 32,00
Table 2. Decision Matrix of Criteria for Samples (A)
Density AE differences Stiffness Strength
MIN MIN MIN MIN MIN MIN MIN MIN MAX  MAX MIN MAX MAX MAX  MIN
Break Break
St. St. Ash
c M Y K Cc M Y K - Strength ~ Strength. C.A. S.E.
Length Width Amount Length Width
IH1 8,18 1569 5859 333 115 2,74 11,08 151 0,6 0,2 24,43 94,13 64,91 82,90 35,10
1H2 1,03 13,83 6526 175 230 246 1217 159 0,4 0,2 23,64 84,61 58,35 81,60 35,50
IH3 1,83 943 4948 167 324 244 12,76 157 0,6 0,2 21,63 83,67 57,70 86,50 33,80
1H4 0,99 9,09 57,14 174 212 207 10,46 2,58 0,6 0,4 20,25 84,61 58,35 96,40 30,20
IH5 9,17 990 5895 579 2,78 237 1092 274 04 0,2 24,27 95,32 65,73 91,30 32,00
MAX 917 1569 6526 579 324 274 1276 2,74 0,60 0,40 24,43 95,32 65,73 96,40 35,50
MIN 099 9,09 4948 167 115 2,07 1046 151 0,40 0,20 20,25 83,67 57,70 81,60 30,20
The matrix was normalized by taking the square root of n WiT11 Walte WnTin
sum of root of scores and properties of criteria in the _ WiT21 Walya WnT2n
. o w;,=1 =
decision matrix in Table 2. .
=1 W1Tm1 WnTmn

The formula shown below is used for normalising and
matrix R is obtained.

1 T2 T1in
- Qij R.. 21 T22 Ton
j - iy =
] m g J
k=1"kj Tm1 Tmn
8,18
Y, =
H / J/8.18% + 1,03 + 1,832 + 0,992 + 9,172

= 0,654

Relative weight values of the elements of the
normalised decision matrix are found in line with the
importance given to criteria. In study, weight values
were accepted to be equal and shown in Table 3.

Then when units in each column of matrix R are
multiplied by wj the related value, matrix Vij is created.
Since the calculation was made accepting importance
weight values to be equal, the formula is:

vy, = 0,654 x 0,0666 = 0,0435

Since the weight does not change when applied to
matrix R, the data in Table 3 were accepted as matrix
Vij and also formed the weighted normalised decision
matrix.

Weight values of the criteria are given in Table 4.
According to Table 4 whole criteria have same value.
While ideal solution was composed of the best
performance values of weighted normalised decision
matrix, negative ideal solution was composed of the
worst values. Ideal solutions were calculated using the
formulation shown below. In both formulas, | shows
benefit or profit (maximization), and J shows cost
(minimization) value. The values obtained from the
benefit or profit (maximization), and J shows cost
(minimization) value. The values obtained from the
formula in Table 5 are as follows

669



Table 3. Matrix
Density AE differences Stiffness Strength
MIN  MIN MIN MIN MIN MIN MIN MIN MAX MAX MIN MAX MAX MAX '\K'l'
St st Ash Break Breakh
C M Y K C M Y K . . Amou  Stength  Strengh C.A.  SE.
Length Width nt Length Width

IHL 0654 0590 0451 0456 DR 0505 0431 @26 0507 0354 0477 0475 0475 0,422 O'(‘)”

IH2 0082 0520 0502 0240 0425 0454 0473 0343 0338 0354 0462 0427 0427 0415 °'g7

IH3 0147 0355 (@881 @228 0598 0450 049 0,339 0507 0354 0422 0422 0422 0,440 0'3‘,"5

IH4 [DIO78 084 0440 0238 0391 (882 [MOE o557 OB0F OWOR 0895 0427 0427 S0 *

IH5 0738 0372 0454 0791 0513 0437 0424 0592 0338 0354 0474 [EBl 0©0E81 0464 0'32

Table 4. Weight Values of the Criteria (wj)

Criteria Weight Vector (wj)

C 0,06

M 0,06

Y 0,06

K 0,06

C 0,06

M 0,06

Y 0,06

K 0,06

Stiffness length 5° L&W mNm 0,06

Stiffness width 5° L&W mNm 0,06

Ash % 525°C 0,06

Break strength Length Nm/gr 0,06

Break strength Width Nm/gr 0,06

Contact Angel .WGS 0,06

Surface Energy ASTM D5946 0,06

TOTAL 1,00

Table 5. Maximum and Minimum Values (A* and A-)

MIN  MIN MIN MIN MIN MIN MIN MN MAX MAX MIN MAX MAX MAX MIN

St. Stwi  Ash B.S. B.S.

C MY K c M Y K Length dth A Lengh widh ©A  SE
IHL 0654 0590 0451 0456 0212 0505 0431 0326 0507 0354 0477 0475 0475 0422 0470
IH2 0082 0520 0502 0240 0425 0454 0473 0343 0338 0354 0462 0427 0427 0415 0476
IH3 0147 0355 0381 0228 0598 0450 0,49 0339 0507 0354 0422 0422 0422 0440 0453
IH4 0079 0342 0440 0238 0391 0382 0406 0557 0507 0,707 0395 0427 0427 0490 0,405
IH5 0733 0372 0454 0,791 0513 0437 0424 0592 0338 0354 0474 0481 0481 0464 0429
A- 0733 059 0502 0791 0598 0505 0496 0592 0338 0354 0477 0422 0422 0415 0476
A* 0079 0342 0381 0228 0212 038 0406 0326 0507 0,707 0,395 0481 0481 0490 0,405

A ={ (maxvy | €7), (minvy; |j € )}

A = {v],v;, ..., v}

For negative ideal solution the following formula is
applied.

= (fmno 1) e )

A” ={v],v;,..,v;}
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4= {0,079, 0,342,0,381,0,228,0,212,0,382,0,406,0,326, 0,507, 0,707,}
B 0,395, 0,481, 0,481, 0,490, 0,405

4 = {0,733, 0,590, 0,502,0,791, 0,598, 0,505, 0,496, 0,592, 0,338, 0,354,}
B 0,477,0,422,0,422,0,415,0,476

Difference (distance) among the alternatives is
measured. Distance of each alternative from the ideal
solution is calculated using the below equation.

5i =

S; = /(0,654 — 0,079)% + (0,590 — 0,342) + (0,451 — 0,381)% + (0,456 — 0,228)2 + (0,212 — 0,212)?
+ (0,505 — 0,382) + (0,431 — 0,406)2 + (0,326 — 0,326)2 + (0,507 — 0,507)?
+ (0,354 — 0,707) + (0,477 — 0,395)2 + (0,475 — 0,481)% + (0,475 — 0,481)?
+ (0,422 — 0,490) + (0,470 — 0,405)2 = 0,778099465

ST =/(0,654 — 0,733)% + (0,590 — 0,590)2 + (0,451 — 0,502)% + (0,456 — 0,791)2 + (0,212 — 0,598)?
+ (0,505 — 0,505)% + (0,431 — 0,496)? + (0,326 — 0,592)% + (0,507 — 0,338)?
+ (0,354 — 0,354)2 + (0,477 — 0,477)% + (0,475 — 0,422)? + (0,475 — 0,422)?
+ (0,422 — 0,415)? + (0,470 — 0,476)% = 0,615910233

\ S
(i =— m
Si+S;
0,615910233

*

Ci = =0,441826362
1 70,778099465 + 0,615910233

In the result C1 value is in the 0<C<I interval, and C1
value approximating to 1 means it approximates to ideal
solution, and it approximating to 0 means the distance to
ideal solution. When the formula is implemented on all
variables, following results are obtained and shown in
Table 6.

RESULT and DISCUSSION

Paper whiteness value of high-grade paper pulp affects
directly the delta E values arising in colours after light-
fastness test. The difference occurred in papers with
high whiteness following the light-fastness test is more
compared to the ones with low whiteness. Although
there was a difference between numerical values of
surface contact angle, surface energy and density
values, increase and decrease directions and density
values are in the same direction.

As a result of the TOPSIS analysis conducted on high-
grade paper pulp, it was found that the sample named
IH4 was the ideal one. It is seen that the ideal paper had
the minimum amount of ash. Also, the sample farthest
from the ideal was found to be IH5 and that the amount
of ash in this sample was maximum, which show that
the implementation is consistent.
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ABSTRACT

Doubly (antimony and fluorine) doped tin oxide (SnO2:Sh:F/AFTO) thin films with low solution concentration and
low Sb doping were deposited on the glass by using spray pyrolysis technique at different substrate temperatures.
The effect of substrate temperature on properties of the prepared films was investigated. It was seen from X-ray
diffraction analysis that the thin films are rutile structure with polycrystalline and orientations along (101), (200) and
(210) directions for all substrate temperature. SEM and AFM images indicated that thin films were affected by
substrate temperature and the surface of films was homogeneous and to be made of nanocrystalline. The films have
83% average transmittance values and E4 values are between 3.10-3.89 eV. These Eg and transmittance values
changed continuously with substrate temperatures. Hence, it was concluded that properties of thin films were
affected by the substrate temperature and these result mostly compatible with the results obtained from literature.

Keywords: Spray Pyrolysis, Thin films, Antimony and Fluorine doped tin oxide (SnO2:Sh:F), Electrical Properties,
PL studies

Farkh althik sicakliklarinda sprey piroliz yontemiyle iiretilen SnO2:Sb:F ince filmlerin
yapisal ve morfolojik ozellikleri

0Z

Diisiik ¢6zelti konsantrasyonlu ve diisitk Sb dopingli ¢ifte (antimon ve fliior) katkili kalay oksit (SnO2:Sh:F/AFTO)
ince filmler, farkli altlik sicakliklarinda sprey piroliz teknigi kullanilarak cam altlik iizerinde biriktirildi. Althik
sicakliginin hazirlanan filmlerin 6zellikleri iizerindeki etkisi aragtirtlmistir. X-1g1n1 difraksiyon analizinde, ince
filmlerin, tiim substrat sicakligi igin (101), (200) ve (210) yonleri boyunca yonelimli ve polikristal tetragonal bir
yapt oldugu gorilmiistir. SEM ve AFM gorintileri, ince filmlerin altlik sicakligindan etkilendigini, film
yiizeylerinin homojen oldugunu ve nanokristallerden yapildigimi gosterdi. Filmler % 83 ortalama gegirgenlik
degerlerine sahiptir ve Eq degerleri 3.10-3.89 eV arasindadir. Bu Eg ve gegirgenlik degerleri altlik sicakliklart ile
stirekli degismistir. Bu yiizden ince film 6zelliklerinin substrat sicakligindan etkilendigi ve bu sonuglarin ¢ogunlukla
literatiirden elde edilen sonuglarla uyumlu oldugu sonucuna varildi.

Anahtar Kelimeler: Sprey piroliz, Ince filmler, Antimon ve Flor katkili kalay oksit (SnOz: Sb: F) , Elektriksel
Ozellikler, PL galigmalar1

INTRODUCTION

Transparent on optical range, low resistivity conducting
and wide optical band gap (Eg) (>3 eV) oxides (TCOs)
have attracted the scientists due to their wide using in
many research and industrial areas for example, low-
emissivity glass [1], window defrosters [2], transparent
anode layer for all general organic light emitting diodes
[3] and optoelectronic devices [4-5] gas sensor [6],
DSSC solar cell [7] and flat panel TV displays. This
combination sort of transparency and conductivity isn’t
usually possible in intrinsic stoichiometric oxides;
however, it is made in a non-stoichiometric composition
or with appropriate dopants as Sb, F, Zn, Mo, Pr and Ta
[8]. So, from 1940 year to nowadays many studies on
TCOs by using different methods and by changing the
conditions required to prepare them have been making
to improve properties of them [1-9].

It is known that many oxide stoichiometric materials
with wide gap, high T in the visible and reflective
ultraviolet ranges behave as an insulator at RT. A good
conductivity and transparency for these materials is
getting by increasing free charge concentration in the
conduction band by the state of some nonstoichiometric
[9]. These properties are obtained in deposited thin
films.

Although many excellent reviews of TCOs are available
in literature [1, 4-5], the report about doubly doped thin
films is very rare [10]. Among these doped TCOs thin
films, such characteristic properties are shown easily at
the tin oxides (SnO;) doped with antimony and fluorine.
Whenever depositing, an O% ion is substituted with an
F-ion and donor level is produced. Also, Sb introduces
Sb%* ions that act as donors but after that Sh®" ions begin
to replace the Sn** ions [8, 10, 11]. So, doubly doped
process can be made.
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Doubly doped tin oxide thin films can be produced by
many methods like as dip coating, pulsed laser
deposition [12]. Thermal evaporation [13], sol-gel [14]
and spray pyrolysis technique. The spray pyrolysis
method is very useful technique because it is economic,
cheap, re-producible and suitable for big area uniform
coatings and easily adding dopant materials [10, 15].

In this study, homemade spray pyrolysis technique,
which is ideal for performing multiple doping, was used
in the production of antimony and fluorine doped tin
oxide thin films. The effect of substrate temperature on
the structural and morphological properties of these thin
films was investigated using XRD, SEM, UV and PL
analyzes. Analysis of these thin films revealed very
interesting properties, such as p-type conductivity first
time reported for doubly doping as known.

MATERIALS and METHODS
Deposition of SnO2:Sb:F Thin Films

In the experiment, Antimony (Sb) and Fluorine (F)
doped tin oxide (called SnO2:Sh:F or AFTO) thin films
were deposited on borosilicate glass substrates with
(1x1x0,1) cm® using starting solution with low
concentration by home-made spray pyrolysis technique
at different substrate temperatures in steps of 40 °C. The
schematic diagram of home-made spray pyrolysis
technique and other details have been reported
elsewhere [11]. Substrate temperature is maintained 320
°C from 480 °C +5 using thermocouple. While host
precursors for Sn are SnC2.2H,0, Sbh and F doping was
obtained from SbClz and NHiF (Merck) precursors,
respectively. Doping of Sb and F is 4 and 30 wt. %,
respectively. To enhance the solubility of tin oxide, 5
mL HCI is added with the precursor solution. Totally,
volume of solution with doubly deionized water is 50
mL. After deposition, the substrate temperature was
decreased to 25 °C. In each process, several samples
were produced simultaneously at each different
substrate temperature levels. It was realized that the
crystals have same properties as like [16].

The substrates were washed in ultrasonic cleaner with
organic solvents and deionized water for 8 min. The
substrates were pre-heated to gain the required
temperature on all glass surfaces. Spray nozzle-substrate
distance and angle (o) were 40 cm and 45°, respectively.
The deposition time was 20 min, speed per minute is 20
rpm and totally volume is 50 mL.

Characterization

The deposited thin films were fully characterized with
XRD, SEM, optical and electrical property
measurements etc. XRD patterns of these thin films
were recorded by Rigaku D/Max-1lIC XRD
diffractometer with CuKa radiation (\=1.5418 A), at 30
kV and 10 mA. Surface morphology of film analyzed
with SEM and AFM, that is, by employing JEOL SEM
Model 6460 Scanning Electron Microscope and by NT-
MDT Atomic Force Microscope. The Optical
measurements carried out in the range of 250-1000 nm

using a UV-VIS spectrophotometer (Perkin Elmer,
Lambda 35). The electrical measurements measured
using the Vander Pauw configuration probe by Ecopia
HMS5000/AMPS55T Hall probe system in at room
temperature. PL measurements were taken by using
Jobin Yvon Horiba Spex Fluoromax-3 Spectrometer.
300 nm is excitation wavelength in all PL experiments.

RESULTS and DISCUSSION
Structural Analysis

Structural properties of SnO2:Sb:F/AFTO thin films
with low concentration (0.05 M) deposited at different
substrate temperature were determined using XRD
technique. XRD spectra for these AFTO thin films are
studied in the 26 of 20°-70° shown in Figure 1.

It was seen that the prepared films were polycrystalline
with tetragonal (rutile) structure irrespective of substrate
temperature. Three more power peaks along (101),
(200) and (210) and two more lower peaks along (110)
and (211) planes are clearly indicated that the films
have polycrystalline mainly. Extra phases (as like SnO,
Sn;O3 and Sh,0O3; compounds) are not observed in the
deposited films [8]. It was found that XRD patterns
were compatible with the Amer. Soc. for Testing and
Materials (ASTM) standard (JCPDS Card No: 71-0652
Quality C) for the tin oxide.

The films deposited at different substrate temperature
have preferential orientation along the (200) plane.
However, as the temperature is increased the intensity
of the (200) peak increased, after 400 °C decreased. So,
best properties regarding crystalline structure was
observed on films which prepared at 400 °C
temperature. It was understood that 400 °C substrate
temperature was suitable for good atomization which to
make good thin film on substrate. The reason of this
may be due to the increase in crystallinity with
increasing in the substrate temperature.

(110) (101) (200) (210) (211)
e |
] 0.05M 480 °C
3
g 0.05 M 440 °C
)
S l
£ A A
5 L 0.05M 400 °C
A
[\ 0.05 M 360 °C
0.05 M 320 °C
T

T T T T T T
20 25 30 35 40 45 50 55 60

20 (Degree)
Figure 1. The XRD spectra for SnO2:Sb:F/AFTO thin films
prepared at different substrate temperatures

Because the sharp and highly intense peaks suggest that
deposited films have good crystalline nature [17].
Moreover, when substrate temperature was increased,
decomposition increases and good thin film growth
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quality was better because of ideal deposition conditions
taken place on the substrate. But, more increasing
substrate temperature after 400 °C is risky due to
solvent vaporizes before the droplets reaches the
substrate or begin more dislocation on the substrate due
to high vibration. Similar results have been found in the
literature [8,10]. For example, Mokaripoor and Bagheri-
Mohagheghi [8] have reported that tin oxide thin films
with very low to high Sb doping have (110) and specific
(110) and (200) direction. However, as the ratio of Sb is
increased, intensity of the (110) peak decreased but
intensity related to the (200) increased like present
study.

Also, it was noted in the literature that if HCI was put in
the solution, the thin films were clearly oriented along
(200) plane. As HCI was added the solution in this
study, the (200) planes were observed [17]. Finally,
substrate temperature 400 ‘C was the best crystalline
preparing temperature found in the present work. So,

substrate temperature is more important parameter for
preferential orientation in depositing thin film.
Moreover, the preferred orientations depend on
compounds’ source, solvent and growth parameters
such as solution and deposition concentration [7,19,20].
The crystallite size (D) of these AFTO thin films is
calculated using Debye-Scherrer’s formula,
D=0.90/(Bcosb)  [8] where X is the wavelength
(A=1.5418 A), p means of the broadening of diffraction
line measured at (FWHM) and 0 is the Bragg angle.
Structural parameters of these AFTO thin films which
were calculated for only preferential orientation plane
by using above formula are summarized in Table 1.

Tablel. Summary of the structural parameters of SnO2:Sh:F/AFTO thin films

Tureae QKD 200 FWHM  dswdA)  deal(A)  asto=bsia(A)  aca=beal(d)  Csta(A)  Ccal(R)  D(nm)  S(lines/ m?)
320°C (200) 37,9 023257 2369 2,375 4,738 4,750 3,187 - 38,1 6,91E+14
360°C (200) 38,0 0,23364 2,369 2,369 4,738 4,738 3,187 - 37,9 6,97E+14
400°C (200) 38,0 0,22777 2,369 2,369 4,738 4,738 3,187 3,183 38,9 6,62E+14
440°C (200) 38,1 0,14224 2,369 2,363 4,738 4,726 3,187 3,164 62,2 2,58E+14
480°C (200) 37,9 0,20737 2,369 2,375 4,738 4,750 3,187 3,160 42,7 5,49E+14

(hkl) miller indices, 20-The Diffraction Angle, FWHM-Full width at half maximum, d-interplaner distance, a, b and c lattice

constants, D-Crystallite size, 8-Dislocation density, cal: calculation and std: standard

o000 Apr 2013

Figure 2. SEM mcrogrphs for Sn02:Sh:F/AFTO thin films
prepared at different substrate temperature; (a) 320 °C, (b) 360
°C, (c) 400 °C, (d) 440°C and (e) 480 °C respectively.

From the estimated crystallite size values (Table 1), it is
found that the crystallite size changed depending on

substrate temperature from 38.1 nm to 42.7 nm. A
sudden increase at 440 °C can be due to the aggregation
of grains (see SEM-AFM graphs). Once fluorine doping
in present work comparing to earlier work [11]
decreased, it was seen grain size of thin films increased
in good agreement with Shinde et al [21]. So, the
obtained structural values for SnO.:Sb:F/AFTO thin
films are in good agreement with the literature.

The distance of interplaner (d) for every crystal
calculated (see Table 1) from XRD results by using
Bragg's law; (n A =2dsin®). As the films have tetragonal
rutile structure, the lattice constants a and c are
calculated using the equation [22];
(L/dH)={[(h?+k?)/a?]+(1?/c?) where (hkI) is Miller indices.
Tetragonal rutile structure has a=b#c, o=p=y=90"
formula. The calculated ‘a=b’ and ‘¢’ values are well
matched with the JCPDS Card No: 71-0652 Quality C.
Lattices parameters (a and c) which calculated from
XRD measurement were given in Table 1. It was
concluded that lattice constants of these thin films were
not affected much with substrate temperature but the
minor increase in the lattice parameter (a) may be due to
the increase in the substitutional F (133 pm) ion with the
O (132 pm) ion sites. Also, if lattice parameters variety
for thin films deposited by spray, automatically film
grains is strained means of due to the change in the film
structure and impurity concentration [23].
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In this work, dislocation density (3) was calculated with
5=1/D? formula where D is the crystallite size [24]. The
dislocation densities of these films are presented in
Table 1. The small values of & obtained in these
reported study approved the good crystallinity of AFTO
thin films deposited by spray pyrolysis technique [17].
Despite having the best crystal quality at 400 °C, the
dislocation density of this crystal is higher than the
crystals obtained at higher temperatures. This situation
has not been understood. But, like in our previous work,
it was seen that precursor concentration is the most
important process parameter controlling film structural
properties and reducing the defects.

Morphological Study

The surface morphological measurements of AFTO thin
films which prepared at different substrate temperature
were taken by using a JEOL SEM Model 6460. This
SEM Micrographs displaying the surface morphology of
AFTO thin films are shown in Figure 2.

It was seen from SEM graphs that the surface
morphology of the films was strongly affected by the
substrate temperature. The evolution in the structure of
the films is evident from images presented. It is
observed that the AFTO thin films were fully covered
on all the substrate and nanocrystalline particles were

mostly found on the film surface. It was found that as
crystallinities of thin films are developing, surface
morphologies are uniform and homogenous with well
developed.

It was known from SEM analysis, the grain size
increased when substrate temperature increased until
400 °C. The grain size at the further temperature
increasing exhibits a decreasing trend. At 440 °C it was
found a sudden increase. These results are suit to the
XRD analysis. AFTO thin films have uniform size
grains with circle shape at very lower and upper
temperature from 400 °C. At 400 °C which achieved the
best film surface size grains have both circle shape and
needle shape.

Substrate temperature is an important parameter because
when substrate temperature increased, decomposition
increases and good film growth quality is better because
of ideal deposition conditions taken place on the
substrate. But, at low substrate temperature, droplet in
liquid phase which reached on the substrate decomposes
without a good film growth quality according to another
high substrate temperature.

Figure 3. AFM images for SnO2:Sh:F/AFTO thin films prepared at different substrate temperature; (a) 320 °C, (b) 360 °C, (c)

400°C, (d) 440 °C and (e) 480 °C respectively.
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Surface Study

A further increasing substrate temperature after 440 °C
is risky due to solvent vaporizes before the droplets
reaches the substrate or begin more dislocation on the
substrate due to extreme vibration. Finally, it was found
that best crystalline and SEM results confirmed XRD
patterns. 3D AFM images at Figure 3 showed that the
surface of these films have nanocrystalline particles-
uniform and homogenous with well developed. The
cone or cornet shapes grains can be seen on all
substrates.

Most grains are slightly non-homogenous except Figure
3-c. When the substrate temperature is increased at 400
°C, the distribution of grains is more uniformly on the
substrate surface. Some higher grains seem to be
aggregated at 440 °C substrate temperature which
confirmed SEM graphs. From the AFM images, it was
understood that the surface grain size become going
smaller and then larger.

The values of surface RMS (Root mean square
roughness) depended on substrate temperature are seen
in Table 2. These values follow the same trend like
surface grain size as a function of the substrate
temperature. The RMS of the films doped at 400 °C is
the lowest in comparison with other films.

Table2. The RMS values of AFTO films prepared at different
substrate temperature

Substrate Temperature RMS (nm)
320°C 113,455 nm
360 °C 74,9580 nm
400 °C 35,6588 nm
440 °C 36,8323 nm
480 °C 57,6777 nm

RMS- Root mean square roughness
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Figure 4. Optical transmission spectra of SnO2:Sh:F/AFTO
thin films prepared at different substrate temperature

The optical transmission spectras (T) of the AFTO thin
films prepared at different substrate temperature in the
wavelength range of 300-1000 nm are shown in Figure
4. As tin oxide and its derivatives is one of the most

attractive TCOs materials, it is expected that they have
high transmittance in general. In this work, the average
transmittance of these thin films in the visible range is
observed as between 50-85%. It is found that The
AFTO thin film deposited at 400 °C exhibits the highest
transparency (83% at 700 nm).

At deposited 320 °C substrate temperature, the thin
films have lower transmittance from other which may
be due to incomplete decomposition of the sprayed
droplets. The value of T of thin films increased when
substrate temperature increased from 320 °C to 400 °C
due to the increasing crystalline. At higher temperature,
T decreased due to solvent vaporizes before the droplets
reach the substrate. These results were similar to those
found in literature [8, 17].

The main absorption can be used to define the materials
Ey [25]. The molar absorption coefficient (o) can be
counted from the Lambert-Beer law [26]; a=In[(1/T)/t].
And that coefficient changes with photon energy (hv) in
term of ahv=A(hv-Eg)"? formula where A is related to
the effective mass associated with the Egand n is equal
to 1 for a direct gap and 2 for an indirect gap material
[27]. The direct E4 values were found by extrapolating
the linear portion of these ahv)? vs. (hv) and (chv)Y? vs.
(hv) plots to the zero absorption [18]. The Egy values
estimated using the absorption spectra are presented in
Table 3.

Table3. The T and Egq values of AFTO thin films prepared at
different substrate temperature

Substrate Taverage (%0) Eg (eV)
Temperature at 700 nm
320°C 57,07 3,10
360 °C 77,64 3,59
400 °C 83,19 3,89
440 °C 72,66 3,53
480 °C 72,26 3,71

——320°C Eg:3,10eV
———360°C Eg:3,59eV
1 =——400°C Eg:3,89ev
440°C EQ:3,53eV
480°C Eg:3,71eV

2 2
|

(cthv) (eV/em)

I . T . "' " 'l v T ¥
2:5 3,0 3.5 4.0 4.5 5,0
hu (eV)

Figure 5. Plots of (ahv)? versus (hv) for AFTO thin films
prepared at different substrate temperatures
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From the Table 3 it is observed that AFTO thin films
have wide optical band energy about 3.10-3.71 eV at
room temperature and direct band gap. Also optical
band gap at 400 °C temperatures is the highest values.
The reason for the increasing Eg value is due to
decreasing band defects according to report declared by
Senthilkumar et al. [28]. That means crystallinity of
films increased with substrate temperature, diminished
defects quantity and gained better crystal orientation.
Hence recombination with no-light reduced and the
intensity of the peak increased.

Shortly, it must be well adjusted the substrate
temperature which affected T and Eg4 values. Moreover,
due to the contribution of quantum size effect regarding
thin film, the band gap of SnO; thin films larger than the
value of 3.62 eV for the bulk SnO, [29,30]. Because
band defects in crystal were found very low than
normally value. Eq values are compatible with literature
[8,17,27,31].

Electrical Studies

Ecopia HMS5000/AMP55T Hall probe technique in
Vander Pauw configuration at room temperature was
used determining of the sheet resistance (Rsh), carrier
concentration (n), resistivity (p), conductivity (o) and
carrier mobility (p) of these AFTO thin films deposited
at different substrate temperature. They have been
presented in Table 4. The Average Hall Coefficient
measurements confirmed that some of these thin films

have p-type conductivity and also some of them n-type
conductivity.

When SnO; is doped with Sb, some of the Sn**ions in
the lattice are substituted with Sb*® ions, since the ionic
radius of antimony (62 pm) is similar to tin (71 pm).
This substitution of Sb*® ions as donor compose a free
electron in lattice which results in an increasing in the
concentration of free charge carrier (electron) and
decreasing the Rsn. When the doping ratio increases,
some Sb*® ions reduce to the Sh*3 state. So, the acceptor
sites (loss of charge carries) is seen [18, 32, 33].

Sh*S ions in role of acceptor (interstitial ions) can trap
some free electron in higher quantity of impurities and it
was resulted that decreasing in the free charge
concentration and so increasing the sheet resistance [8].
Similarly in the case of fluorine doping, the F impurity
ions (133 pm) substituted O anions (132 pm) in the
lattice and created free electrons.

Therefore, the films Rs, value decreases. But in more F
ratio, the Rsn increases because the more F atoms cannot
act as suitable substitution impurities, but act as
interstitial impurity and hence increasing the error
(disorder) in the lattice and finally the Rs, increases
[10,18].

As doping agents such as antimony and fluorine in this
report have their own limits to decrease the resistivity,
both of these doping agents are deposited in different
ratios to find for better conductivity condition [18].

Tabled. Various electrical parameters of Sn02:Sh:F/AFTO thin films prepared at different substrate temperatures

Substrate

Temperatures Rsh (MQ/em?)  n (x10%/cm3)  p (Q.em) ¢ (S/cm) n (cm?/V.s)
320°C 161 86,3 3.61E-02 2.77E+01 4.20E+00
360 °C 318 1,45 1.85E-02 5.39E+01 4.09E+01
400 °C 288 3,84 5.98E-03 2.27E+02 3.82E+01
440 °C 149 12,12 2.05E-02 4.87E+01 8.38E+00
480 °C 153 -23,08 2,53E-02 3,95E+01 4,03E+00

Sheet resistance (Rsn), carrier concentration (n), resistivity (p), conductivity () and carrier mobility (w)
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Figure 6. Some electrical parameters of SnO2:Sh:F/AFTO
thin films prepared at different substrate temperatures

The films Rsy depend on fluorine and antimony ion
doping in SnO, lattice or interstitial site as a role of
donor or acceptor, respectively, [34]. The variations of
Rshn and electrical resistivity (p) with substrate
temperature are seen in Figure 6. Both have same trend
as a function of the substrate temperature like

The films Rsy depend on fluorine and antimony ion
doping in SnO- lattice or interstitial site as a role of
donor or acceptor, respectively, [34]. The variations of
Rsn and electrical resistivity (p) with substrate
temperature are seen in Figure 6. Both have same trend
as a function of the substrate temperature like
decreasing with increasing substrate temperature and
then increasing at higher temperature. This variation
compatible with XRD results is due to the proper
improvement in the film crystallinity.
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In the case of higher solution concentration and higher
doping of F, the films have lesser Rsh value. It may be
due to the predominant role of oxygen vacancies over
the substitutional incorporation of F- ions. Similar
results were found in other studies [11, 17, 35]. On the
other hand, it was reported by Chinnappa et al. [17] that
which in the starting solution Sb doping does not affect
Rsh value in the AFTO, it this work we found that Sb
doping influenced (was increased) the values of R
compared to our previous study [11].

Also, it is seen that the carrier concentration (n)
decreases with increasing temperature and after 400 °C
increases. Therefore, the transparency values in the
visible region are also high. Otherwise, transparency is
reduced with an excessive amount of carrier
concentration, but near IR region reflectivity has
improved [36]. Kojima et al. [33] reported that T value
increased due to reduced solution concentration. In
short, it was concluded that the electrical properties are
affected by the substrate temperature.

The negative value of the (n) prepared in 0.05 M
concentration and (101) peaks dominance in thin films
is reached as the result that some these films show p
type conductivity instead of n type conductivity. This is
the case with Gupta et al. [37] and Ravichandran et al.
[38]. Already Kawazoe et al. [39] reported that research
on such TCO materials continued [37]. The ideal p-type
TCO materials should have higher transparency and
conductivity was mentioned by Ravichandran et al. [38]
and Benouis et al. [40]. For this reason, an intensive
effort has made to investigate p-type conductivity
studies. At the same time doubly doped tin oxide with
p-conductivity was reported for the first time in this
report.

Conductivity (o) and carrier mobility (i) is increasing
with substrate temperature and then decreasing for
higher temperature. The increasing reason carrier
mobility is that the effect of increasing grain size or
concerned to doping of Sb and F where previously
discussed at Figure 5. Because, the grain boundary and
ion impurity scattering effect mobility [41]. In same
time, second scattering which limits the mobility is the
dominant mechanism [10]. However, the mobility of the
films with high doped rating was lower than that of the
films with less doped due to interstitial scattering due to
the excessive doped of fluorine.

These results are match with the previous reports i.e.
substrate  temperature decides the SnO, film
stoichiometric variation. But, if substrate temperature
increasing much the film starts non-stoichiometric state
which behaviors that the surface mobility was enhanced
and thus the grain size become larger. So, grain
boundaries reduced and mobility enhanced [10,42].

Photoluminescence (PL) Studies

PL measurements provide information about band
transitions and imperfections in the structure. To
identify that, thin films excited at 300 nm. A room
temperature PL spectrum of AFTO thin films was
recorded as shown in Figure 7. It was found that a

strong blue emission band around 347 nm (3.57 eV) and
low intense three peaks around 397 nm (3.12 eV), 450
nm (2.76 eV) and 469 nm (2.65 eV) in all films.

Origin of 3.57 eV peak is exciton emission inside rutile
SnO; structure [43]. Intensity of this peak is power than
in our previous study. PL band at 397 nm can be related
to the electron transfer from the donor level to the
acceptor level [44]. In spray polycrystalline oxides,
oxygen vacancies are accepted common defects and
composed the donor level [45]. Also, some researchers
have reported that SnO- thin films has a broad dominant
peak near 396 nm (about 3.14 eV), which assigned with
luminescent centers such as nanocrystals and defects
[46]. Also Gnanam and Rajendran [47] said to Cheng et
al. [48] proposed that 452 nm band may be concerned to
crystal defects or defect levels associated with oxygen
vacancies or tin interstitials. A 469 nm peak related to
blue luminescence and can be assigned to singly
charged O, vacancies or luminescent centers [49].
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—360°C
| e 400°C
—440°C
. 480°C
: E Fexcitation'300 "M
2
0
2 ]
2
£
T
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Figure 7. PL emission spectra of SnO2:Sh:F/AFTO thin films
prepared at different substrate temperature

It was found from PL graphs that maximum PL
intensity of film deposited at 400 °C is located at about
347 nm and this is corresponding to about 3.57 eV
(optical Eg), but it was found the Egy value of films at
400 °C was to be about 3.89 eV. This discrepancy in
band gap energy value would be due to the fact more
defects which located in the band gap [50]. But, any
detailed explanation about these results in conflict with
each other was not been identified.

The improvements in the crystal with increasing
substrate temperature (diminished defect density,
improved crystal orientation) have resulted in increased
energy and intensity of the PL emission. But, there was
so very slight shift to a UV region for strong peak due to
decreasing defects with the substrate temperatures.
Because, the UV shift can be attributed to the increased
crystallinity and a higher carrier concentration [51].
These values are like to the results reported by previous
reports [19,52,53].
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CONCLUSION

In this paper, two layers of doped SnO2:Sh:F/AFTO low
doped and low solution concentration thin films have
been successfully prepared by using homemade, simple
and easy spray pyrolysis method at different substrate
temperatures. From the XRD spectra, it was found that
these films were polycrystalline and had a rutile
quadrangular structure with three main peaks having
planes (110), (200) and (210). The grain size of the thin
films ranged between 38.1 nm and 42.7 nm. The surface
morphology was investigated by SEM and AFM, and
the films were found to have nano-particulate structure.
Hall Effect revealed that some of these thin films had p-
type conductivity (no report for doubled doped films)
and some had n-type conductivity. The optical
transmittance of the films was between 60% and 80%,
and the optical band gap of these films varied from 3.1
eV to 3.89 eV, depending on the substrate temperature.
All structural and morphological properties of AFTO
thin films have demonstrated that they can have
optimum  properties  with  appropriate  doping
concentration and these films have the potential to be
used as an alternative product in TCO applications.
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ABSTRACT

Brain Machine Interface (BMI) especially used for disabled people and military services. However, in the literature
review, no study was detected on the relationship between the age of the person using the device and the
performance of it. The aim of this study is to detect whether age is important in controlling a robot using BMI or in
which age range this control is more efficient. The study was carried out with 45 healthy male subjects (age range:
7-60). The focusing and activating time of each subject was recorded and analysed. The analysis results showed that
this time was the shortest in children and the longest in adults. The study results indicated that the time to focus and
activate the device increased in parallel with the age, and hence, the children and the young were much better at
controlling or activating an external device through BMI.

Keywords: Brain Machine Interface, Electroencephalography, Neurosky Mindwave, Robot

Beyin Makine Arayiizii kullanominda Yasin Etkisi

(0V4

Beyin Makine Arayiizii (BMI), 6zellikle engelli insanlar ve askeri hizmetler i¢in kullanilmaktadir. Fakat yapilan
literatiir taramasinda cihazi kullanan kisinin yast ile cihazdan alinan verim arasinda herhangi bir g¢alismaya
rastlanmamugtir. Bu arastirmanin amaci, BMI kullanilarak bir robot kontrol edilirken cihazi kullanan kisinin yaginin
Onemi Ve hangi yas grubunda bu kontroliin daha verimli yapilabildigini belirlemektir. Calisma, 45 (7-60 yas aralig1)
saglikli erkek denek ile yapildi. Her denegin odaklanma ve araci harekete gecirme siireleri kayit altina alinarak analiz
edildi. Analiz sonuglari, bu siirenin ¢ocuklarda en kisa, yetiskinlerde ise en uzun oldugunu gostermistir.
Calismamizin sonuglari, yasla birlikte odaklanip aract harekete gecirme siiresinin arttigini ve bundan dolay1
yetiskinlere gore cocuklar ve gengler BMI ile harici cihazlari ve robotlar1 kontrol etmede veya calistirmada daha
basarili olabileceklerini gostermektedir.

Anahtar Kelimeler: Beyin Makine Arabirimi, Elektroensefalografi, Neurosky Mindwave, Robot

INTRODUCTION electrically process and transmit data with electrical and
chemical signals [13, 14]. Different thinking activities
result in different brain signal patterns. Brain Computer
Interfaces (BClIs) were controlled by direct use of brain
signals [15]. Electroencephalography (EEG), near
infrared  spectroscopy, magnetoencephalography,
functional magnetic resonance imaging, local field
potentials and similar techniques have used in BCI
applications. However, EEG is often preferred because
of its simplicity, inexpensiveness, high temporal
resolution and being practical in recording, processing
and application [16, 17]. In this method, neural
interactions are detected with the help of electrodes and
transferred to the electronic systems by using special
programs [18]. EEG signals vary based on brain activity
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Brain Machine Interfaces (BMIs) are systems that
enable people to use a machine, an electromechanical
arm, or a variety of neuroprosthesis without using their
muscles [1-3]. The purpose is to control the devices by
interpreting the brain wave frequencies with these
systems [4-5]. BMI technology, which is considered to
be very important, especially for paralyzed patients [6-
9]. It has been investigated to using in military in recent
years such as in unmanned aerial vehicles, military
trainings and operations [10, 11]. The brain, spinal cord
and peripheral ganglia had the main components of the
central nervous system, and the brain consists of more
than 100 billion neurons [12]. Neurons stimulated



quantity, brain frequency distributions can be examined
[19].

status (Figure 1), and collected, processed and
interpreted by algorithms. The most commonly used
method is the Fast Fourier Transform (FFT). Since FFT
converts a signal from temporal quantity into frequency
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Figure 1. Four EEG brain waves and the states of consciousness

With EEG signals, patient treatment methods are research, no study was detected examining the

developed and communication is established with
electronic devices [17, 20]. General BMI process steps
(signal collection, pre-processing, attribute extraction,
classification and application) are shown in Figure 2 [1].

Feature
» extraction/selection :>
application
interface

Receiving
the signal

Figure 2. Basic process steps of BMI

EEG recording in children, young people and adults
differs depending on brain, cerebellum, skull, scalp,
head size and subject’s behaviour and ability [21]. Some
changes with age occur in the body and the brain [22,
23]. One of these changes was related with cognitive
performance [24]. Therefore, the age and development
of the person are important in the recording, processing
and application of EEG signals. In the literature

relationship between the age of the user and the
performance obtained from the vehicle, robot or
machine that works with the EEG signals. Furthermore,
BMI is a rapidly growing multidisciplinary (biophysics,
neuroscience, computer science, engineering and
clinical rehabilitation) research and development
technology. In our study, the purpose was to determine
whether the age of the person was important when
controlling a robot/machine by using BMI. The study is
important since it is one of the initial studies in this
field.

MATERIAL and METHOD

In the study, Neurosky mobile brain wave receptor
device, which can measure real time EEG signals in the
brain, was used. This device includes a ThinkGear chip
which constitutes the interface between the user’s brain
and the robot systems. The sensor, which touches the
contact and reference points in the forehead and ear,
processes all the measured data and transfers these data
to the software and applications in digital form.
Processing raw brain waves, the attention and
meditation values, which are cognitive activities, are
calculated in the ThinkGear chip [21]. The technical
specifications of this system are accessible from ref.
[24] and [25]. Subjects who had brain and nerve disease
or underwent any neurological surgery were excluded
from the study. However, maximum attention was paid
to standardizing parameters such as high temperature,
cell phone, chemical exposure, radiation, drugs, and age
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of individuals in the groups. The study was performed
on 45 healthy male subjects, including 15 children (age
range: 7-14), 15 teenagers (age range: 15-24) and 15
adults (age range: 25-60). The mini device that was
designed by using Neurosky Mindwave BMI (Figure 3)
was introduced to the groups, and the instruction on
how to use it was explained.

Figure 3. The vehicle and neurosky‘imobile brain waves
sensor that was used in the study.

Then, in a laboratory medium, the subjects were told to

Data Analysis

For statistical analysis of the research data, the SPSS
(Statistical Package for Social Sciences) was used. To
define whether the data fit the normal distribution, the
Kolmogorov Smirnov test was applied and the normal
distribution of the data was determined. Then, the One-
Way Analysis of Variance (ANOVA) was used to
determine the significant difference between the groups.
A difference at p<0.05 was accepted to be statistically
significant.

RESULT and DISCUSSION

The results of the duration of moving the vehicle by
focusing (mean + standard deviation) and the average
age of the participants are given in Table 1.

As seen in Figure 4, the difference between groups was
significant at a statistical level (p<0.05). The time to
move the vehicle by focusing increased significantly
with age. These results show that young people can be
more successful in a machine/robot control that works
with thought.

BMI, also known as BCI, is a system that enables
people to interact with their environment by using
control signals generated from EEG activity, without
utilizing the muscular and the motor neural systems [27-
29]. EEG is a measurement of electrical stimuli of
neurons. Therefore, it can be used to examine the
cognitive activities of human [20, 30]. In recent years,
EEG waves have been used in a variety of applications
such as remote robot control, wheelchair control and
computer interface control for people with paralysis [15,
31-34].

do linear movements to take the device to the point
determined by using Neurosky Mindwave BMI, and
bring it back. The distance between the subjects and the
vehicle was about 60 cm. They were looking and
focusing at the test vehicle and trying to move the
vehicle with their powers of thought. The stopwatch
was used to calculate vehicle activation times. Each
subject’s focusing and activating time was recorded.
These recorded parameters were analyzed, and the
success rates of the groups were compared with each
other.

Table 1. Summary of age and time to move the vehicle by focusing.

Group 1 (Age 7-14) Group 2 (Age 15-24)

Time to move the

Group 3 (Age 25-60)
Time to move the

Subject Time to move the
Age vehicle by Age vehicle by Age vehicle by
focusing (Second) focusing (Second) focusing (Second)
1 7 1,53 15 5,58 25 9,17
2 8 2,01 16 6,62 25 10,15
3 8 2,88 16 12,14 26 10,75
4 9 2,05 19 6,89 27 11,53
5 9 2,62 20 7,92 29 11,06
6 10 2,91 20 8,25 30 12,81
7 10 2,58 21 8,01 31 5,68
8 10 2,41 21 9,23 32 13,02
9 11 2,68 21 8,52 36 6,28
10 11 2,48 22 6,11 38 8,38
11 11 2,13 22 14,05 39 10,86
12 13 2,68 23 9,59 45 14,56
13 13 4,25 23 9,65 48 16,18
14 14 5,38 24 5,50 52 17,15
15 14 7,29 24 12,36 59 18,83
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Figure 4. The average age of the groups and time to move the
vehicle by focusing. Significant difference was observed
between groups (p <0.05). Values were given as Avg. = SD. *
Show intergroup difference (p <0.05).

In addition, research on BCI technology for therapeutic
applications to cure functions in injury at war, and on
BCI devices in military and improving performance has
been increasing rapidly [10]. Recent developments in
EEG technology and BCI offer commercial BCI headset
equipment ready for use in many new applications with
an acceptable quality-cost ratio. We used BCI headset in
the present research and focuses on the importance of
the age of the user in controlling a robot that works with
brain waves. Especially in unmanned aerial vehicles and
robotic applications working with brain-thinking power,
the efficiency of the device is vital. Therefore, it is
important to understand machine and robots to be used
in unmanned aerial vehicles, electronic devices,
wheelchairs that can be operated more efficiently, and
to determine the age group which may be more
effective.

In this study, it was observed that the time to move the
vehicle by focusing increased with age. And this
increase between groups was statistically significant
(p<0.05). The significant increases in time to move the
vehicle by focusing may be due to the EEG waves and
changes in cognitive functions. Because it is known that
changes occur in brain EEG waves with age [21]. And
also, normal aging is associated with significant changes
in cognitive functions parallel to changes in brain
function. Dias et al. [24] reported that the alpha peak
frequency decreased with age on the left hemisphere,
and was correlated directly to working memory capacity
and attention [35]. Our results are in parallel with Dias
et al. [24] findings. According to our findings, it is
suggested that young pilots should be employed in
operations where unmanned aerial vehicles and robot
are used.

CONCLUSION

In conclusion, the results of our study show that the
time to focus and activate the device increased in
parallel with the age, and hence, children and young
people may be more successful than adults in
controlling or activating an external device through
BMI. According to the present study, the age of the

person is important in the communication system
between the human brain and an output device. The
ages of users should be considered when designing and
manufacturing the BMI. The study is expected to be a
useful resource for researchers in this field.
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ABSTRACT

The aim of this study is to evaluate the performance of NeQuick 2 model during geomagnetic storm process. For
this purpose, vertical total electron content (VTEC) values obtained from NeQuick 2 model and GPS (Global
Positioning System) receiver were compared for five stations selected from 5 different latitude regions during 05-09
September 2017. Comparison was made by correlation, root mean square error (RMSE) and difference taking
methods. The variation of VTEC values obtained by NeQuick 2 and GPS is generally similar, although there are
phase shifts and amplitude differences. The maximum correlation was observed in the equator region on the quiet
days before the storm (September 5-6), but the correlation coefficient decreased as it moved away from the equator.
The maximum correlation coefficient was calculated at the mid-latitude of the southern hemisphere during the
initial, main and return phases of the storm. In addition, the lowest correlation was determined at high latitudes of
the northern hemisphere. At all stations (except NYAL station on 05, 07, 08 / 09/2017), the maximum value of the
calculated difference is smaller than the minimum value. When the GPS VTEC values are higher than the NeQuick
2 model values, the difference is generally low, on the contrary when the NeQuick 2 model values are greater than
the GPS VTEC values, the difference is quite large. This shows that the NeQuick 2 model generally overestimates
the TEC values.

Keywords: Geomagnetic storm, GPS TEC, NeQuick 2 model

Jeomanyetik firtina siiresince NeQuick 2 modelin performansi

(0V4

Bu ¢alismanin amaci, NeQuick 2 modelinin jeomanyetik firtina siirecinde performansini degerlendirmektir. Bu
amagla, NeQuick 2 modelinden ve GPS alicisindan elde edilen dikey toplam elektron igerigi (VTEC) degerleri 05-
09 Eylil 2017 tarihleri arasinda 5 farkli enlem bdlgesinden segilen bes istasyon i¢in karsilastirildi. Karsilastirma
korelasyon, kok ortalama kare hatasi (RMSE) ve fark alma yontemleri ile yapildi. NeQuick 2 ve GPS tarafindan
elde edilen TEC degerlerinin degisimi, faz kaymalar1 ve genlik farklari olmasina ragmen, genellikle benzerdir.
Maksimum korelasyon firtina Oncesi sakin giinlerde ekvator bolgesinde gozlenirken (5-6 Eyliil) ekvatordan
uzaklastikca korelasyon katsayist azalmistir. Maksimum korelasyon katsayist firtinanin baslangig, ana ve doniis
evrelerinde giiney yarimkiirenin orta enleminde hesaplanmigtir. Ek olarak, en diisiik korelasyon kuzey yarimkiirenin
yiiksek enlemlerinde belirlendi. Tiim istasyonlarda (05, 07, 08 / 09/2017 giinlerinde NYAL istasyonu harig)
hesaplanan farkin maksimum degeri minimum degerden daha kiigiiktiir. GPS VTEC degerlerinin NeQuick 2 model
degerlerinden daha yiiksek oldugu durumlarda, fark genellikle diisiiktiir, aksine NeQuick 2 model degerleri GPS
VTEC degerlerinden daha biiyiik oldugunda, fark oldukg¢a biiyiiktiir. Bu durum, NeQuick 2 modelinin genellikle
TEC degerlerini abarttigini gdstermektedir.

Anahtar Kelimeler: GPS-TEC, Jeomanyetik firtina, NeQuick 2 Model

INTRODUCTION

NeQuick is a three-dimensional, time-dependent
ionospheric  electron  density model designed
specifically for trans-ionospheric applications, which
enables the calculation of the electron concentration at
any given location in the ionosphere and the total
electron content (TEC) along the beam path by
numerical integration from any location to the satellite.
The latest version of this model is NeQuick 2 [1].
Modeling and estimation of time and space-dependent
changes in TEC, a critical quantity defining ionosphere

and its variability, is of important for the investigation
of the physical change of the ionosphere and for
applications related to ionosphere [2]. Numerous studies
have been conducted on the determination of
ionospheric parameters using empirical models that can
define the general state of the ionosphere without the
need for real data. Some of these studies include
ionosphere experimental models such as Klobuchar,
NeQuick, Standard Plasmasphere lonosphere Model
(SPIM) and International Reference lonosphere (IRI)
[3]. NeQuick was first developed based on the G, Di
Giovanni and S.M. Radicella (DGR) profiler (proposed
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by [4] and hence the name DGR), and then modified by
[5]. A new version of NeQuick (NeQuick 2) is a
modified subsection introduced by [6], [7] and [8].
NeQuick 2 model is appreciated for its improved
performance in predicting the upper ionosphere, and as
a result in the 2007 and later versions of the IRI model
have been used the NeQuick’s top formulation and
adopted the most mature of the different
recommendations for calculating the upper part of the
IRI electron density profile [9-11]. NeQuick 2 model's
prediction performance has been evaluated by many
researchers in recent years. For example, Okoh et al.
conducted a climatic assessment of the global
navigation satellite system (GNSS) observations of
NeQuick 2 and IRI-Plas models [12]. Ezquer et al. using
vertical total electron content (VTEC) measurements
from GPS satellite signals, analyzed the performances
of NeQuick 2 and IRI Plas models to predict VTEC in
the low latitude and South American sector [13]. As a
result of their analysis, they observed that the NeQuick
2 model over-exaggerated TEC values at low latitude
stations in the equatorial anomaly region. They also
observed that for the region between the northern peak
and the valley of the equatorial anomaly, IRI Plas
performance was generally better than NeQuick 2 at
maximum ionization times. Leong et al. evaluated the
performance of IRI1-2007, IRI-2012 and NeQuick 2 in
the prediction of the ionospheric TEC in Banting [14].

In the studies about the performances of estimating the
ionospheric parameters of the NeQuick 2 model, the
emphasis is on the necessity of developing this model.
In this study, the performances of NeQuick 2 model
predicting VTEC values during severe geomagnetic
storm process were investigated with various statistical
methods. In next part 2 gives detailed information about
the geomagnetic storm studied. Then it was expressed
how the data used in the calculations obtained, and was

O0S5/09/201 7 06/09/2017

O7/09/2017.

discussed the Result and Discussions and Conclusions
sections.

Features Of Severe Geomagnetic Storm On September
7-8, 2017

Figure 1 shows the variation with time of parameters
used to define the storm. These parameters are the
SYM-H, is use to expression “high resolution
DST(Disturbance Strom Time), Proton Flux (PFLX> 10
MeV), Interplanetary Electric Field (IEF Ey), proton
density (Np), proton speed (Vp) and the IMF Bz (z
component of Interplanetary Magnetic Field). Coronal
mass injection released from the sun led to a sudden
storm commencement at 23:45 UT. SSC refers to the
initial phase of the geomagnetic storm. At the same
hour, the SYM-H amplified from 20 nT to 38 nT and
the PFLX> 10 MeV value increased from 55.81 to
121.61 (1/cm?s ster), while no other parameters were
significantly altered. Then, the IMF Bz value rose to
15.31 nT in the north direction, Vp value to 601.5 km/h,
Np value to 12.82 n/cc and IEF Ey value to -8.99 mV/m
after approximately one hour from the SSC. After this
time, the SYM-H, is value began to decrease, and on
08.09.2017 at 1:08 UT, the lowest value was -146 nT.
This value indicates that the main phase of the severe
geomagnetic storm has ended. The change of other
parameters at the same time is as follows: IMF Bz value
increased to about -30 nT, Vp value increased to 750-
800 km/h, IEF increased about 20 mV / m and PFLX>
10 MeV 810 (1/cm?s ster). In the recovery phase of this
first storm, there was another deviation of -17.46 nT in
the south direction in the Bz value at 11:55 UT on
September 08 for about 4 hours. Then, SYM-H and Kp
values reached -115 nT and 8.33 at 13:56 UT,
respectively. Thus, this geomagnetic storm has two
main phases.
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VTEC Data

In the present study, VTEC measurements provided by
GPS receivers in RINEX format were used. VTEC
values for each station (total of five zones, ie 5 stations

Table 1. Information on the stations used in this study

(NYAL (79.83 N, 11.87 E)), MEDI (44.51 N, 1.84 E),
NKLG (0.35 N, 9.87 E), SUTM (32.28 S), 20.81 E) and
SYOG (69.00 S, 39.58 E)) were obtained with both
IONOLAB software and NeQuick 2 model. These
stations and their coordinates are given in Table 1.

No Station’s Geog_ raphic Geographic Magnetic Mag.netic
name latitude longitude latitude longitude
1 NYAL 78.93 11.87 76.41 129.28
2 MEDI 4451 11.64 44,72 94.41
3 NKLG 0.35 9.67 1.74 83.15
4 SUTM -32.38 20.81 -32.65 88.06
5 SYOG -69.00 39.58 -70.57 87.00

Raw data of GPS date are available in Receiver
Independent Exchange Format (RINEX) with a
resolution of 30 s. Raw data was processed via the
software provided by the lonospheric Research
Laboratory (IONOLAB) group to obtain TEC data.
IONOLAB-TEC provides accurate, reliable and robust
GPS-VTEC estimation at high latitude, mid- latitude or
equatorial GPS stations with the same reliability and
accuracy for both quiet and active days
(www.ionolab.org) [16-18]. The current version of
IONOLAB-TEC, which can be wused online or
downloaded as * .exe from www.ionolab.org, can
estimate the GPS-VTEC at the temporal resolution of
any RINEX file. Therefore, if the data in the RINEX file
is 1 s or 30 s, IONOLAB-TEC can produce the same
temporal resolution. Since only the hourly VTEC values
can be obtained by the web version of the NeQuick 2
model, the hourly values of the GPS-VTEC values for
each day are used in the present study.

The NeQuick model includes a program that calculates
electron density from any ground path to GNSS satellite
altitudes of approximately 20200 km and is therefore
convenient to compare with GNSS measurements. The
latest version of the NeQuick model is the NeQuick 2
model, and in this study, the VTEC values were
obtained using the internet interface of this model. The
web address of the NeQuick 2 web model is https://t-
ict4d.ictp.it/nequick2/nequick-2-web-model. When
using this web address to obtain VTEC values, the Solar
Radio Flux (source: NOAA-NGDC) option was selected
from solar activity options. No changes were made to
the other options. Thus, VTEC values for 05-09
September 2017 were calculated hourly, including
07/08 September 2017 geomagnetic storm, the most
severe geomagnetic storm of the 24th Solar cycle [4, 5,
11].

RESULTS and DISCUSSIONS

The variation of the TEC values calculated by the
NeQuick 2 model and measured by GPS for the NYAL
station (78.93 N; 11.87 E) located in the upper latitude
region of the northern hemisphere is shown in Figure 2.
The NeQuick 2 model values exhibit a change that

decreases as expected until sunrise, then the values
reaches the maximum of noon and enters a decline
again. However, there is a significant difference in the
maximum and minimum time and the maximum and
minimum TEC values obtained from the NeQuick 2
model and GPS. It was also observed that the NeQuick
2 model was not able to determine the second maximum
movement of approximately 15:00 UT to 16:00 UT
followed by a reduction of the TEC values following the
first maximum at noon.  The correlation coefficient
between NeQ-TEC and GPS-TEC obtained on
08/09/2017, which includes the main phase of the storm,
is r = 0.44, which is a very low value. The correlation
coefficient is not high on other days. These values are
0.65, 0.72, 0.73 and 0.62 for the days (05, 06, 07 and
09), respectively. These investigations indicate that the
NeQuick 2 model still needs to be developed for the
northern hemisphere high latitudes, especially for the
station under investigation and in geomagnetically
stormy situations.

The variation of the TEC values calculated by the
NeQuick 2model and measured by GPS for the MEDI
(44.51 N; 11.64 E) station in the mid-latitude region of
the northern hemisphere is shown in Figure 3. NeQ-
TEC and GPS-TEC values reached about same
minimum value at approximately the same time on all
days. However, the situation is very different at noon,
when TEC values are maximum. The values of the
NeQ-TEC at noon are quite overestimated on all days,
except on the day of the storm. Although there is a
difference in amplitude at their maximum, the daily
correlation values obtained are high. These values are
0.80, 0.90, 0.89, 0.88 and 0.85 in all days, respectively.
However, it can be said that the NeQuick 2 model has
overestimated TEC values on all days, except for except
the day when the storm begins, namely September 07,
2017.

Figure 4 shows the variation of NeQ-TEC and GPS-
TEC values with time for the NKLG station (0.35 N;
9.67 E) on the equator. The NeQ-TEC values exhibit a
behavior in the form of camel hump at noon only at this
station. It is observed that NeQ-TEC and GPS-TEC
values reach the minimum at the about same time and
with the about same values on all days, except sunrise
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Figure 2. Variation of measured (GPS-TEC) and calculated (NeQ-TEC) TEC values at NYAL station over time.
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Figure 3. Variation of measured (GPS-TEC) and calculated (NeQ-TEC) TEC values at MEDI station over time.

on September 6. Excluding September 08, it said to be  coefficients. These coefficients between GPS-TEC and
greater NeQ-TEC values than the GPS-TEC ones on  NeQ-TEC are 0.96, 0.92, 0.87, 0.90 and 0.94 on
other days. However, both TEC changes are very  September 05-09, respectively.

similar. This is also seen with high correlation
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Figure 4. Variation of measured (GPS-TEC) and calculated (NeQ-TEC) values at NKLG station over time.

The variation of TEC values calculated by the NeQuick
2 model and measured by GPS for the SUTM station in
the southern latitude region of the southern hemisphere
is shown in Figure 5. The variation of NeQ-TEC and
GPS-TEC values over time is very similar. The time
periods when the TEC values are minimum are very
close to each other. Similar situation is not the case on
other days, except the main phase of the September 08
storm. The maximum value of NeQ-TEC is greater than

the maximum value of GPS-TEC on other days. The
correlation coefficient between NeQ-TEC and GPS-
TEC is quite high. These coefficients are 0.94, 0.89,
0.91, 0.95 and 0.98 for September 05, 06, 07, 08 and 09
respectively. The coefficients indicate that the NeQuick
model is highly compatible with GPS-TEC, except at
noon maxima, especially in the mid-latitude region of
the southern hemisphere.
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Figure 5. Variation of measured (GPS-TEC) and calculated (NeQ-TEC) values at SUTM station over time.
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Figure 6 shows the variation of NeQ-TEC and GPS-
TEC values over time for the SYOG station at high
latitudes in the southern hemisphere. NeQ-TEC values
show a normal daily distribution. However, GPS-TEC
values show quite different distributions than normal
distribution during the day, especially during sunrise
hours. It is seen that the NeQ-TEC and GPS-TEC values
are quite different, especially when they take the daily

maximum and minimum values of TEC. It was
observed that TEC changes at sunrise could not be
determined adequately in the upper latitudes of southern
hemisphere for this time period. However, it can be said
that NeQ-TEC and GPS-TEC value changes outside this
time period are similar. The correlation coefficients
between NeQ-TEC and GPS-TEC values for the studied
days were 0.84, 0.95, 0.84, 0.83 and 0.89, respectively.
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Figure 6. Variation of measured (GPS-TEC) and calculated (NeQ-TEC) TEC values at SYOG station over time.

Table 2. The values of RMSE, R, Maximum (Max) and Minimum (Min) deviation during this geomagnetic storm.
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For comparison and more quantitative interpretation of
the results obtained, the results of some statistical
procedures including the maximum and minimum
deviation and root mean square error (RMSE) test
according to the differences between GPS-TEC and
NeQuick 2 model were presented in Table 2. As seen on
the table, the NeQuick 2 model overestimated the TEC
values at all stations and all days, except for 8 Sept. in
NYAL station. The reason is that the min values are
generally larger than the max values as can be seen from
the table. Here, it can be said that when the deviation
(GPStec-MODELtec) is  positive, the  model
underestimates the TEC values, and when the deviation
is negative, the model overestimates the TEC values.
The greatest deviation between the difference values
was observed at the NKLG station for all days.
However, in the same station, the excessive
exaggeration of the NeQuick 2 model decreased on
storm day (8 Sept.) compared to other days. The high
deviation of this station in the equatorial region may be
related to the anomalies occurring in this region which
are still not fully understood. The station where the
NeQuick 2 model underestimates the VTEC values is
again the NKLG station. The maximum deviation was
achieved at this station with 12.61 TECU on the day of
the storm. On the other hand, the maximum deviation
values at the same station are very small. Changes in
both maximum and minimum deviation on the day of
the storm lead us to the conclusion that the NeQuick 2
can detect ionospheric changes during the storm. When
a change similar to NKLG for the other station was
examined, it was observed that there was a similar
behavior only at the STUM station. So, on 8 Sept. the
Max values at the STUM station increase while min.
values decrease. Moreover, the prediction performance
of the model decreases as min value moves away from
zero. It can be said that the model makes the best
predictions for all days at the NYAL station. It is seen
that NeQuick 2 model made the worst estimations again
at the NKLG station. However, at the NKLG and
STUM stations, the similar changes observed in the max
and min differences were also observed in the RMSE
values. It is seen that the RMSE values are decreased in
both NKLG and STUM stations on storm day compared
to other days, that is, the predictive performance of the
model has increased on the storm day. The greatest
deviation between the difference values was observed at
the NKLG station for all days. However, in the same
station, the overestimation of the NeQuick 2 model
decreased on storm day (8 Sept.) compared to other
days. The high deviation at this station located in the
equatorial region may be related to the equatorial
anomalies occurring in this region, which are still not
fully understood. The station where the NeQuick 2
model underestimates the TEC values is again the
NKLG station. The maximum deviation was achieved at
this station with 12.61 TECU on the day of the storm.
On the other hand, the maximum deviation values at the
same station are very small.

Moreover, since the predictive performance of the
model decreases as this value moves away from zero,
according to the RMSE values, it can be said that the
model makes the best predictions on all days of NYAL
station. It is seen that this model made the worst
estimates again at the NKLG station. However, at the
NKLG and STUM stations, the changes observed in the
max and min differences were also observed in the
RMSE values. It is seen that the RMSE values are
decreased in both NKLG and STUM stations on storm
day compared to other days, that is, the predictive
performance of the model has increased.

CONCLUSIONS

In this study, TEC values calculated by NeQuick model
and measured by GPS for 5 different stations and 5
different latitude regions were studied for days of the
pre- and post-severe storm time of 07-08 / 09/2017. The
results obtained are listed below.

» The Performance of the NeQuick 2 model in the
northern hemisphere is low. The reason for this may be
that it is not found in the NeQ-TEC model the “camel
hump” behavior at noon in the northern hemisphere
TEC values.

* The performance of the NeQuick 2 model decreases as
you move from the equator to the poles.

» The NeQuick model only models the “camel hump”
behavior that occurs at noon in the equator. However,
this behavior should be in the northern hemisphere.

+ It can be said that the NeQuick 2 model is very
successful in calculating the minimum value of TEC
during the day except for the southern hemisphere upper
latitudes.

* The NeQuick model generally exaggerated its
maximum TEC values at noon. This exaggeration is
approximately the effect of the main phase of the
geomagnetic storm for the SUTM station.

In addition, the NeQuick 2 model is a very important
model for space weather where few measurements can
be made. The ways to reduce the difference between
NeQ-TEC and GPS-TEC values can be found by
monitoring past geomagnetic storm processes with the
help of machine learning and artificial intelligence
programs.

REFERENCES

[1] Nava B., Coisson P., Radicella S. A new version
of the NeQuick ionosphere electron density model,
Journal of Atmospheric and Solar-Terrestrial
Physics. 70(15) 1856-1862, 2008.

[2] Li S., Xu J, Zhou H., Zhang J., Xu Z., Xie M.
Global TEC prediction performance assessment of
IRI-2016 model based on EOF decomposition,
Annals Geophysicae Discussions. 1-17, 2019.

[3] Bilitza D. International reference ionosphere 2000.
Radio Science, 36(2) 261-275, 2001.

[4] Di Giovanni G., Radicella S. An analytical model
of the electron density profile in the ionosphere,
Advances in Space Research. 10(1)1 27-30, 1990.

695



[5] Radicella S.M., Zhang M.L. The improved DGR estimation of GPS-TEC: IONOLAB-TEC, Space
analytical model of electron density height profile Weather. 11(5) 297-305, 2013.
and total electron content in the ionosphere,
Annals of Geophysics. 38 35-41, 1995.

[6] Leitinger R., Zhang M.L, Radicella S.M. An
improved bottomside for the ionospheric electron
density model NeQuick, Annals of Geophysics.
48(3) 525-534, 2005.

[7] Coisson P., Radicella S., Leitinger R., Nava B.
Topside electron density in IRl and NeQuick:
Features and limitations, Advances in Space
Research. 37(5) 937-942, 2006.

[8] Radicella S.M. The NeQuick model genesis, uses
and evolution, Annals of Geophysics. 52(3-4) 417-
422, 20009.

[9] Bilitza D., Reinisch B.W. International reference
ionosphere  2007: Improvements and new
parameters, Advances in Space Research. 42(4)
599-609, 2008.

[10] Okoh D., Eze A., Adedoja O., Okere B., Okeke P.
A comparison of IRI-TEC predictions with GPS-
TEC measurements over Nsukka, Nigeria, Space
Weather. 10(10) S10002, 2012.

[11] Coisson P., Nava B., Radicella S., Oladipo O.A.,
Adeniyi  J.0., Krishna S.G.,, Rama P.V.S,
Ravindran S. NeQuick bottomside analysis at low
latitudes, Journal of Atmospheric and Solar-
Terrestrial Physics. 70(15) 1911-1918, 2008.

[12] Okoh D., Onwuneme S., Seemala G., Jin S., Rabiu
B., Nava B., Uwamahoro J. Assessment of the
NeQuick-2 and IRI-Plas 2017 models using global
and long-term GNSS measurements, Journal of
Atmospheric and Solar-Terrestrial Physics. 170 1-
10, 2018.

[13] Ezquer R.G., Scida L.A., Orué Y.M., Nava B,
Cabrera M.A., Brunini C. NeQuick 2 and IRI Plas
VTEC predictions for low latitude and South
American sector, Advances in Space Research.
61(7) 1803-1818, 2018.

[14] Leong S., Musa T., Omar K., Subari M., Pathy N.,
Asillam M. Assessment of ionosphere models at
Banting: Performance of IRI-2007, IRI-2012 and
NeQuick 2 models during the ascending phase of
Solar Cycle 24, Advances in Space Research.
55(8) 1928-1940, 2015.

[15] Atict R., Sagir S. Global investigation of the
ionospheric irregularities during the severe
geomagnetic storm on September 7-8, 2017,
Geodesy and Geodynamics. Available online 28
June 2019.

[16] Arikan F., Nayir H., Sezen U., Arikan O.
Estimation of single station interfrequency receiver
bias using GPS-TEC, Radio Science. 43(4)
RS4004, 2008.

[17] Nayir H., Arikan F., Arikan O., Erol C. Total
electron content estimation with Reg-Est, Journal
of Geophysical Research: Space Physics. 112 Al1,
2007.

[18] Sezen U., Arikan F., Arikan O., Ugurlu O,
Sadeghimorad A. Online, automatic, near-real time

696



Obezitenin Tedavisinde Ge¢mis ve Giincel Bariatrik Cerrahi Uygulamalar

Seyda GUNGORY#* )
'Beslenme ve Diyetetik Béliimii, Saglik Bilimleri Fakiiltesi, Mus Alparslan Universitesi, Mus, Tiirkiye

>4 s.gungor@alparslan.edu.tr “=* 0000-0003-0333-8966
Received (Gelis): 16.10.2019 Revision (Diizeltme):05.12.2019 Accepted (Kabul): 10.12.2019

oz

Obezite; cagimizin goriilme sikligi hizla artmakta olan kronik ve kompleks bir hastaligidir. Obezitenin kanser,
metabolik sendrom, tip 2 diyabet gibi bazi hastaliklarin yaninda kardiyovaskiiler, renal ve muskuloskeletal sistem
bozukluklariin, psikolojik rahatsizliklarin ve diger birgok islevsel bozuklugun artisinda etkisinin oldugu giiniimiiz
literatiiriince kabul edilmistir. Obezitenin tedavisinde diizenli fiziksel aktivite esliginde saglikli diyet
uygulamalarinin veya medikal tedavilerin sonu¢ vermedigi durumlarda; donanimli merkezlerde deneyimli ekipler
tarafindan bariatrik cerrahi uygulamalar1 gerceklestirilmektedir. Siirecin basarili gegmesi hastaya en uygun bariatrik
cerrahi uygulamasina karar verilmesi ve siire¢ boyunca siirekli beslenme ve metabolik takip ile miimkiindiir. Her bir
uygulamanin ise avantajlar1 ve dezavantajlari mevcuttur. Bu derlemede bariatrik cerrahinin eski ve yeni

uygulamalar1 hakkindaki genel bilgiler bir araya getirilmistir.
Anahtar Kelimeler: Bariatrik cerrahi, Morbid obezite, Tedavi Yontemleri

Past and Current Methods of Bariatric Surgery in the Treatment of Obesity

ABSTRACT

Obesity is a chronic and complex disease which is increasing rapidly in recent years. It has been accepted in the
current literature that obesity has an effect on the increase of cardiovascular, renal, musculoskeletal system and
psychological disorders and many other functional disorders besides some diseases such as cancer, metabolic
syndrome, type 2 diabetes. In cases of regular physical activity with healthy diets or pharmacological treatment are
not effective in the treatment of obesity, bariatric surgery is performed by experienced teams in well-equipped
centers. The success of the process is possible by deciding the most appropriate bariatric surgery for the patient and
the nutritional and metabolic monitoring throughout the process. Each application has advantages and
disadvantages. In this review, general information about past and current methods of bariatric surgery were
collected.

Keywords: Bariatric surgery, Morbid obesity, Treatment methods

GIRIS agirliginin, metre Cinsinden boy uzunlugunun
karesine boliinmesiyle elde edilir [2]. Diinya Saglik
Orgiiti  (DSO) verilerine gore gore obezite
siniflandirmasi Tablo 1’°de verilmistir.

Obezite ¢cagimizin prevelans: gittikce artmakta olan
kronik ve oldukga kompleks bir hastaligidir [1].
Zamanla bir¢ok komorbiditenin eslik ettigi obezite
tedavisinde fiziksel aktivite, diyet ve medikal Tablo 1. BKi’ye Gére Obezite Simiflandirmast [2].
tedavinin sonu¢ vermedigi durumlarda bariatrik

i 2

cerrahi tedavisi basarili sonuglar verebilmektedir [2]. S?mﬂar.ldlrma BKI (kg/m-)
; SRR .. Siddetli Zayif <16.00
Ilk ortaya c¢iktig1 glinden bu giine kadar kullanilan, Orta Zavif 16.00-16.99
degisen veya gelistirilen tiim bariatrik cerrahi Hafif Zzylf 17.00-18.49
uygulamalar1  kendi  icerisinde  avantaj ve Zayif (Underweight) < 1850
dezavantajlar barindirmaktadir. Normal (Normal Range) _ 18.50-24.99
Obezite Tanim Ve Tam Kriterleri Kilolu (Overweight) 225.00

Pre-Obez 25.00-29.99
Obezite; viicutta anormal ve asir1 yag birikimi olarak Obez (Obese)  >30.00
tanimlanir ve temelde kalori alimi ile yakimi 1. Smif Obez 30.00-34.99
arasindaki dengesizlikten kaynaklamr [1]. 2. Smif Obez 35.00-39.99
Yetigkinlerde obeziteyi siniflandirabilmek ve viicut 3. Smif Obez (Morbid) >40.00
metrekaresi basina diisen agirhigi ifade etmek icin BKI yas ve cinsiyetten bagimsiz oldugu ve viicut yag
Beden Kitle Indeksi (BKI/ BMI- Body Mass Index) dagilimi hakkinda bilgi vermedigi i¢in obezite tanist
kullanilmaktadir. Bu deger kilogram cinsinden viicut koymada ve obezitenin tipini belirlemede;
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bel ¢evresi, kalga ¢evresi, bel/kalga orani, deri
kivrim  kalinliklari, st orta kol ¢evresi gibi
antropometrik Olgiimlere ihtiya¢ duyulabilmektedir
[3-5]. Saglikli yetiskin bir erkegin viicut yag
yilizdesinin  %8-15, kadinin %15-22 aralifinda
olmasi beklenir [4]. Bel ¢evresinin kadinlarda 80
cm’nin, erkeklerde 94 cm’nin iizerinde olmasi risk
durumu; kadinlarda 88 cm’nin, erkeklerde 102
cm’nin iizerinde olmasi yiiksek risk durumu olarak
degerlendirilir [6].

DSO; 2016 yilinda diinya genelinde 18 yas iistii
bireylerin  %39’unun fazla kilolu; erkeklerin
%11’inin, kadinlarin ise %]15’inin obez oldugunu
bildirmistir. Bu verilere gore 2016 yilinda diinya
¢apinda 2 milyardan fazla yetiskin fazla kilolu,
yarim milyardan fazla yetigkin obez oldugu
bilinmektedir [8]. Tiirkiye Istatistik Kurumu
(TUIK) 2017 verilerine gore ise; 2016 yilinda
Tirkiye’de 15 yas ve iizeri obez bireylerin orani
%19.6’dir [7].

Obezite nedenleri g¢evresel ve genetik faktorler

olarak ikiye ayrilabilir. Sosyoekonomik-
sosyokiiltirel diizey disikligi, aile yasantisi,
cinsiyet, yas, sigara kullanimi,  endokrin

bozukluklar, ilaglar ve en Onemlisi hareketsiz
yasamin benimsenmesi ve sagliksiz beslenme
obezitenin baglica ¢evresel sebepleri arasinda
gosterilebilir [5, 9]. Bunun yami sira kalittmin da
obezite lizerinde %30-70 aralifinda bir etkisinin
oldugu tahmin edilmektedir [4, 10]. Nitekim evlat
edinilen ¢ocuklar iizerinde yapilan bir c¢aligmada
[11] gocuklarin viicut kompozisyonlarinin biyolojik
anne babalariyla daha benzer oldugu belirtilmistir.
Fakat gen defektleri ve kalitmin bu olumsuz
etkisinden, diizenli fiziksel aktivite ve saglikli
beslenme yoluyla kaginmak miimkiindiir [12].
Obezitenin bir¢ok kardiyovaskiiler rahatsizligi, kas
iskelet sistemi rahatsizliklarini, renal bozukluklari,
tip 2 diyabet, metabolik sendrom gibi hastaliklar1 ve
psikososyal durum bozukluklarint beraberinde
getirme riskinin yiiksek oldugu bilinmektedir [13-
17]

Obezitenin Tedavisi

Obezitenin tedavisi diyet-fiziksel aktivite, medikal
tedavi ve cerrahi tedavi olmak {izere Dbirkag
asamaya ayrilabilir. Fiziksel aktivite esliginde diyet
tedavisinin veya medikal tedavinin sonug vermedigi
obezite durumlarinda bariatrik cerrahiye
bagvurulmaktadir [1, 5, 17-20].

Morbid obezite cerrahisinde Kklasik tedavi ile
bariatrik cerrahi tedavisini kargilagtiran ilk ve en
kapsamli calisma olan Isve¢ Obezite Calismasi
(The Swedish Obese Subject Study/SOS) [21]
sonuglarmma goére (n=4000); bariatrik cerrahi
hastalarinda ilk iki yillik kilo kayb1 15-28 kg iken,
klasik tedavi uygulanan hastalarda 0.5-8.9 kg’dir.
Sekiz yil sonunda bariatrik cerrahi hastalarinin 16-
20 kg kaybettigi, kontrol grubunun ise 0.7-12 kg
kazandig1 bildirilmistir. Iki yi1l sonunda diyabet
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insidanslarinin;  bariatrik  cerrahi  hastalarinda,
kontrol grubuna gore 32 kat azaldigi, sekiz yil
sonunda ise bu oranin kontrol grubuna gore hala 5
kat az oldugu ifade edilmistir. Benzer sekilde iki yil
sonunda bariatrik cerrahi grubunun hipertansiyon
insidansinin kontrol grubundan 2.6 kat az oldugu;
sekiz yilin sonunda iki grubun insidans oraninin
neredeyse esitlendigi saptanmigtir. Bu caligmada
bariatrik cerrahinin morbid obezlerde mortaliteyi
azalttigi  bildirilmistir.  Ayni  kargilastirmanin
yapildigr bagka bir ¢alismaya [22] goére bariatrik
cerrahi gegiren hastalar kontrol grubuna gore
ortalama 26 kg daha  fazla  agirlik
kaybetmektedirler. Buna ek olarak bariatrik cerrahi
grubunun diyabet remisyon oraninin daha fazla
oldugu, yasam kalitesinde diger gruba gore artis
saglandig1 ve ila¢ kullaniminda diger gruba gore
azalma  gerceklestigi  bildirilmistir. ~ Obezite
cerrahisinin  giivenilirligini  konu alan  bir
derlemede; bariatrik cerrahinin 46 kg {izerinde
viicut agirligit kaybi oldugu, diyabet remisyon
oraninin %80 ve diger komorbiditelerin remisyon
oranlarmin da kayda deger oldugu bildirilmistir
[23].

Bariatrik cerrahinin mikrobiyota iizerine etkilerinin
aragtirildigi ~ bir  derlemede; cerrahi  sonrasi
bagirsaklarda kisa zincirli yag asidi emilimine ve
iretimine yardimci olan Firmicutes bakterilerinde
azalma oldugu ve birgok patojen bakterileri
kapsayan Proteobacteria filumunda belirgin artis
oldugu belirtilmistir [24]. Bir baska c¢alisma
Laparoskopik Sleeve Gastrektomi uygulanan 72
hastanin 2’sinde periferik noropati gelistigini ve
bunun 6nlenmesi igin postoperatif donemde serum
parametrelerinin ~ yakindan ~ takip  edilmesi
gerektigini vurgulamigtir [25].

Obezitenin Cerrahi Tedavisi

3

Bariatri kelimesi Yunanca’da kiloyu ifade eden ‘-
bar’ kelimesi ve tedaviyi ifade eden ‘-iatria’
kelimelerinin birlesmesiyle olusmus ve dilimize
gecmistir  [70]. Bariatrik cerrahi ilk olarak
1950’lerde  Dr. Richard Varco tarafindan
uygulanmistir. Muhtemelen kilo kayb1 amaglanarak
Jejunoileal Bypass (JIB) seklinde uygulanan bu
islemin 1954°te Kremen ve Linner tarafindan rapor
olarak yaymlandigi belirtilmektedir [26, 27]. Son
15-20 yilda laparoskopi Ve endoskopi gibi
tekniklerin gelistirilmesi ile ameliyatlar daha da
cesitlenmigtir [28, 29].

Bariatrik cerrahi yontemleri; besin dgelerinin
emilimini engelleyici malabsorbtif yontemler ve
besin alimini kisitlayicr restriktif yontemler olmak
iizere ikiye ayrilir. Ayrica hem emilimi engelleyen
hem de besin alimin1 kisitlayan kombine yontemler
de vardir [18, 19, 30]. Restriktif yontemler;
Intragastrik Balon, Gastrik Pacing, Vertikal Band
Gastroplasti (VBG), Laparoskopik Ayarlanabilir
Gastrik Band (LAGB), Laparoskopik Sleeve
Gastrektomi’dir (LSG) (Tip Mide). Malabsorbtif



yontemler; Biliopankreatik Diversiyon (BPD),

Jejunoileal Bypass (JIB) iken kombine yontemler;

Biliopankreatik  Diversiyon-Duedonal ~ Switch

(BPD-DS), Roux en Y Gastrik Bypass (RYGB) ve

Mini Gastrik Bypass’dir (MGB) [19, 30-33].

Bariatrik cerrahi i¢in hasta se¢iminde genel olarak

National Institutes of Health’in (NIH) 1991

prensipleri [34] esas kabul edilmekte ve bu temel

tizerinden giincellenmektedir.

Bariatrik cerrahi endikasyonlari;

e BKi> 40 kg/m? olmasi ya da BKi> 35 kg/m?
beraberinde; tip 2 diyabet, hipertansiyon, uyku
apnesi, hiperlipidemi, refli gibi komorbidite
hastaliklarin bulunmasi,

e Cerrahi tedavilerden 6nce uygulanan medikal
tedavilerde basarisiz olunmasi,

e Psikolojik durumun stabil olmasi,

e Aile ve ¢evre desteginin yerinde olmasi,

e Alkol ve madde bagimliliginin olmamasi,

e Hastanin yapilacak uygulama hakkinda tam
bilgi sahibi olmast;

seklinde siralanabilir [33].

Bariatrik cerrahinin kontrendikasyonlart ise;

e 18 yasindan kiigiik 65 yasindan biiyiik olmak,

e Anestezi veya ameliyati engelleyen ciddi bir
rahatsizlik varligi,

e Tedavi edilemeyen endokrinolojik hastalik
varlig1 (Cushing sendromu, Hipotiroidizm vb.),

e Normal olmayan kan basinci durumu veya ciddi
kardiyovaskiiler rahatsizlik varligi,

e Kontrol dis1 bulimia nevroza veya diger yeme
bozukluklarinin varligi,

e Gebelik,

e Hastalarin prosediirii anlamasimi engelleyecek
derecede zihinsel yetersizlik,

e Hastalanin ameliyat sonrasinda yasam bigimini

degistirmedeki isteksizligi,

Psikolojik dengesizlik,

Hastanin ameliyat1 ‘sihirli degnek’ gibi gormesi,

Hastay1 desteklemeyen ev halki veya aile,

e Uyumsuz davraniglar;

seklinde siralanabilir [76, 77]. Bunlarin yani sira

basgka bir kaynakta obezite cerrahisinin 18 yas alt1

ve 60 yas ustii hastalarda, cerrah inisiyatifiyle
donanimli merkezlerde kontrolli sekilde

gerceklestirilebilecegi bildirilmistir [75].

Restriktif Yontemler
Intragastrik Balon

Intragastrik balon ilk olarak 1980’lerde tamitilmus,
kullanilan kateterlerin keskin koseler barindirmast,
zor yerlestirilmesi ve hastalar1 rahatsiz etmesi

dezavantajlar1  nedeniyle basarisiz  olmustur.
Ardindan  gelisen  teknoloji  ile  degisen
materyallerle,  gelistirilen  laparoskopik  ve

endoskopik yerlestirme teknikleriyle zorluklar
biiyilk oranda asilmigtir [27]. Yontem, erken
doymay1 indiiklemek ve fazla besin alimim
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engellemek amaciyla radyoopak silikon elastik bir
balonun dogrudan goriis altinda endoskopik veya
laparoskopik tekniklerle mideye yerlestirilmesi ve
metilen mavisi ile renklendirilmis izotonik NaCl ile
sisirilmesi seklinde uygulanir. Tam dolu mide
hissinin olusmasi, oreksijenik hormon saliniminda
azalma ve istah baskilanmasi ile sonuglanir. Bu
durumun besin alimini azaltmas beklenir. Goriilen
en biiyiik komplikasyon balonun yirtilmasina bagh
gastrointestinal obstritksiyon ve olimdiir [35].
Diger yontemlere gore en az invaziv olan
yontemdir. Tek bagina tercih edilen bir uygulama
olmakla  birlikte;  genellikle  diger cerrahi
yontemlerin kullanilacagi hastalarda asir1 kilodan
kaynaklanan komplikasyonlarin éniine gegmek igin,
yardimct bir 6n yontem olarak tercih edilir. En fazla
6 aylik siire sonrasinda balon yine endoskopi
yardimu ile kontrollii bir sekilde ¢ikartilir [14, 36].

Gastrik Pacing (Gastrik Stimiilasyon)

Bu yontemde mideye ekseni boyunca (veya
midenin bir kismina) elektrot takimlar1 implante
edilir ve yapay elektriksel dalgalar gonderilir.
Mideye gonderilen diizenli elektriksel dalgalarin
olusturdugu kasilmalarla gastrik motor fonksiyon
bozuklugu yaratilarak tokluk hissinin olusturulmasi
ve gida alimmin azaltilmasi hedeflenir [37]. Gastrik
pacing alanindaki ilk insan deneyleri 1990’larda
baglamigtir.  Cigaina  (2002) gastrik pacing
uygulamasindaki ilk insan deneylerini 1998 ve
2000 yillarinda 10 hastadan olusan gruplara
uygulanmis, hastalarin  daha az  yiyecekle
doyduklarim1  bildirdiklerini, implante edilebilir
gastrik pacing uygulamasinin giivenli bir prosediir
oldugunu, morbid obez bireylerde yeme
aligkanliklarini diizelttigini bildirmigtir [38]. Onbir
morbid obez hasta iizerinde yapilan bir baska
calismada (2003) ise, hastalarin serum leptin,
somatostatin, glukagon benzeri peptin-1 (GLP-1) ve
kolesistokinin ~ seviyelerinin  gastrik  pacing
uygulamasindan onceki diizeylere gore anlamli
sekilde azaldigr bildirilmigtir.  Yazarlar bu
calismalarinda GLP-1 seviyelerindeki azalmanin
beklenmedigini, leptin seviyelerindeki azalmanin
ise muhtemelen azalmig yag doku kiitlesinden
kaynaklandigini belirtmiglerdir [39]. Gastrik pacing
uygulamasinin kisa dénemde kilo kayb1 saglanmak
istenen hastalara oOnerildigi goriilmektedir. LAGB
veya VBG gibi diger kisitlayic1 yontemlere kiyasla;
refliiye yol agmamasi bir avantajdir. Ayrica diger
uygulamalara gore daha az komplikasyon ve risk
barindirir. Fakat bu uygulamanmn mekanizmasi
hakkinda ¢ok az sey bilinmektedir. Bu uygulamanin
uzun doénem  sonuglarimi  gdrebilmek, etki
mekanizmasini  anlayabilmek adma daha g¢ok
caligmaya ihtiyag vardir [39-42].

Vertikal Band Gatroplasti (VBG)

Bu yontemin ilk sonuglart Mason tarafindan 1982
yilinda yaymlanmstir [71]. Bu cerrahi tedavide;


https://www.nih.gov/
https://www.nih.gov/
https://www.nih.gov/
https://www.nih.gov/

gastrik fundustan baglanarak dikey bir sekilde
stapler hattryla, 30 ml’den daha az bir hacimde
mide posu olusturulur. Yontemde gastroozefageal
bileskenin 5 cm distalinden ve kiiciik kurvatiir
yanindan mide duvar1 6n ve arkadan delinir.
Ardindan stapler hattinin sonundan yuvarlak agiklik
olusturularak siiture edilir. Son olarak bandin
cikisina kiiciik kurvatiirdeki gegisi ¢evreleyen 1.5
cm genigligindeki poliprolen mesh (yama)
konularak siiture edilir [43]. Bu islem; agzin
geniglemesini engellemek i¢in yapilir [36]. Mason
bu operasyonda, pos dilatasyonunu engellemek
adina stapler hat baslangicinin gastrik fundusta
olmas1 gerektigini vurgulamistir. Bu uygulamada
anastomoz kacgagi riski azdir ve herhangi bir bypass
islemi icermez. VBG giinlimiizde artik sik
kullanilan bir yontem degildir [36- 44].

Laparosopik Ayarlanabilir Gastrik Band (LAGB)

Gastrik band ilk olarak 1980’lerde tanitilmaya
baslanirken, 1986 yilinda Kuzmak [72] deri alt1 bir
porta bagl siv1 giris ¢ikisi ile ayarlanabilen silastik
gastrik bandi tanitmigtir ve 20. yiizy1l’in sonlarina
dogru laparoskopik ayarlanabilir gastrik band
geligtirilmigtir [27]. Bu yontemde silikon bir band
gastroozefageal  bileskenin = 2-3  cm  altina
yerlestirilerek  15-30 ml’lik bir mide posu
olusturulmaktadir [31, 49]. Posun alt kismu ile altta
kalan midenin ist kismi siitiire edilir. Bandin
devami cilt altina yerlestirilir ve uygun
goriildiigiinde steril serum fizyolojik enjektesiyle
bant sikilip gevsetilebilir [46]. Erken tokluk hissi
yaratilarak besin alimi  kisitlanmaktadir  [47].
LAGB; mide ve  bagirsak  rezeksiyonu
gerektirmeyen, diger uygulamalara kiyasla daha
kolay uygulanan bir yOntemdir. Ayrica
malniitrisyon riski diisliktiir. Tim bunlara karsin
bant kaymasi, bant agilmasi, bant perforasyonu
veya penetrasyonu, gastrodzefageal reflii, port
enfeksiyonu, pos dilatasyonu, obstriiksiyon gibi
komplikasyonlar tasimaktadir. Ayrica ilk kilo kayb1
diger operasyonlara gore daha yavastir [48, 49].
LAGB uygulamasinin sematik bir gosterimi Sekil
1’de verilmistir.

Sekil 1. LAGB Uygulamasimin Sematik Bir
Gosterimi [76].
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LAGB uygulanan 94 hastanin sonuglarinin
incelendigi bir ¢alismada [45] 4 hastanin bandinda
(bir hastada 3. ayda, iki hastada 6. ayda ve bir
hastada 12. ayda) acilma oldugu ve bandi acilan
hastalarin kilo kaybmin durup kilo aliminin tekrar
basladig bildirilmistir.

Tiirkiye Endokrinoloji ve Metabolizma Dernegi‘nin
(TEMD) 2018 Bariyatrik Cerrahi Kilavuzu’na gore
LAGB uygulamasindan sonra fazla kilo kayip orani
%43-45, tip 2 diyabet remisyon oram ise %48-59
araliginda; ayn1 dernegin 2019 yili kilavuzuna gore
ise bu oranlar sirayla %43-45 ve %48-59 olarak
verilmistir [31, 62]. Banl ve arkadaslarimin (2009)
LAGB iizerine yaptiklari ¢alismada (n=100);
hastalarin 6. 12. 18. ayda fazla kilo kayip oraninin
strastyla %25.8, %46.3, %66 oldugu bildirilmistir
[50].

Laparoskopik Sleeve Gastrektomi (LSG)

Daha onceleri BPD-DS ameliyatinin ilk asamasi
olarak kullanilan fakat giiniimiizde tek basina
kullanilmaya baglanmig bu yontemde mide
antrumundan baslanip proksimal his agisinda sona
eren stapler hattt ile midenin yaklasik %80-85’1
rezeke edilir [25, 47, 51]. Mide hacmi ortalama 100
ml’ye indirilir [46]. Geride gastrik fundus
birakmamak ve mide antrumunun  genis
birakilmamasi gerekir. Midenin yeni goriiniimiine
tip sekli verildigi i¢in tiip mide ameliyati olarak da
isimlendirilmektedir [36]. Ciddi kilo kaybi, pilor
sfinkterin biitiinliigiiniin bozulmamasi, ameliyat
tekniginin cerrah agisindan kolay olmasi ve besin
emilimini  etkilememesi =~ LSG’nin  avantajli
yonleridir [25, 47]. Pilor sfinkteri zarar gérmedigi
icin dumping sendromu olusmaz. Bunun yani sira
oreksijenik bir hormon olan aglik hormonu olarak
da bilinen ghrelin, gastrik fundustan bir miktar
salgilandigi i¢in ameliyat sonrasinda ghrelin
diizeyleri, dolayisiyla istah ve besin alimi
azalmaktadir [48, 55]. Buzga ve arkadaglarinin [52]
LSG uygulanan hastalarin ameliyat sonrast serum
leptin ve ghrelin diizeylerini arastirdiklar1 caligmada
(n=37) postoperatif donemde aglik kan glikozunun,
leptin ve ghrelin diizeylerinin anlamli sekilde
azaldigi, buna karsin adiponektin diizeyinin ise
artt1g1 bildirilmistir. LAGB ve LSG sonrasi plazma
ghrelin seviyelerinin karsilastirildigt (n=20) bir
calismada ise [53] postoperatif 6 aylik stiregte LSG
hastalarinin plazma ghrelin diizeylerinin diigiik ve
stabil  bulundugu, LAGB hastalarinin ise
postoperatif 1. giinde plazma ghrelin diizeylerinde
preoperatif diizeylere gore degisiklik goriilmezken
6 aylik siirecte arttigi saptanmistir. Dogan ve
arkadaglarmin ~ [54] 36  hasta  lizerinde
gerceklestirdigi bir caligmada LSG’nin
Helicobacter Pylori enfeksiyonunun tedavisinde
efektif sonuglar yarattigi bildirilmistir. Ameliyat
sonrasi donemde mide tiipliniin genislemesi
karsilagilan bir durum oldugundan yeniden LSG
veya LSG sonrasi gastrik bypass ya da BPD-DS



gibi redo cerrahi yapilma riski ve anastomoz kagagi
riski vardir [33]. LSG sonrasi hastalarin niitrisyonel
durumlarmin  dikkatli incelenmedigi vakalarda
makro ve mikro besin 6gesi eksikliklerine bagh
olarak optik ve periferik ndropati gelisme olasilig1
da vardir [25]. Brethauer ve arkadaslarinin [56] 24
calismay1 irdeledikleri sistemik derlemede; LGS
uygulanan hastalarda (n=1662) ortalama fazla kilo
kaylp oraninin %55,4 oldugu ve tip 2 diyabet
remisyon  oraninin  (n=754) %70  oldugu
bildirilmistir. TEMD 2019 Bariyatrik Cerrahi
Kilavuzu’nda ise fazla kilo kayip oranimin %55-70
arasinda, tip 2 diyabet remisyon oraninin ise %66-
81 arasinda  oldugu  bildirilmistir.  LSG
uygulamasimin sematik bir gosterimi Sekil 2’de
verilmistir.

Sekil 2. LSG Uygulamasinin Sematik Bir
Gosterimi [76].

Malabsorbtif Yontemler
Jejunoileal Bypass (J1B)

Bariatrik cerrahinin ve malabsorbtif tiirlerin atasi
olarak kabul edilen JIB ilk olarak 1950’lerin
basinda Dr. Richard Varco tarafindan bir hastaya
uygulanmig, 1954’te Kremen ve Linner [74]
tarafindan rapor olarak yaymlanmistir [26, 58]. Bu
yontemde  tipik olarak  jejunum 35 cm
proksimalinden ayrilarak ileumun distalinden 10
cm uzagma bypass edilir. Jejunumun bosta kalan
ucu ise u¢ noktadan siitire edilir [28]. Ozetle
bagirsak boyunun kisaltildigi bu uygulamada
hiperfaji ~ durdurulamasa da  kilo  verimi
gerceklesmektedir. Fakat karaciger yetmezligi gibi
ciddi komplikasyon riskleri barindirdig1 anlasildig
ve yiliksek mortalite oranlariyla iliskilendirildigi
i¢in 1970’1erde kullanimi birakilmistir [46, 59].

Biliopankreatik Diversiyon (BPD)

Bu uygulama ilk olarak 1950’lerde JIB seklinde
ortaya ¢ikmustir. Ardindan gelistirilmis ve 1979°da
Scopinaro [73] BPD igin diinya ¢apinda uygulanan
bir prosediir yaymlamistir. Bu uygulamada midenin
2/3’lik  kismi distalden yatay sekilde rezeke
edilerek geriye en fazla 500 ml hacimli bir mide
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posu birakilir. Geriye birakilan pos hacmi genis
oldugu i¢in mide rezeksiyonu olsa da bu yontem
kisitlayict yontemler sinifina girmemektedir [27].
Ince bagirsak, ileogekal valvin 300 cm uzagindan
kesilerek geriye kalan mideye baglanir. ince
bagirsagin bypass edilen bolimii ileogekal valvin
50 cm uzagindan birlestirilirken pilor ucu pankreas
kanali ile birlestirilir. Bu sayede biliopankreatik
kanal ile beslenme kanali (Roux kanali) ileogekal
valvin 50 cm uzaginda ortak bir kanal olustururlar
[46]. Bu sayede postoperatif siiregte Ozgiir bir
beslenme programi izlense bile kilo verimi
gergeklesmektedir. Fakat 50 cm’lik kisitli  bir
emilim alani oldugundan dolayr uzun doénemde
makro ve mikro besin Ogesi eksiklikleri sik
goriilmektedir. Bu durumun dogal sonucu olarak
uzun donemde kemik mineralizasyonu, protein-
enerji malniitrisyonu, ndrolojik bozukluklar, anemi
gibi komplikasyon riskleri tagimaktadir. Bunun yani
sira pilor sfinkteri korunmadigi igin dumping
sendromu ve marijinal {ilser riski tagimaktadir [57].
Postoperatif donemde mortalite riski yaklagik
%]1°dir [46]. Scopinaro ve arkadaglarinin (1998)
BPD gegirmis hastalar (n=2241) {izerinde yaptig
21 yillik c¢aligmada postoperatif fazla kilo kayip
oraninin %74+15 oldugu bildirilmistir [57].

Kombine Yontemler

Biliopankreatik  Diversiyon-Duedonal  Switch
(BPD-DS)
Biliopankreatik ~ Diversiyon-Duedonal ~ Switch

(BPD-DS) yalnizca Duedonal Switch (DS) olarak
da adlandirihir [26]. Scopinaro’nun tanmimladigi
BPD uygulamasinin zamanla degistirilmesiyle
1990’da  Marceau ‘degistirilmis BPD’ olarak
adlandirilan uygulamanin ilkelerini tanimlamistir.
Bu teknigi BPD tekniginden farkli kilan noktalar
horizontal gastrektomi yerine vertikal gastrektomi
yapilmast ve ortak kanal olarak adlandirilan
bolgenin ileogekal proksimalinden itibaren 50 cm
degil 75-100 cm olmasidir [33, 58]. BPD-DS
uygulamasimin gematik bir gosterimi Sekil 3’te
verilmistir.

Sekil 3. BPD-DS Uygulamasinin Sematik Bir
Gosterimi [27].



Mide hacmi yaklagik 100 ml’ye kiigiiltuldiigii i¢in

ve bagirsak bypass edildigi i¢in hem restriktif hem
de malabsorbtif bir yontemdir. Hormonal denge ve
metabolizma iizerinde de ¢esitli etkileri mevcuttur.
Emilim eksikliklerine neden oldugundan dolay:
postoperatif donemde niitrisyonel durumunun iyi
bir sekilde gbzlenmesi gerekir [27]. Uzun donemde
kilo kaybin1 ve komorbidite insidans oranini en iyi
diisiiren uygulama olmasina ragmen karmasik bir
ameliyat olmast ve ameliyat komplikasyon risk
oranmin yiksek olmasi nedeniyle deneyimli
merkezlerde gerceklestirilmesi onerilir [55].

Hess ve Hess’in (1998) BPD-DS gecirmis 440
morbid obez hasta iizerinde yaptiklari bir caligmada
postoperatif 24. ayda fazla kilo kayip oraninin %80
oldugu; bu oranin postoperatif 8. yila kadar %70
civarinda  seyrettii ve cerrahi  tedavinin
komorbidite hastaliklar {izerine olumlu etkilerinin
oldugu bildirilmistir [60].

Mini Gastrik Bypass (MGB)

ik versiyonunu 1966 yilinda Mason ve ito, Loop
Gastrik Bypass adiyla uygulamiglardir [17]. Ancak
safra gastriti ve Ozofajit ile biliyer yetersizligi
nedeniyle kullanimi birakilmigtir [23]. Ardindan
1997 yilinda MGB seklini almig ve Rutledge 2001
yilinda uygulamanin teknik ayrintilarini ve ilk
raporu yaymlamigtir [64]. Yontemde kiiciik
kurvatiire paralel bir stapler hatt1 his agisina kadar
getirilerek kiiciik bir mide hacmi birakilmaktadir.
Gastrik tiipiin distal ucu ince bagirsakla birlestirilir.
Geride kalan mide boliimii siiture edilerek devre
dist brrakilmig olur [64]. MGB uygulamas: diinya
genelinde c¢ok az siklikta (%1.5) kullanildig
bildirilmistir [46].

Roux en Y Gastrik Bypass (RYGB)

Gastrik Bypass (GB) 1970’lerin sonunda taninmaya
baslanmig, RYGB yontemi ise 2000’li yillarin
baginda Loop Gastrik Bypass yonteminden
evrilmigtir. Teknik olarak bypass edilmis 30 ml’lik
mide posu’nun, 100-150 cm’lik roux kanalina

baglanmas1 prensibine dayanir [61]. RYGB
uygulamasimin gematik bir gosterimi Sekil 4’te
gosterilmistir.

Midenin ¢ok biiylik bir kismi ve bagirsagin bir
boliimii bypass edildigi i¢in etkinlik orani yiiksek
bir yontemdir. Fakat bu uygulamanin sonrasinda
mikro ve makro besin 6gesi yetersizlikleri uzun
dénemde goriilebilecek komplikasyonlar olarak
karsimiza  ¢ikmaktadir  [26, 46]. RYGB
uygulamasinda postoperatif fazla kilo kaybi ilk yil
%60-70 [51], sonraki 5 yil iginde ise %60 civarinda
seyretmektedir [46, 62].

RYGB uygulanan 114 hastanin postoperatif donem
sonuglar1 lizerinde yapilan bir ¢alismada; fazla kilo
kayip oraninin postoperatif 3. ayda %47.68 ve
postoperatif 12. ayda %85.04 iken 24. ayda %83.5
oldugu ve hipertansiyon, hiperlipidemi, uyku
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Sekil 4. RYGB Uygulamasinin Sematik Bir
Gosterimi [27].

Diger yandan RYGB ile MGB uygulamalarimin
karsilagtirildigt 1657 gastrik  bypassli  hastay1
kapsayan 10 yillik bir c¢alisjmada RYGB’nin
operasyon siiresinin ve komplikasyon riskini daha
yiksek oldugu  bunun yaninda MGB’nin
postoperatif 5 yilda fazla kilo kayip oraninin
RYGB’den daha fazla oldugu bildirilmistir [65].
Giliniimiizde bariatrik cerrahinin basarisi fazla kilo
kayip oraninin %50’den fazla olup olmamasiyla
belirlenmektedir [62]. Postoperatif donemde eger
hastalarin fazla kilo kayip oran1 %40 ve altindaysa
uygulama basarisiz, %40-60 araliginda ise orta
diizeyde basarii ve %060 ve iizerinde ise iyi
diizeyde basarili olarak kabul goriir [19, 66, 67].
TEMD 2019 Obezite Tan1 ve Tedavi Kilavuzu’na
gore en ¢ok kullanilan ve artik standart olarak kabul
edilmis yontemler; LSG, LAGB, BPD-DS ve
RYGB’dir ve bariatrik cerrahiye bagli mortalite
oran1 yaklagitk %1’dir [55]. Fakat LAGB
kullaniminin son zamanlarda belirgin sekilde
azaldig1 bildirilmistir [68]. Postoperatif donemde
yapilan beslenme ve metabolik kontrollerin
periyotlar1 uygulamadan uygulamaya farklilik
gostermesine ragmen ilk 1-3 yil igerisinde intestinal
adaptasyonun saglanmas: beklenir [69]. Bazi
standart uygulamalarin kontrol siireleri Tablo 2°de
yer almaktadir.

SONUC

Bariatrik cerrahi uygulamalar;; morbid obezite
tedavisinde diyet ve farmakolojik tedaviye gore
basar1 sansi oldukca yiiksek olan; perioperatif
stiregte cerrah, diyetisyen, hemsire, fizyoterapist,
psikolog  gibi  bircok  uzman tarafindan
gerceklestirilen multidisipliner bir ekip
calismasidir. Gegmisi 1950°lere dayanan ve ilk
olarak Jejunoileal Bypass (JIB) olarak uygulanan
bariatrik cerrahi uygulamalar1 giliniimiizde gelisen
teknoloji ile birlikte giincellenmekte,
degistirilmekte ve ¢esitlendirilmektedir. Ornegin



JIB uygulamasi zamanla gelistirilerek
Biliopankreatik Diversiyon (BPD) seklini almis, o
da zamanla baz1 teknik degisiklikler yapilarak
Biliopankreatik ~ Diversiyon-Duedonal ~ Switch
(BPD-DS) seklinde uygulanmaya baglanmigtir.
BPD-DS giintimiizde sik tercih edilen basar1 orani
ylksek bir uygulamadir. Fakat JIB uygulamasi
yliksek mortalite riski barindirdigi anlasildigindan
dolay1 giinlimiizde artik tercih edilmemektedir.
Giliniimiizde kullanimu tercih edilmeyen bir diger
uygulama da Vertikal Band Gatroplasti’dir (VBG).
Diger uygulamalara gore ortaya ¢ikisi ¢ok da eskiye
dayanmayan Gastrik Pacing uygulamasi kisa
donemde kilo kaybi saglanmak istenilen hastalarda
uygulanmaktadir fakat uzun donem sonuglarini
gorebilmek adma daha c¢ok caligmaya ihtiyag
duymaktadir. Intragastrik balon uygulamas: gelisen
teknolojiyle uygulama kolaylig1 ve popiilerlik

kazanmig giiniimiizde kisa donemde kilo kaybi
saglanmak istenen hastalara uygulanmaktadir.
Diger pek ¢ok yonteme kiyasla daha az invaziv bir
yontem sayilabilecek Laparosopik Ayarlanabilir
Gastrik Band (LAGB) uygulamasi giiniimiizde
kullanim kolayligindan dolay1 sik tercih edilen
uygulamalar arasindadir. Roux en Y Gastrik Bypass
(RYGB) teknik olarak Loop Gastrik Bypass

uygulamasindan evrilmis olup giliniimiizde basari
orant ve kullanim siklig1 fazla olan uygulamalar
arasindadir. Laparoskopik Sleeve Gastrektomi
(LSG) daha once BPD-DS uygulamasmin ilk
asamast olarak uygulansa da giiniimiizde tek basina
uygulanmakta olan bagsar1 orami yiiksek bir
uygulamadir. Mini Gastrik Bypass ise diinya
genelinde ¢ok az siklikta kullanilan bir yontemdir.
Her biri bir¢cok avantaj ve dezavantaj barindiran ve
bazilar1 arttk kullanilmayan bu uygulamalar
arasindan hastaya uygun olanmi pek c¢ok faktor goz
onlinde bulundurularak segilmektedir. Tim bu
uygulamalara giin gectikge revize edilmekte
kullanim1 birakilanlarin yerine yenileri eklenmekte
ve daha az risk barindiran hasta ve cerrah agisindan
kolay olan uygulamalar gelistirilmeye
calisilmaktadir.  Siirecin  basarili  bir  sekilde
gerceklesmesi i¢in hastaya uygun yontemin tercih
edilmesi, ekip tarafindan silire¢ boyunca hastanin
kapsamli bir sekilde takip edilmesi, cerrahi tedavi
sonrast  egitimlerinin  yapilmasi, diyetisyenler
tarafindan hastalarin beslenme programlarinin,
hasta gereksinimleri gozetilerek diizenlenmesi,
gerektiginde gilincellenmesi ve hastanin ¢ok iyi bir
sekilde izlenmesi son derece  Onemlidir.

Tablo 2. Baz1 Standart Uygulamalarinin Postoperatif Dénem Kontrol Periyotlari [69].

ISLEM Komorbidite  ilk 6 ay” ikinci 6 ay ikinci y1l 2 yil ve sonrasi
LAGB Yok Her ay 1 kez 1 kez Yillik Yillik
Var Her ay 1 kez 2 kez Her 6 ayda 1 kez Yillik
RYGB Yok Her 2-3 ayda 1 kez 1 kez Her 6 ayda 1 kez Yillik
Var Her 1-2 ayda 1 kez Her 3-6 ayda 1 kez Her 6 ayda 1 kez Yillik
BPD-DS Yok Her 2-3 ayda 1 kez 2 kez Her 3-6 ayda 1 kez Yillik
Var Her 1-2 ayda 1 kez Her 6-12 ayda 1 kez  Her 6-12 ayda 1 kez Her 6-12 ayda 1 kez

* [Ik kontrol postoperatif ilk ayda yapilmak iizere.
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bilgileri verilmelidir. Ayrica makalelerde sorumlu yazar belirtilmelidir. Times New Roman 10 punto, tek satir araligiyla
yazilmahdir.

Makale bagligy, icerikle uyumluy, icerigi en iyi ifade eden bir baslik olmalidir. Baslik, kalin ve 12 punto biiytikliigiinde
olmali ve ilk harfler biiyiik olacak sekilde sayfa ortalanarak yazilmaldir. Makaleler aym 6zellikte Ingilizce bir
baslik/title icermelidir.

Makalenin basinda, konuyu kisa ve 6z bicimde ifade eden ve en az 75, en fazla 150 kelimeden olusan Tiirkge “0Oz”
bulunmalidir. Oz iginde, yararlanilan kaynaklara, sekil ve cizelge numaralarina deginilmemelidir. Adres/ler den 2 satir
bosluk birakildiktan sonra, Times New Roman 10 punto, tek satir araligiyla yazilmahdir. Oziin altinda bir satir bosluk
birakilarak, en az 3, en ¢ok 6 sozciikten olusan anahtar kelimeler verilmelidir. Anahtar kelimeler makale igerigi ile
uyumlu ve Kkapsayia olmalidir. Aym sekilde makaleler Ingilizce bir baslk/title, anahtar sozciikler/keywords ve
0z/abstract icermelidir.

MSUFBD'’in yayn dili Tiirkce ve ingilizcedir.

Herhangi bir sempozyum veya kongrede sunulmus olan c¢alismalar kongrenin adi, yeri ve tarihi belirtilerek
yayimlanabilir. Bir arastirma kurumu veya fonu tarafindan desteklenen calismalarda destegi saglayan kurulusun adi ve
proje numarasi verilmelidir.

Makaleler Giris, Materyal ve Metod, Deneysel Kisim, Gere¢ ve Yontem, Tartisma, Sonug¢ vb. yer alacak sekilde
hazirlanmali ve alt basliklar ikinci derece basliklar Times New Roman 10 punto ile saga hizali olarak diizenlenmelidir.

Formiiller ve denklemler Math Type ya da Word Denklem Diizenleyici kullanilarak yazilmalhdir.

Calisma, dil bilgisi kurallarina uygun olmalidir. Makalede noktalama isaretlerinin kullaniminda, kelime ve kisaltmalarin
yaziminda en son ¢ikan TDK Yazim Kilavuzu esas alinmali, agik ve yalin bir anlatim yolu izlenmeli, amag¢ ve kapsam
disina tasan gereksiz bilgilere yer verilmemelidir. Makalenin hazirlanmasinda gegerli bilimsel yontemlere uyulmals,
calismanin konusu, amaci, kapsami, hazirlanma gerekeesi vb. bilgiler yeterli dlglide ve belirli bir diizen iginde
verilmelidir.

Bir makalede sirasiyla 6zet, ana metnin boliimleri, kaynakga ve (varsa) ekler bulunmalidir. Makalenin bir “Giris” ve bir
“Sonug¢” boliimi bulunmalhidir. “Giris” ¢alismanin amaci, 6nemi, dénemi, kapsami, veri metodolojisi ve planini mutlaka
kapsamalidir. Konu gerektiriyorsa literatiir tartismasi da bu kisimda verilebilir. “Sonu¢” arastirmanin amag ve
kapsamina uygun olmali, ana ¢izgileriyle ve 6z olarak verilmelidir. Metinde s6zii edilmeyen hususlara “Sonu¢”ta yer
verilmemelidir. Belli bir diizen saglamak amaciyla ana, ara ve alt bagsliklar kullanilabilir.

Tablo/Sekillerin numarasi ve basligi bulunmalidir. Tablo ¢iziminde dikey ¢izgiler kullanilmamalidir. Yatay cizgiler ise
sadece tablo i¢indeki alt bagliklar1 birbirinden ayirmak i¢in kullanilmahdir. Tablo/Sekil numarasi tiste, tam sola dayal
olarak Times New Roman 10 punto yazilmal;; tablo/sekil adi ise, her sozciigiin ilk harfi biiylik olacak sekilde
yazilmalidir. Ayrica tablo/sekiller siyah beyaz baskiya uygun hazirlanmalhdir.

Makalede, diizenli bir bilgi aktarimi saglamak tizere ana, ara ve alt bashklar kullanilabilir. Makale bashg: disindaki diger
tiim basliklar 10 punto yazilmalidir. Birinci derece basliklar biiyiik ve koyu karakterde; ikinci derece basliklar, yalniz
ilk harfleri biiyiik ve koyu olmayan; ligiincii derece basliklar ise yalniz ilk harfleri biiytik, koyu olmayan ve italik harflerle
yazilmalidir. Ayrica basliklar, éncesi ve sonrasi 6 nk olacak sekilde ayarlanmalidir.
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BiRiNCi DERECE BASLIK
Ikinci Derece Bashk

Uciincii Derece Bashk

Kaynak gostermede makale icerisinde “koseli parantez igerisinde numara” ile yazilmaldir. Her kaynak kendi
orijinal dilinde verilmelidir. Kaynaklar Times New Roman 9 punto ile yazilmalidir. Kaynaklar yazilirken siralama
asagidaki sekilde olmalidir:

Chen Y. R, Chao K, Kim M. S. Machine vision technology for agricultural applications, Computers and Electronics
in Agriculture, 36, 173-191, 2002.

Kumar A. Computer vision based fabric defect detection: a survey, IEEE Transactions on Industrial Electronics,
55, 348-363,2008.

Yetis H., Baygin M., Karakose M. A New Micro Genetic Algorithm Based Image Stitching Approach for Camera
Arrays at Production Lines, The 5th International Conference on Manufacturing Engineering and Process (ICMEP
2016), 25-27 May, 2016.

Aydin I, Karakose E., Karakdse M., Gengoglu M.T., Akin E., A New Computer Vision Approach for Active Pantograph
Control, IEEE International Symposium on Innovations in Intelligent Systems and Applications (IEEE INISTA
2013), Albena, Bulgaria, 2013.

Lim S. H. Video-processing applications of high speed cmos image sensors, The Degree of Doctor of Philosophy,
Stanford University, 2003.

MSUFBD’e yazim kurallarina uygun olarak génderilen makaleler, daha sonraki asamada intihal denetiminden
gecirilir. Dergide intihal denetimi iThenticate programi ile yapilmaktadir ve intihal denetiminde kabul edilebilir
benzerlik orani en fazla %20 olmaldir.

Yayim asamasinin ilk adimi i¢cin makaleler Online Basvuru Sistemi araciligiyla yollanmalidir. Bagvurunun hemen
ardindan elektronik posta adresinize otomatik olarak bir onay mesaji gonderilecektir. Daha fazla bilgi icin
http://dergipark.gov.tr/ msufbd elektronik adresi araciligiyla editoriimiizle baglantiya gegilebilir.
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Instructions for Authors

MSUFBD is an international peer-reviewed journal that is published two times a year. The purpose of the journal is to make
contributions to publishing qualified academic studies in sciences, basic and engineering areas.

The articles that are published in the journal cannot be published or presented anywhere else unless permission is granted
from the editorial board. The articles that are published either partially or completely cannot be used anywhere else unless
reference is given. The content of the articles that are sent to the journal has to be authentic, not previously published or sent
to be published. The authors of the articles have to have a consensus regarding the list of the names in the article.

If you download the “sample article” that was prepared according to spelling rules and format of the MSUFBD Journal from
our website through the link for authors to help you prepare the article, this will save your time and facilitate the preparation
process. You can also prepare your article by saving this sample as a template on the Microsoft Word program.

The articles should be in MS Word 2007 or higher version.

The layout has to be custom-designed (15.5x23 cm). The file format has to be MS Word. The font has to be Times New
Roman or a similar one with a size of 10. The file has to have single-line spacing. Page margins have to be 2.5 cm on the
top and 2.5 cm for all the other sides. The pages have to be numbered.

The articles need to include the name(s), surname(s), institutional title(s), institution name(s), and e-mail address(es)
of the author(s). In addition, the corresponding author has to be indicated in the articles. The font has to be Times New
Roman with a size of 10 and single line spacing.

The title of the article has to be consistent with the content and must reflect the content in the best way possible. The
title has to be boldface with a font size of 12. The first letter of all the words has to be uppercase. The title has to be
centered. The articles need to have an English title with the same properties.

The article needs to include an “Abstract” at the beginning not less than 75 words nor longer than 150 words
summarizing the content in the most precise and concise way. The abstract must not include references, figures, and
table numbers. Leaving a space under the abstract, the author has to add keywords including at least 3 and utmost 6
words. The keywords have to be consistent with the content and need to be comprehensive. Similarly, the articles have
to include an English title, keywords, and abstract.

MSUFBD is published in Turkish and English.

The works that are presented in any symposium or congress can be published after specifying the name, place and the
date of the congress. The works that are supported by a research organization or fund have to indicate the name of the
supportive organization and the number of project.

The articles have to be organized as introduction, body, experimental, result and discussion and conclusion. Sub-titles
and lower-level titles have to have a font size of 10 and be right-aligned.

Formulas and equations need to be written via Math Type or Word Equation Editor.

The study has to comply with grammatical rules. The latest Turkish Language Association Spell Check has to be
employed regarding the use of punctuation, spelling of the words, and abbreviations. The text is expected to be clear
and simple. No expressions out of purpose and scope must be included in the work. The valid scientific methods have
to be employed to prepare the article. The content, purpose, scope, justification, etc. of the study have to be provided as
much as needed in a certain order.

An article is expected to include abstract, sections of the main text, references, and appendices (if there is any)
respectively. An article has to have an “Introduction” and “Conclusion” sections. The “Introduction” is definitely
expected to include the purpose, importance, period, scope, data methodology, and outline of the study. If it is necessary
for the subject to be dealt with, literature review can be given in this section as well. The “conclusion” needs to be in
compliance with the study’s purpose and scope. It needs to be given generally and concisely. The points that are not
mentioned within the text must not be included in “conclusion”. Headings, titles, and sub-titles can be used to organize
the text.

Tables/Figures need to be numbered and given with their titles. No vertical lines must be used to draw the tables.
Horizontal lines can only be used to separate the sub-titles within the table from each other. Table/Figure number has
to be at the top left-aligned and non-Italic with Times New Romans 10 font. The name of tables/figures has to be written
with each word having its first letter uppercase. In addition, tables/figures have to comply with black and white print.
If there is anything in the table that requires reference, the references must be given at the bottom of the table with in-
text reference format.

Headings, titles, and sub-titles can be used to ensure an ordered information transfer. All the other titles except for the
title of the article have to have a font size of 10. First-level titles need to be uppercase and boldface; the first letters of
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all the words in the second-level titles need to be uppercase and not boldface; and only the first letters of the words in
the third-level titles need to be uppercase, and these titles have to be italic. In addition, the titles have to be organized
with 6 nk before and after the title.

FIRST-LEVEL TITLE
Second-Level Title
Third-level Title

The reference should be marked with "number in square brackets" in the article. Each reference must be given in its original
language. The references should be written in Times New Roman 9 point. When writing the references, the sequence should
be as follows:

e Chen Y. R, Chao K, Kim M. S. Machine vision technology for agricultural applications, Computers and Electronics in
Agriculture, 36,173-191, 2002.

e Kumar A. Computer vision based fabric defect detection: a survey, IEEE Transactions on Industrial Electronics, 55,
348-363, 2008.

¢ Yetis H., Baygin M., Karakose M. A New Micro Genetic Algorithm Based Image Stitching Approach for Camera Arrays
at Production Lines, The 5th International Conference on Manufacturing Engineering and Process (ICMEP 2016), 25-
27 May, 2016.

¢ Aydin I, Karakose E., Karakdose M., Gengoglu M.T., Akin E., A New Computer Vision Approach for Active Pantograph
Control, IEEE International Symposium on Innovations in Intelligent Systems and Applications (IEEE INISTA 2013),
Albena, Bulgaria, 2013.

e Lim S. H. Video-processing applications of high speed cmos image sensors, The Degree of Doctor of Philosophy,
Stanford University, 2003.

o The manuscripts that comply with the publication principles of anemon are passed through plagiarism checking. The
journal uses the Ithenticate software to detect instances of overlapping and similar text in submitted manuscripts. If
the similarity level is above %20, the manuscript is not accepted for publication.

o The articles are sent through Online Application System for the first step of the publication. An automatically-sent
confirmation message is sent to your e-mail address upon the completion of the application. For further information,
please contact the editor via http://dergipark.gov.tr/msufbd.
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Degerlendirme Siireci

MSUFBD’e gonderilen yazilar, 6nce Yayin Kurulunca dergi ilkelerine uygunluk a¢isindan bir 6n degerlendirmeye tabi
tutulur. Dergi kapsamina girmeyen veya bilimsel bir yazi formatina icerik ve sekil sartlari agisindan uymayan yazilar,
hakemlik siireci baslatilmadan geri ¢evrilir ya da baz1 degisiklikler istenebilir. Yayin icin teslim edilen makalelerin
degerlendirilmesinde akademik tarafsizlik ve bilimsel kalite en 6nemli 6l¢iitlerdir.

MSUFBD’e yayin kurallarina uygun olarak génderilen makaleler, daha sonraki asamada intihal denetiminden gegirilir.
Mus Alparslan Universitesi Fen Bilimleri Dergisinde intihal denetimi, Ithenticate paket programi araciigiyla
gerceklestirilmekte ve intihal denetiminde, benzerlik oraninin %20’nin iistine ¢ikmamasi gerekmektedir. ilgili
calismada herhangi bir intihale rastlanmadig1 takdirde degerlendirilmek iizere o alandaki ¢alismalariyla taninmis iki
hakeme gonderilir. MSUFBD Dergisi, stirecin her asamasinda, hakem ve yazarlarin isimlerinin sakl tutuldugu cift-koér
hakemlik sistemini kullanmaktadir. Hakem raporlar bes y1l siireyle saklanir. Makaleyi degerlendiren iki hakemden
birisinin olumlu digerinin olumsuz rapor vermesi durumunda makale {igiincii hakeme gonderilmekte veya Yayin
Kurulu, hakem raporlarini inceleyerek nihai karar1 vermektedir.

MSUFBD’e gonderilen calismalarda yazarlar, hakem ve Yaym Kurulunun elestiri ve Onerilerini dikkate alirlar.
Katilmadiklar1 hususlar varsa gerekgeleriyle birlikte itiraz etme hakkina sahiptirler. Dergideki hakemlik siirecinde,
akademik unvana sahip kisilerin yayinlari i¢in ancak esit ya da iist derecede akademik unvana sahip kisiler hakem
olabilir.

MSUFBD’e hakem degerlendirme siireci, istenilmeyen nedenlerden dolayr bazen uzun siirebilmektedir. Normal
kosullarda editor tarafindan 6n degerlendirme asamasi bir hafta; hakem degerlendirme siireci de 8 hafta olarak
planlanmaktadir. Ancak hakemlerden zamaninda doéniis olmamasi nedeniyle yeniden hakem atama vb. nedenlerden
dolay1 hakem degerlendirme siireci uzayabilmektedir.

MSUFBD’e makale gonderen yazar/yazarlar, Derginin s6z konusu hakem degerlendirme kosullarini ve siirecini kabul
etmis sayilirlar.

MSUFBD’de yayimlanmasina Karar verilen (kabul edilen) calismalarin telif hakki, Mus Alparslan Universitesi'ne
devredilmis sayilir.
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Peer Review Process

The papers that are sent to MSUFBD are subjected to preliminary assessment by the Editorial Board to see whether the
work complies with the principles of the journal. The papers that are out of the scope of the journal or do not comply
with the format of a scientific text either in terms of content or style are either rejected or demanded to be corrected
prior to peer-review process. Academic objectivity and scientific quality are the most important criteria for the
assessment of the articles that are submitted to be published.

The articles that comply with the publication principles of MSUFBD are passed through plagiarism checking. Journal of
Social Sciences of Mus Alparslan University uses the iThenticate software to detect instances of overlapping and similar
text in submitted manuscripts. The journal allows an overall similarity of 20% for a manuscript to be considered for
publication. After determining an acceptable similarity rate, the article is sent to two reviewers who are known for their
studies in the relevant field. MSUFBD employs double-blind review system in which the names of neither the reviewers
nor the authors are disclosed in any of the phases of the process. Reviewer reports are saved for five years. If one of the
reviewers gives positive feedback while the other gives negative feedback, the article is either sent to a third reviewer
or Editorial Board examines the reviewer reports to make the final decision.

The authors submitting papers to MSUFBD take into account the criticisms and suggestions of the reviewers and the
Editorial Board. The authors also have the right to object to the points with which they disagree. In the reviewing
process, the publications of people with academic titles are only reviewed by academics of either an equal or a higher
degree.

Assessment process of MSUFBD may sometimes take long periods of time due to undesired reasons. Normally,
preliminary assessment by the editor takes a week while reviewer’s assessment period takes 8 weeks. However,
reviewer assessment process may get longer when reviewers do not respond on time or in cases of appointing a new
reviewer and so on.

The author/authors submitting papers to MSUFBD is/are considered to have accepted the aforementioned reviewing
conditions and process of the journal.

The copyrights of the works that are decided to be published (accepted) in MSUFBD is transferred to Mus Alparslan
University.
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Yayn Ilkeleri

MSUFBD, ulusal ve uluslararasi diizeyde yapilan, fen, temel alanlar ve miihendislik bilimleri alaninda 6zgiin ve nitelikli
calismalari, bilimsel bir yaklasimla ele alarak fen bilimler alanlarindaki ¢alismalarin niteliginin yiikselmesine, yontem
ve uygulamalarin gelismesine, kuram ve uygulama alanlarindaki ¢alismalar arasinda iletisimin giiclenmesine ve fen
bilimleri alanindaki literatiiriin zenginlesmesine katki saglamak amaciyla yayimlanmaktadir.

MSUFBD’e, matematik, fizik, kimya, biyoloji, cevre bilimi, saglik, eczacilik, miihendislik bilimleri vb. tiim fen bilimlerine
ait 6zgiin ve nitelikli bilimsel ¢alismalar1 destekleyerek bilim camiasinda tretilen bilgileri akademisyenlerin ve
kamuoyunun istifadesine sunmak amaciyla yeni ve 6zgiin ¢alismalara yer verilmektedir.

MSUFBD’e gonderilecek ¢alisma, alaninda bir boslugu dolduracak 6zgiin bir yazi olmali ya da daha énce yayimlanmis
calismalari degerlendiren, konuya dair yeni ve dikkate deger goriisler ortaya koyan inceleme olmalidir.

MSUFBD’e gonderilecek yazilar makale, ¢eviri ve kitap tanitimi tiiriinde olmalidir. Dergimize génderilen geviri yazilar
icin, makale sahibinin yayin izni ve orijinal metin gereklidir.

MSUFBD’e yayin dili Tiirkge ve ingilizce'dir.

MSUFBD’e gonderilen ¢alismalar daha once hicbir yerde yayimlanmamis ve halihazirda yayimlanmak tizere
sunulmamis olmalidir. Bilimsel bir toplantida sunulmus bildiriler, durum agik¢a belirtilmek sartiyla dergiye
gonderilebilir.

MSUFBD’e Kis/Aralik ve Yaz/Haziran sayisi olmak iizere yilda iki defa diizenli olarak yayimlanmaktadir.

MSUFBD’e gonderilen yazilara telif hakki 6denmez. Yayimlanan makalelerin telif hakki Mus Alparslan Universitesi Fen
Bilimler Dergisi'ne aittir.

MSUFBD’de yayimlanan yazilarin bilimsel ve hukuki sorumlulugu yazarlarina aittir.

MSUFBD’de yer alan yazilardaki goriis ve diisiinceler yazarlarinin kisisel gortisleri olup derginin ve bagh oldugu
kurumlarin goériislerini yansitmaz.

MSUFBD’e gonderilen calismalar, TUBITAK ULAKBIM’in DergiPark Sistemi (UDS) iizerinden elektronik ortamda
gonderilmektedir. Bu sisteme http://dergipark.gov.tr/msufbd da yer alan "Kullanic1 Sayfasi/Yeni Gonderi" linkinden
ulasilabilir. S6z konusu sisteme kayit yapilip makale gonderildikten sonra hakem siireciyle ilgili gelismeler ve hakem
degerlendirme raporlari yazarlar tarafindan kolaylikla takip edilebilir.
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Editorial Principles

MSUFBD is a national and international peer-reviewed journal that publishes authentic and qualified works with a
scientific approach in the fields of science, basic and engineering sciences. It is published to contribute to raising the
quality of the social sciences studies, development of methods and practices, to strengthen the communication between
theoretical and practical studies, and to enrich the science literature.

MSUFBD supports all the authentic and qualified scientific studies in the science fields including maths, physic,
chemistry, biology, health, pharmacy, engineering sciences etc. It publishes new and authentic works to offer the
knowledge produced by scientific circles for the benefit of academics and public.

The works that are sent to MSUFBD must be both an authentic work to eliminate a lack in the literature or a review
assessing the previously-published works and suggesting relevant, new, and noteworthy opinions.

The texts that are sent to MSUFBD include articles, translations, and book promotions. For the translated texts,
publication permission of the owner of the article and the source text are required.

Publication languages of MSUFBD are Turkish and English.

The works that are sent to MSUFBD must not be published previously anywhere. They have to be ready for publication.
The papers that have previously been presented in a scientific meeting can be sent to the journal if it is clearly indicated.

MSUFBD is regularly published in Winter/December and Summer/June per year.

No copyright payment is made for the papers that are sent to MSUFBD. The copyrights of the works that are published
in MSUFBD are transferred to Mus Alparslan University Journal of Science.

Scientific and legal liabilities of the articles published in MSUFBD belong to the authors.

All the opinions and ideas indicated in the articles that are published in MSUFBD are authors’ personal opinions and do
not reflect the opinions of the Journal or the affiliated institutions by any means.

The works that are sent to MSUFBD are sent to TUBITAK ULAKBIM’s DergiPark System (UDS) in electronical
environment. This system can be accessed via http://dergipark.gov.tr/msufbd under the link “User Page/New
Submission”. After registering in the system and submitting the paper, the developments regarding the reviewing
process and reviewer reports can be followed by the authors.
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Yazisma Adresi / Address

Mus Alparslan Universitesi
MSUFBD Dergi Editorligi

Mus Alparslan Universitesi Fen Bilimleri Enstitiisii
49250 — MUS/TURKIYE
Tel: 0436 249 49 49 / 3671 - Fax: 0 436 213 00 28
Web: http://dergipark.gov.tr/msufbd
e-mail: msufbd@alparslan.edu.tr
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