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AAS ve Bulanik AAS Yontemleri ve Bir Uygulama
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Anahtar Kelimeler: Ozet:

Cok kriterli karar verme,

Genis uygulama alam1 ve popilerligi olan Cok Kriterli Karar Verme
Yontemlerinden AAS ve Bulanik AAS agiklanmis ve deneysel bir veriye uygulanmstir.

AAS, Uygulama sonuclari, her iki yontemin de benzer sonuclar verdigini ve deneysel
Bulanik AAS. arastirmalarda kullamlabilecegini gostermektedir.
ANP and Fuzzy ANP Methods and an Application
Keywords: . . S . .
Multi-criteria decision making, Abstract: ANP a_lnd Fuzz_y ANP, which are among the Multl—Cr_lterla DeC|S|or_1 Making
ANP, Methods with wide application area and popularity, are explained and applied to an
Fuzzy ANP. experimental data. The application results show that both methods give similar results
and can be used in experimental research.
1. GIRIS Bu calismada CKKV yontemlerinden klasik Analitik

Cok Kriterli Karar Verme (CKKYV) yontemleri, se¢im ve
siralama  problemlerindeki  belirsizlik ve kararsizlik
durumlarmin giderilmesi i¢in gelistirilmistir (Ilbahar vd.,
2022). Bu yontemlerin amaci birtakim kriterler agisindan
segenekleri siralamak veya aralarindan en iyisini se¢mektir.
Bu se¢im islemi karar vericilerin kriterleri ve secenekleri
degerlendirmeleri ile baslamaktadir (Atalik&Sentiirk, 2019).

Son on yildir 6zellikle bulanik CKKV yontemleri hemen
her bilim dalinda popiiler bicimde uygulanmaktadir. Bunlarin
basinda bilgisayar bilimleri, yapay zeka, kontrol sistemleri,
iiretim, mithendislik vb. sayilabilir (Stoj¢i¢ vd., 2019; Kutlu
Gilindogdu&Kahraman, 2020).

Literatiirde yirminin istiinde CKKV yontemi mevcuttur
(Seker&Kahraman, 2021). Bu yontemlerin hemen her birinin
farkl1 bulanik say1 tiplerinde uyarlandigi ¢ok sayida yaklagim

da mevcuttur (Atalik&Sentiirk, 2019; Kutlu
Gilindogdu&Kahraman, 2020; Seker&Kahraman, 2021;
Bakir&Atalik; 2021).

*[lgili yazar / Corresponding author: z.gokkus@gmail.com

DOI: 10.58688/kujs.1183683
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Network Siireci (AAS) ve uygulama kolayligi agisindan
tiggen sayilar i¢in Bulanik Analitik Network Siireci (BAAS)
calisilmustir. Oncelikle s6z konusu iki yontem agiklanmistir.
Ardindan bir proje verisine her iki yontem uygulanmis ve
sonuglar degerlendirilmistir.

CKKV yontemleri genellikle gézleme dayali verilere
uygulanmaktadir. Bu ¢aligmada ise deneysel bir veriye
CKKYV yontemleri uygulanarak literatiire katki saglanmasi
amaglanmistir.

2. MATERYAL VE YONTEM
2.1. AAS

Thomas L. Saaty’nin (1977) karmasik problemlerin
¢oziimil igin gelistirdigi Analitik Hiyerarsi Siireci-Analitic
Hierarchy Process (AHS-AHP) yontemi, literatirde en
yaygin uygulanan ¢ok kriterli karar verme yontemidir
(Ozbek&Eren, 2013; Kubler vd., 2016). AHS yéntemi, her
bir seviyesi en az bir elemandan olusan, en az {i¢ hiyerargik
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seviyeli bir yapiya sahiptir (Ozbek, 2017). Alttaki bir
elemanin {istteki bir elemanmi etkiledigi varsayimina
dayanarak ikili karsilagtirmalar yapilir ve hiyerarsik olarak alt
diizeyde bulunan elemanlarin bir iist diizeydeki elemana gore
nispi 6nemleri belirlenir. AHS yapisinin en iistiinde amag
bulunur. Bir alt seviyede (ana) kriterler ve varsa onun da
altinda alt kriterler yer alir. En alt basamakta ise karar
seceneklerine yer verilir (Ecer&Kiigiik, 2008).

Analitik Ag Siireci-Analitic Network Process (AAS-
ANP) ise AHS’nin genellestirilmesi ile elde edilmis bir
yontemdir (Saaty, 1996). AAS yonteminde, AHS den farkl
olarak karar verme siirecinde, elemanlar arasindaki etkilesim
hesaba katilir ve hiyerarsi zorunlulugu ortadan kalkar. AAS,
bir karar verme problemini, elemanlar arasindaki iliskileri ve
bunlarin yonlerini tanimlayarak bir ag bi¢iminde ele alir.
Boylece, dogrudan iliskilendirilmemis elemanlar arasinda
olabilecek dolayli etkilesimler ve geri bildirimler dikkate
alinir (Saaty, 1996; Ozbek, 2017).

AAS yontemiyle bir karar verme probleminin
¢oziimiinde, kontrol hiyerarsisi olusturulacaksa, kontrol
kriterinin  altinda bir ag yapist olmasi  gerekir
(Peter&Zelewski, 2008). Kontrol hiyerarsisi, karar verme
probleminin amag, kriter ve ag bigimindeki alt kriterlerden
olusan bir yapidir. Bu ag yapisinda, kriterler arasinda

—

karsilikli bir bagimlilik veya geri besleme iligkisi olabilir. Bu
durumda bu yapiya kontrol (veya karar) ag1 denir.

En basit AAS yapisi tek agdan olugsmaktadir. En karmagsik
halde ise, her bir segenegin ortaya cikarabilecegi fayda
(benefit), firsat (opportunity), risk (risk) ve maliyet (cost)
olmak iizere (BORC) dort kontrol kriteri vasitasiyla dort ayri
yontemle analiz edilmektedir (Saaty, 2001; Peters&Zelewski,
2008; Goze, 2008; Ozbek, 2017).

Bir karar agi, kiimeler, elemanlar ve etkiler veya
bagimliliklardan meydana gelmektedir. Her bir kiimede en az
bir eleman bulunur. Eleman ise kriter veya karar secenegidir
(Saaty, 2001; Peters&Zelewski, 2008). Sekil 2.1°de drnek bir
karar ag yapisi bulunmaktadir.).

Sekil 2.1°de A kiimesi D ve E, D kiimesi C ve C kiimesi
de B kiimesinden etkilenmektedir (kiimeler arasi etkilesim
veya dig bagimlilik). A ile B ve C ile D kiimelerinin en az
birer elemani birbirinden etkilenmektedir (geri besleme). Son
olarak B ve E kiimelerinin kendi icindeki elemanlarla
etkilesimdedir (kiime i¢i etkilesim veya i¢ bagimlilik).

Bir karar verme probleminin AAS yontemiyle ¢ozimii

icin gerekli islem adimlar1 Sekil 2.2 ile temsil edilmis ve
ardindan siralanmustir (Ozbek, 2017).

R
~

Sekil 2.1. Karar ag1 yapisi (Peters&Zelewski, 2008).
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]

Problemin tanmmlanmas: | Kiime afnrhklan matrisinin
olozturulmasy
Kriterlerin ve seceneklerin
belirlenmesi l
Afrliklandirilmanm
EKarar afznm tasarlanmas: sﬂp:rialrbin r|:~1n§mt‘|1.lr|1na as1
— Agrhklandinlmg siipermatrisin
ikili karglasnrma olngturulmas:

matriclerinin slugturulmas: 1

Aprhiklandinlog sipermatrisin

Matrisin dncelik vektGriindn normallestirilmesi
hesaplanmasi 1
Tutarhhk orammn Limit matrisin olugturulmas
hesaplanmas:

l

Karar secenchklerinin
agirhklanmin hesaplanmas:

)

Karar segeneklérinin
sralanmas)

Tiim matrislere
aym iglemler

uyguland: ma?

Sekil 2.2. AAS islem adimlari
Adim 1: Karar verme problemi tanimlanir. Amag, kriterler ve karar segenekleri belirlenir ve karar ag tasarlanir.

Tablo 2.1. Karsilastirma Olcegi (Saaty, 2008)

Onem degeri  Onem degerinin tersi Tanim
1 1 Esit derecede énemli
3 1/3 Orta derecede onemli
5 1/5 Kuvvetli derecede 6nemli
7 17 Cok kuvvetli derecede 6nemli
9 1/9 Mutlak derecede onemli
2,4,6,8 1/2, 1/4, 1/6, 1/8 Ara degerler

Adim 2: Karar verici (ler) Tablo 2.1 ile verilen dlgegi kullanarak, her bir ikili karsilagtirma i¢in, Tablo 2.2 ile temsil edildigi
gibi, birer ikili karsilastirma matrisi olugturur.

Tablo 2.2. ikili karsilastirma matrisi (Wind & Saaty, 1980)

A Kriter 1 Kriter 2 Kriter 3 ... | Kritern
Kriter 1 1 a» a3 QAin
Kriter2 | ay; = 1/ay, 1 ays Aon
Kriter 3 | a3, = 1/a43 | as, = 1/a,3 1 Asn
Kritern | apy = 1/a4,, | Gy = 1/a5, | ans = 1/azy, | --. 1
Ikili kargilastirma matrisleri normalize edilir. Bu aj; = naif (1)
normalizasyon islemi matristeki her elemana Esitlik (1)’in 7 Ekiay

uygulanmastyla elde edilir.
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Adim 3: Her bir siitununun toplami 1 olan normalize
edilmis matrisin her bir satir toplami, Esitlik (2) ile, matris
boyutuna bdliinerek ortalamast alinir ve her bir kriter igin
onem agirliklar1 hesaplanir. Bu agirliklara oncelik vektorii
denir.

wi = (3) 2, af, 2

Adim 4: Takipteki islemlerin sonunda tutarlilik orani
hesaplanir (Millet&Saaty, 2000; Ozbek&Eren, 2013; Souissi
vd., 2020).

i,j=12,..,n

1 > oaiiw; N 5
N Ondegen) ()
Cl = tmat (Tutarhlik indeksi) (4)
CR = % (Tutarlilik orant) (5)

CR<0,10 olan matrislerin tutarli oldugu kanaatine varilir.
Burada RI “Random Index” degeridir. Boyutu en ¢cok 15 olan
matrisler i¢cin hesaplanmigtir. Bir karar verme probleminde
kriter sayis1 ¢ok fazla ise tiim kriterlerin birlikte
degerlendirilmesi sonucunda tutarli sonug elde etme olasilig1
zayiflamaktadir (Kwiesielewicz&Van Uden, 2004). Tablo
2.3 ile ikili karsilastirma matrisleri igin RI degerleri
verilmistir.

Adim 5: Amaca gore kiimelerin kendi aralarindaki etkileri
degerlendirilerek &ncelik vektorleri olusturulur. Oncelik
vektorleri Esitlik (6) ile verilen bir matrisle bir araya
getirilerek B boyutunda bir kiime agirliklari matrisi veya
karar matrisi (Q) elde edilir (Ozbek, 2017).

[ e
Q=|QL1 qij - Qi.3| (6)
lg51 G5j - qppl

Adim 6: AAS ydnteminde, karar aginda bulunan tiim
kiimeler, elemanlar ve bunlar arasindaki her tiirlii etkilesim,
oncelik vektorlerinden olusan siipermatriste gosterilir (Saaty,
2001). Pargal1 bir matris olan siipermatrisin her bir boliimii,
bir sistemdeki iki faktor arasinda olan iligkiyi temsil eder.

Bir kiimedeki elemanlarin herhangi biri bagka bir
kiimenin elemanlarin1 etkilemiyorsa, agirliklandirilmamig
stipermatriste ilgili yerlere sifir yazilir. Agirliklandirilmamis
siipermatrisin her bir W;; blogu Esitlik (7) ile verilen bir
matris yapisina sahiptir (Peters&Zelewski, 2008).

[Wiy Wiy, Wi jg]
wiy=| Vi Wi Vi) g
Wiis Wi, Wi, ]

Adim 7: Hiyerarsik bir yapida agirliklandirilmis ve
agirliklandirilmamis siipermatrisler birbirine esittir (Saaty,
2004). Bu nedenle karar ag1 hiyerarsik bir yapida
olmadiginda, Esitlik (8)’deki islemle agirliklandirilmis siiper
matris olusturulur. Bu matris stokastik olmali ve normalize
edilmelidir (Niemira&Saaty, 2004; Peters&Zelewski, 2008;
Ozbek, 2012).

Wii*qi1 Wiz *qis Wig *qip
pun | Waa * @1 Was %Gz Wap * Q28 (8)
Wg1*qg1 Wga*qgp, Wep * qps

Adim 8: Kriterlerin ve karar seceneklerinin 6nceliklerini
belirlemek igin limit siipermatris hesaplanir. Bunun igin,
matrisin satirlart duraganlasacak kadar biiyiik bir n sayisi
belirlenerek,  agirliklandirilmig  siipermatrisin ~ n.inci
dereceden kuvveti almir (Saaty, 2001; Ozbek, 2017).

Adim 9: Limit siipermatristeki karar segeneklerine ait
oncelikler azalan sirayla dizilir ve en iyi segenek belirlenmis
olur (Peters&Zelewski, 2008).

2.1. Bulamk AAS

AAS yonteminde karar vericiler, karar seceneklerini
degerlendirirken belirsizlik ve kararsizlik ile karsilagabilirler.
Bu belirsizlik ve kararsizligin bulamik bir ortamda
¢ozlimlenebilmesi i¢in bulanik AAS yontemi gelistirilmistir.

Tablo 2.3. ikili karsilastirma matrisleri i¢in RI degerleri (Ozbek, 2017)

n 1 2 3 4 5 6 7
RI 0 0 058 09

8 9 10 11 12 13 14 15

1,12 124 132 141 145 149 151 153 156 157 1,59

Tablo 2.4. Bulanik karsilagtirma 6l¢egi (Laarhoven&Pedrycz, 1983)

FAHS (iiggen bulanik say1 tipi i¢in)

Dilsel degisken Olgek Karsit 6lgek
Esit derecede dnemli 1,1,1) 1,1,1)

Orta derecede dnemli (2,3,4) (1/4, 113, 1/2)
Kuvvetli derecede dnemli (4,5, 6) (1/6, 1/5, 1/4)
Cok kuvvetli derecede onemli (6,7,8) (1/8, 177, 1/6)
Mutlak derecede 6nemli 9,9,9 (179, 1/9, 1/9)

1,2,3) (1/3,1/2,1)
. (3,4,5) (1/5, 1/4, 1/3)

Ara degerler

(5,6,7) (1/7, 1/6, 1/5)
(7,8,9) (1/9, 1/8, 1/7)
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AAS yonteminde oOnce tim dis bagimliliklar, ic
bagimliliklar ve geri beslemeler goz Oniine alinarak karar
aginin yapisi olusturulur (Paksoy vd., 2013). Ardindan, karar
verme problemine iliskin ana kriterler, alt kriterler ve
alternatifler, karar vericiler tarafindan degerlendirilerek ikili
karsilagtirmalar  yapilir  (Bakir&Atalik, 2021). Bu
karsilagtirmalar i¢in, Tablo 2.1 iiggen bulanik sayilara
uyarlanarak kullanilmaktadir. Bu 6l¢cek Tablo 2.3’te
verilmistir

X = {x1, x5, ..., x,} nesneler kiimesi ve U = {uy, uy, ..., U}
amaclar kiimesi olmak {izere, her bir nesneye her bir amag
(g;) icin genisletme analizi uygulanir. Genisletme ifadesi ile
bu nesnenin amaci ne kadar gerceklestirdigi ifade
edilmektedir. Sonugta, her bir nesne i¢in m tane genisletme
analizi degeri Mli,Mjl., woMPLi=1,2,..,n elde edilir.
Méi, j=1,2,...,m degerlerinin hepsi iiggen bulanik sayidir
ve My, = (a;, by, ¢;) bigiminde temsil edilir. Chang (1996)’in
genisletme analizi yontemi asagidaki islem adimlart ile
gerceklestirilir.

Adim 1: i. amaca gore bulanik sentetik genisletme degeri
Esitlik 9 ile elde edilir.

Si = ;n=1 Méi [Z?ﬂ Zzn=1 Méi ©)

;"leéi degerini bulmak i¢cin m tane genisletme analizine

sirastyla  Esitlik 10, 11 ve 12 ile verilen islemler

gerceklestirilir.

Xt Méz = (2?1:1 a;, Xjz1 by, Xty ) (10)
=1 X7 My, = (2721, B by, X ) (11)
n oym g1t _( 1 1 1 )

[Zl=12]:1 Mgi - Z;'l=1cj’z}l=1bj’2‘;‘l=1aj (12)

Bulanik sayilarin karsilagtirilmasi igin, bulanik sentetik
degerlerin kullanilmastyla hiyerarsinin her bir seviyesindeki
elemanlarin agirlik vektorleri elde edilir (Paksoy vd., 2013).

Burada d, py, Ve py, arasindaki en yiiksek kesisim
noktast olan D’nin ordinatidir. M; ve M, ’yi karsilastirmak
icin  hem V(M,=M,) hem de V(M;=M,)
hesaplanmalidir. Bu adima iliskin islemler Sekil 2.3 ile
gosterilmistir (Chang, 1996).

Adim 3: Konveks bir M bulanik sayisinin k tane M; (i =
1,2,..,k) bulanik sayidan biiylik olabilirliginin derecesi
Esitlik 14 ile hesaplanir.

V(M > My, My, .., M) =minV(M > M,),i=1,2,...k  (14)

Burada, k=1,2,..,n;i # k olmak iizere d'(4;) =
minV (S; = S;) varsaymm yapilarak Esitlik 15’te verilen
bulanik olmayan agirlik vektorii elde edilir.

! ! I ! T
W' = (d'(4)),d'(Az), ..., d'(4y)) (15)
Agirlik vektorii normalize edilerek Esitlik 16 elde edilir
(Karakus vd., 2019).

W = (d(4,),d(4y), ..., d(4,))" (16)

Adim 4: 11k ii¢ adim tiim (ana ve alt) kriterlerin ve her bir
alternatifin her bir alt kritere gore degerlendirildigi ikili
kargilagtirma matrislerinden yararlanarak, alternatiflerin
agirliklarini belirlemek igin tekrarlanir.

Adim 5: Karar aginda birbirini etkiledigi belirlenen tim
kriterler i¢in ilk ti¢ adim uygulanir.

Adim 6: Adim 4 ve 5’ten elde edilen agirliklar
kullanilarak agirliklandirilmis ve limit siiper matrisler
sirasiyla Egsitlik 7 ve 8’deki gibi elde edilir. Her bir karar
seceneginin &nceligi belirlenir. Oncelikler azalan sirayla
yazilir ~ve en iyi  karar  segenegi  belirlenir
(Karagsan&Kahraman, 2019).

3. UYGULAMA

En Onemli yenilenebilir dogal kaynaklarimizdan biri
meralarimizdir (Altin vd., 2011). Meralarimizin sosyal,
ekonomik ve cevresel faydalarini ortaya koymak igin
vejetasyon etiitleri vasitasiyla meralar1 siniflamak ve mera
smiflarina uygun 1slah ve yonetim modelleri olugturmak igin
TAGEM koordinatorliigiinde bir¢ok calisma yiiriitiilmiistiir

Adlm 2: M2 = (az, bz, CZ) > M1 = (al, bll Cl) ’in
olabilirlik derecesi Esitlik 13 ile elde edilir. 3.1. Veriler
Sup ,
VM, 2 M) =y, > [mm (“Mlm'“Mz(y))]
= hgt(M; N M) = By g
1, b, = by
i 1 ( : a; =c, (13)
ai—cy e
(bz—c2)—(by—ay)’ diger.
(Gokkus vd., 2011; Aydogdu vd., 2020).
Mt My M,
1
V(M, = M,)
0 » M
a, by s d [N b, Cz

Sekil 2.3. M, ve M, kesisimi
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Bu calismanin uygulama verisi de yine TAGEM
koordinatorliiginde yiiriitillen “Mera Varligmin ve Mera
Durum Siniflarinin Belirlenmesi Projesi” isimli projeden elde
edilmistir (Aydogdu vd., 2020). Canakkale’ye bagh 11
ilcenin her birinden dort vejetasyon drneklemesi yapilmistir.
Ornekleme sonuglarmin (birim alanda goriilen tiir orani)
aritmetik ortalamalar1 alinarak Tablo 3.1 olusturulmustur.

Tablo 2.1’in son iki siitununda sirasiyla doruk tiir orani ve
mera durum simniflar1 bulunmaktadir. Mera durum siniflari,
vejetasyon verilerine gore meralarin durumunu belirtir
(Gokkus vd., 2011). Mera durum siiflarinin belirlenmesinde
kullanilan birkag yontem mevcuttur. Bunlardan biri de
vejetasyon verilerine gore doruk tiir (klimaks) orani
hesaplanarak meralarin  simiflanmasidir. Bu yontemde,
botanik kompozisyonda yer alan azalici ve ¢ogalici tiir
oranlart (gdzlenen ot sayisi degil tlir sayisi) toplanarak

(cogalict tiir oran1 %20°den fazla ise hesaplamaya %20 olarak
dahil edilir) doruk tiir oran1 belirlenir. Mera, eger doruk tiir
oranmt %25’ten kiigiikse zayif, %26-50 araligindaysa orta,
%51-75 araligindaysa iyi ve %76-100 araligindaysa ¢ok iyi
durum smifindadir (Altin vd., 2011). Azalic1 ve ¢ogalict tiir
oranlarinin mera durum simifi {izerinde olumlu, istilac1 tiir
oraninin ise olumsuz bir etkisi vardir (Aydogdu vd., 2020).
Bu ¢aligmada azalic1 ve ¢ogalict tiir oranlar1 fayda, istilaci tiir
orani da maliyet yonlii kriterler ve ilgeler de karar secenekleri
olarak ele alinmustir. Azalici, g¢ogalici ve istilact tiir
oranlarmin toplamt her bir ilge i¢in 1’e esittir. Yani bu ii¢
kriterin herhangi birindeki degisim digerlerini etkilemektedir.
Dolayisiyla bu c¢alismada AAS ve bulamk AAS
yontemlerinin  kullanilmast  uygundur  (Rahiminezhad
Galankashi vd., 2020). Bu karar verme probleminin ag yapisi
Sekil 3.1 ile verilmistir.

Tablo 3.1. Mera durum siniflarimi etkileyen faktorlerin ilgelere gore dagilimi

flge Azalic1 Tiir (%) Cogalict Tiir (%) Istilact Tiir (%) Klimaks M.D.S.
Merkez 24.29575 7.1235 68.58075 31.41925 Orta
Ezine 8.9135 18.8345 72.2525 27.748 Orta
Lapseki 9.7615 48715 85.367 14.633 Zayif
Gokgeada 6.25575 8.59325 85.151 14.849 Zayif
Ayvacik 8.698 17.704 73.598 26.402 Orta
Bayramig 10.12425 9.4665 80.40925 19.59075 Zayif
Gelibolu 6.5305 20.311 73.1585 26.5305 Orta
Eceabat 7.41325 8.06575 84.521 15.479 Zayif
Biga 18.2735 16.89775 64.82875 35.17125 Orta
Yenice 9.305 13.0095 77.6855 22.3145 Zayif
Can 12.57475 5.67175 81.753 18.2465 Zayif

Amag: Mera kalitesine gore Canakkale ilgelerini siralamak

Cogalic tiir oranu

Azalici tiir oram

M||E L{|G]||A
E Z AllO|lY
R I P|l||K||IV
K|IN[IS||C||A
E E E E||C
Z K|l|lA I

I D||K

A

Istilact tiir orani

QO W—~HTOR
HpPpwWweEmOm
Z e 0

Sekil 3.1. Karar verme probleminin ag yapisi
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3.2. Problemin AAS ile ¢oziimii

Anlatimin kisa olmas1 adina sadece kriterlerin ve azalici
tiir oran1 kriteri i¢in karar segeneklerinin ikili karsilagtirma
matrislerine yer verilmistir. Ikili karsilastirma matrislerinin
normallestirilmesi ve tutarlilik islemlerinin ayrintilarina yer
verilmemistir. Arastirmaci grup (tek karar verici) gorisi ile
kriterlerin  ikili  karsilastirma  matrisi  Tablo 3.2
olusturulmustur. Kriterlerin her biri i¢in karar segeneklerinin
ikili karsilagtirma matrisleri Tablo 3.1’in Tablo 2.1’¢
uyarlanmasi ile elde edilmistir.

Tutarlilik orani hesaplanirken, Tablo 3.2 {i¢ ve Tablo 3.3
on bir boyutlu matrisler oldugundan, RI degerleri Tablo
2.3’ten swrastyla 0,58 ve 1,51 olarak almmistir. Hem
kriterlerin hem de kriterler i¢in karar segeneklerinin ikili
karsilagtirma matrisleri tutarli bulunmustur (CR<0,10).
Esitlik 6 ile tanimlanan karar matrisi Tablo 3.4 ile verilmistir.

Hiyerarsik bir ag yapisi olmadigindan,
agirliklandirilmamis normalize siipermatris Tablo 3.5’te yer
almaktadir. Agirliklandirilmamis normalize silipermatrisin
101.inci dereceden kuvveti alinarak elde edilen limit
stipermatris Tablo 3.6’da yer almaktadir. Kalite siitununda
yer alan koyu yazilmig oOncelikler biiyiikten kiigiige
siralanarak aranan AAS siralamasi elde edilir.

3.3. Problemin Bulanik AAS ile Coziimii

(a, b, ¢) licgen bulanik say1y1 temsil etmek iizere, Tablo
3.2’nin Tablo 2.3’e uyarlanmasiyla kriterlerin bulanik ikili
kargilagtirma matrisleri ve bulanik olmayan (durulastirilmig)
kriter agirliklar1 takipte verilmistir. Metnin sadeligi acisindan
bulanik ikili karsilastirma islemlerindeki sentetik degerlerin
hesab1 ve bu degerler lizerinden durulastirilmig olasiliklarin
elde edilmesi islemlerine yer verilmemistir.

Tablo 3.2. Kriterlerin ikili karsilagtirilmasi

Azalicitir  Cogalici tiir  Istilact tiir ~ Agirlik (W)
Azalica tiir 1 3 S 0.647947
Cogalic tiir 1/3 1 2 0.229871
Istilact tiir 1/5 12 1 0.122182

Tablo 3.3. Azalict tiir kriterine gore segeneklerin ikili karsilastirilmasi

Merke Ezin Lapsek Gokgead Ayvac Bayram Gelibo Eceab Biga  Yenic Can Agir
Merkez 1 4 4 5 4 3 5 5 1 4 2 0.21
Ezine 1/4 1 1 2 1 1/2 2 2 1/4 1 1/3 0.05
Lapseki ~ 1/4 1 1 2 1 1/2 2 2 1/4 1 1/3  0.05
Gokgead 1/5 1/2 12 1 12 1/3 1 1 1/5 12 1/4 0.03
Ayvacik 1/4 1 1 2 1 1/2 2 2 1/4 1 1/3 0.05
Bayrami 1/3 2 2 3 2 1 3 3 1/3 2 1/2 0.09
Gelibolu 1/5 1/2 1/2 1 1/2 1/3 1 1 1/5 1/2 1/4 0.03
Eceabat 1/5 1/2 1/2 1 1/2 1/3 1 1 1/5 1/2 1/4 0.03
Biga 1 5 4 3 5 5 1 4 2 0.21
Yenice 1/4 1 1 2 1 1/2 2 2 1/4 1 1/3 0.05
Can 1/2 3 3 4 3 2 4 4 1/2 3 1 0.14
Tablo 3.4. Karar matrisi

Azalict Cogalict Istilact

Merkez 0.21504029  0.032198472  0.013587204

Ezine 0.05717333  0.183122613  0.023713473

Lapseki 0.05717333  0.015778356  0.192385201

Gokgeada  0.03329285  0.032198472  0.192385201

Ayvacik 0.05717333  0.183122613  0.034610651

Bayrami¢  0.09577312  0.049023195  0.093681525

Gelibolu 0.03329285  0.258338777  0.034610651

Eceabat 0.03329285  0.032198472  0.192385201

Biga 0.21504029 0.09618181 0.023713473

Yenice 0.05717333 0.09618181 0.067952047

Can 0.14557444  0.021655408  0.130975374
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Tabloya gore ¢ogalict tiir oraninin agirlig sifir ve istilact
tir oraninin agirligi da sifira yakindir. Dolayisiyla burada
azalic1 tiir oran1 {izerinden Oncelikler belirlenebilir. Ancak
yine de her ii¢ kriter icin de ilgelerin bulanik ikili
kargilagtirmalart yapilmistir. Azalici tiir orant kriteri i¢in
ilgelerin ikili karsilastirma matrisi Tablo 3.8 ile verilmistir.
Diger ikili karsilagtirmalara yer verilmemistir.

Problemin hiyerarsik bir ag yapisi olmadigindan, bulanik
AAS igin agirliklandirilmamis normalize siipermatris Tablo
3.9’da ve onun 10l.inci dereceden kuvveti alinarak elde
edilen limit slipermatris Tablo 3.10’da yer almaktadir

4. SONUC

Calismada klasik ve bulanik AAS yontemleri agiklanmis
ve sayisal bir 6rnek lizerinden uygulanmistir.

Uygulamada Canakkale’nin on bir ilgesi mera kalitesi
bakimindan 11 vejetasyon faktorii géz oniine alinarak AAS
ve bulanik AAS yontemleri ile degerlendirilmistir. Her iki
yontemde elde edilen siralamalar Tablo 3.11°dedir.

Tablo 3.11. AAS ve Bulanik AAS yontemleri i¢in elde edilen
nihai siralamalar

Sira AAS Bulanik AAS

1 Biga Biga

2 Merkez Merkez
3 Can Can

4 Ayvacik Bayramig
5 Gelibolu Eceabat
6  Bayramic Lapseki
7 Ezine Gokeeada
8 Yenice Yenice
9 Lapseki Ayvacik
10 Eceabat Gelibolu
11 Gokgeada Ezine

Tablo 3.1°e gore, her iki yontemle de elde edilen ilk ii¢
sira aynidir. Biga’nin en iyi mera kalitesine sahip il¢e olmast,
Merkez ve Can’in mera kalitesinin ise diger ilgelere gore daha
iyi olmasi drneklemeyi yapan arastirmaci ekibin beklentisi ile
aynidir (Aydogdu vd., 2020). Diger ilgelerin siralamalar1
degismektedir. Tablo 3.6 ve 3.10 da verilen koyu renkli
oncelikler incelendiginde, ilk ii¢ siranin disindaki ilgelerin
oncelik degerlerinin birbirine yakin olmakla birlikte diisiik
degerler olduklar1 goriilmektedir. Dolayisiyla iki yonteme
iliskin sonuglarin, ilk ¢ sira haricindekilerin farkl
bulunmalarinin nedeni, mera kalitelerinin birbirine yakin ve
zay1lf olmalar1 oldugu kanisina varilmistir. Yine de her bir
ilcede ornekleme yapilan istasyon sayisi dolayisiyla
vejetasyon Ornegi sayisi artirilirsa siralamalarin birbirine
daha ¢ok benzeyecegi tahmin edilmektedir.

Tablo 3.1°de verilen mera durum siniflari ile bu calismada
elde edilen siralamalar incelendiginde bazi ilgelerin mera
durumlarinin = daha ayrmtili  ele almmast  gerektigi
goriilmektedir. Birim alandaki ot verimine degil gézlenen tiir
sayisina gore belirlenen mera durum siniflart tek basina
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degerlendirildiginde, Can ilgesinin mera durum sinifi zayif
olarak belirlenmistir. Oysa hem AAS ve bulanik AAS
siralamalart hem de Gokkus vd. (2011) ve Aydogdu et al.
(2020) Can’1n siralamada tistlerde oldugunu belirtmistir. Bu
nedenle bu calisma ile, benzer aragtirmalarin (mera durum
smiflarinin ~ belirlenmesi) CKKV ~ yontemleri  ile
desteklenmesi 6nerilmektedir.

Bulanik AAS’nin AAS’ye nazaran avantajli oldugu
durumlar s6z konusu olabilmektedir. Bunlarin basinda da
bulanik AAS yo6nteminin ikili karsilagtirma siirecinde ortaya
cikabilecek belirsizlik ve kesin olmama hallerini daha iyi
modelleyebilmesi gelmektedir (Musdal, 2007). Ancak, bu
calisma i¢in hem klasik hem de bulanik AAS yontemi ile elde
edilen siralamalarin kullanilmasi uygun goriilmektedir.

Bu ¢aligma ile, deneysel verilere de CKKV yontemlerinin
uygulanabilirligi ve iyi sonuglar verdigi goriilmiistiir. Bundan
sonraki c¢aligmalarda farkli CKKV yontemlerinin benzer
deneysel verilere uygulanmasi planlanmaktadir.
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Tablo 3.7. Kriterlerin bulanik ikili kargilagtirma matrisi

Agirlik (W)

Istilact tiir
b

Cogalict tiir

Azalici tiir

0.9976
0.0000
0.0024

6
1
1

1
1/4
1/6

Azalic tiir

172

1/3

172
1/4

1/3
1/5

Cogalict tiir

Istilaci tiir
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Abstract: In this study, groove-shaped cavities were created with Nd: YAG laser on ZAMAK 5
plates, which have been used frequently in the industry for many years. The necessary laser
parameters have been optimized so that the created cavity floor has a homogeneous depth. The
effects of the beam diameter, laser energy, shielding gas type, and duration of the single pulse of
Nd: YAG laser used on the roughness in the cavity were tried to be optimized. It was used for
optimization. According to the ANOVA table, the optimum parameters are “580um, 7J, Nitrogen,
7 ms for spot diameter of spot, the energy of single spot, type of ambient gas and a spot of single
pulse respectively. The Taguchi method also indicates how effective the laser parameters used are
in obtaining the desired surface. It has been concluded that the ambient gas used is the most
important parameter in this study. The effect rate was obtained as 74.90 %. Then, laser spot
diameter and pulse energy and lastly pulse duration are fewer effective parameters respectively.

ZAMAK 5'te Piiriizsiiz Oluk Tabam I¢in Gerekli Lazer Parametrelerinin Taguchi Yontemi

ile Optimizasyonu

Anahtar Kelimeler:
Lazer isleme,
ZAMAKS,

Nd:YAG Lazer,
Optimizasyon,
Lazer Ablasyon,
Taguchi Metodu

Ozet: Bu calismada uzun yillardir sektorde siklikla kullanilan ZAMAK 5 plakalar iizerinde Nd:
YAG lazer ile oluk seklinde kaviteler olusturulmustur. Olusturulan kavite tabaninin homojen bir
derinlige sahip olmasi igin gerekli lazer parametreleri optimize edilmistir. Kullanilan Nd: YAG
lazerin 151 capi, lazer enerjisi, koruyucu gaz tipi ve tek atim siiresinin kavite piirlizliligi
tizerindeki etkileri optimize edilmeye calisilmistir. ANOVA tablosuna gore, spot ¢api, tek spot
enerjisi, ortam gazi tiirii ve tek darbe spotu i¢in optimum parametreler sirasiyla “580pm, 7J,
Nitrogen, 7 ms'dir. Taguchi yontemi, kullanilan lazer parametrelerinin istenilen yilizeyin elde
edilmesinde ne kadar etkili oldugunu da gostermektedir. Kullanilan ortam gazinin bu ¢alismada en
o6nemli parametre oldugu sonucuna varilmistir. Etki oran1 %74.90 olarak elde edilmistir. Daha sonra
sirastyla lazer spot ¢ap1 ve atim enerjisi ve son olarak atim siiresi daha az etkili parametrelerdir.
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1. INTRODUCTION

Considering its density and durability, Zinc (Zn), which is
superior to polymers, also comes to the fore with its
durability. Zn alloys have been widely preferred by
application in marine, aerospace, and especially automotive
industries due to their superior properties (Zhang et al., 2019).
Zamak is used in various places in the car, from seat belts,
airbags, engine covers, gearbox parts, and control groups to
brackets and carriers. Aluminum and copper content in the
ZnAl4Cul (Zamak 5) alloy improves mechanical
strengthening (Vojtech et al., 2011). Among Zn alloys,
Zamak is used in many small parts of automobiles during the
casting process since Zamak can be easily shaped,
electroplated, wet painted, and chromate conversion coated
well. Besides Zamak is used in various places in the car such
as seat belts, airbags, engine covers, gearbox parts, control
groups, brackets, and carriers, it is also used in door hinges
and locks, door handle bodies, various garden equipment,
refrigerator door handle, and shelf brackets, washing machine
hinges, various parts of gas and electrical appliances, etc.
Some properties of materials such as bonding, joining, and
friction can be improved by treating their surface (Etsion,
2005). Creating patterns on a surface such as a groove,
dimple, etc, can be improved on the surface of the
unmachining material. The properties of the surfaces can be
changed by manipulating the surface roughness in accordance
with the purpose such as the wettability (Kubiak et al., 2011;
Holmberg et al., 1998; Perveen and Feng, 2017; Raeesi etal.,
2013), friction (Kubiak et al., 2011; Menezes et al., 2009;
Kubiak and Mathia, 2009), joining and bonding (Somekaw
and Higashi, 2003; Hirose et al., 2006; Cardella et al., 2004;
Chenetal., 2014, Yilbas, 1987), etc. The joining and bonding
properties of the surfaces are very tightly dependent on the
roughness of the surface (Somekaw and Higashi, 2003).
Hiroshe et al demonstrated the effect of surface roughness on
the bonding of surfaces with their studies (Hirose et al.,
2006). Similarly, Cardela et al also numerically demonstrated
the effects of roughness on HIP bonding (Cardella et al.,
2004). For some functional or aesthetic reasons, it is
necessary to make the alloy surface with the desired
properties before processes such as chroming or varnishing.
The surface of Zink and its alloys are treated with different
kinds of techniques. Although the materials and their surfaces
can be processed with various methods, two important

features such the precision of the processed surface and the
cost of surface treatment, bring LST to the fore in the
processing of surfaces with Laser Surface Texturing (LST)
(Etsion, 2005). Since the laser parameters can be controlled
very widely, the laser parameters can be adjusted
appropriately to avoid undesirable situations such as heat
deformation when processing with Surface Texturing (LST).
In material processing using laser, many parameters affect the
result at different rates. Both the parameter selection and the
effect of the selected parameters on the result have a great role
in the product obtained. For this reason, this study has two
main aims. The first is to find out which levels of the selected
parameters will give the best results. The second aim is to
determine the effect ratios of the selected parameters.
Determining the effect ratios will facilitate parameter
selection in similar studies from now on.

Each of the laser parameters used can affect the result
differently, albeit to a different extent. Changing the focus
position up or down effects the spot diameter of the material.
As a result, the intensity of the laser beam decreases or
increases. Similarly, the laser beam energy is directly related
to the amount of energy transferred to the material. In order
to prevent the burning of materials with a laser or to control
the desired or desired chemical reactions on the surface, trials
are usually carried out in a gaseous environment. In this
study, the effects of the gases used on the cavity roughness
were investigated. Laser pulse duration is one of the
important  parameters in  laser-material interaction.
Controlling the pulse duration, energy transfer to the laser,
and heating-cooling times affect the shape of the cavity
formed.

In this study, the above-mentioned four parameters were
examined at three levels. In classical experimental systems,
3%=81 experiments should be performed for this examination
and the results of these experiments should be analyzed.
Instead, by using the Taguchi Optimization Method, an
optimum result can be obtained with a total of 10 trials and
analyses, including a confirmation experiment in addition to
9 experiments. In addition, the effects of these parameters on
the desired result can be calculated (Yilbas, 1987; Yang and
Tarng, 1988; Pana et al., 2004).

2. MATERIAL AND METHOD
2.1. Taguchi Method

The steps to be followed in a study to be carried out
according to the Taguchi Experimental Design technique are
as follows (Yang and Tarng, 198):

1. Selection of factors and evaluation of their
interactions.

2. Determination of the levels of factors.

3. Choosing the right balanced design.

4. Matching the factors and/or their interactions with
the columns in the balanced experimental setup.

5. Analysis of results.

6. Conducting confirmation experiments.

The signal value used in the Taguchi method represents
the actual value given by the system and intended to be
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measured, and the noise factor represents the share of
undesirable factors in the measured value. In the calculation
of the signal/noise ratio, the quality value aimed to be
achieved as a result of the experiments is also important.
There are three main categories here:

* low value is the best (target to reach the lowest value)
* high value is the best (the goal is to reach the highest value)
» nominal value is the best (target is to reach a nominal value)

2.2. Material and Analysis

A pulsed Nd: YAG (neodymium-doped yttrium
aluminum garnet) laser has a maximum scanning speed of
500 Hz. The duration of a single pulse can be adjusted from
0.3 ms to 50 ms. It was used to create grooves on the surface
of the examined material. The focus diameter is 400 pm
which is the minimum value. When the laser beam is focused
on 1, 2, and 3 mm on the material, the spot diameter is 580,
730, and 930 um, respectively. The energy of each pulse was
also adjusted to be 10, 15, and 20 J. Experiments were also
carried out in an environment of pure oxygen and nitrogen
beside the air environment. The pulse durations of the pulses
are arranged as 3, 5, and 7 ms. To reduce possible errors, 5 of
each groove were made. The obtained surfaces were
examined with a high-resolution microscope and a
profilometer. The parameters used in the experiments and the
levels of these parameters are given in Table 1. As seen in the
table, 3 levels of 4 independent laser parameters were
examined.

Table 1. Parameters of experiment and levels

1 2 3
Diameter of single spot (um) 600 750 950
Energy of single pulse (J) 5 10 15
Type of ambient gas 02 Ni Air

Duration of asingle pulse (ms) 10 15 20

As seen in Table 2, experiments were designed according
to using the parameters suggested by Taguchi Method

Table 2. Experiment sets

Experiment Diameter Energy Type of  Duration

no of spot of single  ambient of asingle
(um) pulse (J) gas pulse
(ms)
1 600 5 02 10
2 600 10 N 15
3 600 15 Air 20
4 750 5 N 20
5 750 10 Air 10
6 750 15 02 15
7 950 5 Air 15
8 950 10 02 20
9 950 15 N 10

3. RESULTS AND DISCUSSION

After the surfaces were processed with laser, profilometer
images of each surface were examined and roughness was
calculated from the images. Based on the surface average of
the cavity floor, the peaks are positive and the deeps are
negative, relative to the average. Accordingly, the nominal
value for the desired roughness is defined as zero. Laser
parameters that give zero value for the surface roughness are
the perfect values. So, laser parameters that also give the
surface roughness value closest to zero can also be defined as
optimum parameters. According to the Taguchi method, the
signal-to-noise ratio for nominal the best characteristics can
be calculated with Eqgn. 1.

S/NNB = —10log4o E Yic (i — m)z] @

The roughness values of the bottoms of the cavities
obtained as a result of the experiments with the parameter
levels given in Table 2 are given in Table 3. These roughness
values and the signal-to-noise ratios are made according to
Eqn. (1) are also shown in Table 3. The statistical reliability
of results can be obtained with the summing of the sum of
squares, using Eq. (2) as seen in Table 4.

$Sr=Yri(n,—n,) @)

Table 3. Measured values Roughness with calculated S/N

Exp. Surface Roughness Measurements

no 1% 2nd 3h 4th 5t mean(pum) S/N

1 100.52 96.45 98.28 109.36 104.32 101.79 -40.16
2 -15.16 -55.23 -41.32 -51.12 -45.15 -41.60 -32.85
3 61.23 51.28 46.28 55.16 50.48 52.89 -34.51
4 45.14 35.32 39.15 51.14 39.98 42.15 -32.57
5 88.15 81.25 77.56 74.12 88.15 81.85 -38.28
6 100.23 101.25 99.84 88.89 110.25 100.09 -40.03
7 85.25 98.95 105.12 101.12 90.25 96.14 -39.68
8 210.36 205.18 89.25 220.12 216.25 188.23 -45.79
9 51.23 54.15 46.25 45.12 65.23 52.40 -34.47
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Table 4. ANOVA table for optimum roughness. (EoF), (OL) and (OV) represent, Effect of factors, Optimum levels, and

Optimum Value respectively

Average S/N
1st level 2nd 3rd Dot SS; Variance EoF oL ov
level level

Spot Diameter -35.84 -36.96  -39.98 4 27.51 6.88 18.15 1 600um
Pulse Energy -37.47 -38.97  -36.33 4 10.51 2.63 6.94 3 15
Gas Type -41.99 -33.30  -37.49 4 113,51 28.38 74.90 2 N
Pulse Duration -37.64 -37.52  -37.62 4 0.02 0.01 0.02 2 15 ms
Total -37.59 151.55 100
Optimum S/N -30.21
Optimum roughness 33.40

The highest levels and values expected S/N were
calculated and presented in Table 4.

— j
N= 1y + Xiza(m; = 1) ®)
The effect rate was obtained as 74.90 % for the type of
ambient gas as the most important parameter. Then, laser spot
diameter and pulse energy and lastly pulse duration are less
effective parameters respectively as seen in Table 4.

A confirmation experiment was conducted with the
parameters suggested by the method to obtain the best result,
600 pm for focus spot diameter, 15 J for the energy of a single
pulse, Nitrogen for the type of ambient gas, and 15 ms for the
duration of a single pulse. The roughness was calculated as
37.43 on the images of the cavity floor obtained as a result of
the verification experiment with a profilometer. Although this
result is not better than the result predicted by the Taguchi
method, it is a better result than the results obtained with the
previous 9 experiments.

4. CONCLUSION

The roughness of the base of the Nd: YAG laser-formed
grooves on the Zamak 5 surface was investigated. In this
study, it is desired that the roughness of the groove floor is
minimum. In this study, it is desired that the roughness of the
gutter base is minimal. Optimum parameters can be obtained
by performing 81 experiments in standard experimental work
for 4 parameters and 3 levels. However, with the Taguchi
method, the parameters giving the best results were obtained
in 9 studies. The result of the confirmation experiment is very
close to the predicted result of the Taguchi method, proving
that the Taguchi method is applicable in similar studies.

In addition, with the Taguchi method, the most important
parameters were determined together with their effective
rates. With this result, the most important parameters can be
considered in future similar studies.
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Ozet: Giderek sanayilesen diinyamizda, birgok canlida oldugu gibi likenler de agir metallere karsi
savunmasiz olduklarindan yogun bi¢imde agir metallere maruz kalmaktadirlar. Bu g¢alismanin amaci
likenlerin agir metallerin olumsuz etkilerine karsi nasil tolerans olusturduklarini, agir metalleri kendi
biinyelerine nasil kattiklarint ve agir metal alimi ile liken tallusu arasindaki iliskileri incelemektir. Bu
kapsamda likenlerin agir metalleri nasil biriktirdigini ve liken metabolizmasinin agir metallere nasil tepki
verdigini bilmek, biyogesitliligin korunmasi i¢in gereklidir. Ayrica biyoizleme ve hatta biyojeokimyasal
siireglerin anlasilmasi i¢in de ipucu niteligindedir. Yapilan biyoizleme galismalarinin sonucu olarak liken
tallusu i¢indeki agir metal miktari iklim, arazi ortiisii ve kirlilik kaynagina olan uzaklik ile iligkilidir ve bu
etmenler liken tilirlerinin dagilimini ve zenginligini etkilemektedir. Likenler agir metalleri absorblama
yeteneklerinden dolay1 ¢ok iyi bir biyoindikator 6zellik gosterirler. Likenlerin bu biyoindikator 6zelligi
sehir planlamasinda, sanayi bélgelerinin olusturulmasinda, kirli alanlarin belirlenmesinde, atmosferik agir
metal kirliligin tespitinde ve belirlenmesinde halk sagligi i¢in 6nemlidir.

Heavy Metal Uptake Mechanisms in Lichens

Anahtar Kelimeler:

Abstract: In our increasingly industrialized world, like many living things, lichens are also vulnerable to

Air pollution, heavy metals and are increasingly exposed to heavy metals. The aim of this study is to examine how
Biomonitoring, lichens tolerate the negative effects of heavy metals, how they incorporate heavy metals into their body
Heavy metal, and the relationship between heavy metal uptake and lichen thallus. In this context, knowing how lichens
Lichen. accumulate heavy metals and how lichen metabolism responds to heavy metals is essential for
biodiversity conservation and is a clue for biomonitoring and even understanding biogeochemical
processes. As a result of the biomonitoring studies, the amount of heavy metals in the lichen thallus is
related to the climate, land cover and distance to the pollution source, and these factors affect the
distribution and richness of lichen species. Lichens show very good bioindicator properties due to their
ability to absorb heavy metals. This bioindicator feature of lichens is important for public health in city
planning, creation of industrial zones, determination of polluted areas, detection and determination of
atmospheric heavy metal pollution.
1. GIRiS 2022). Mineral maddeler daha sonra liken tallusu iginde
veya medulla boslugunda yer degistirir (Sekil 1) (Anderson
Likenler, mantar (mikobiyont) ve vyesil alg veya ve ark., 2022). Canl1 organizmalar, maruz kalma derecesine
siyanobakterilerin ~ (fotobiyont)  bir araya  gelerek ve agir metalin derisimine bagli olarak birgok agir metalin
olusturduklar1 morfolojik ve fizyolojik birlikteliklerdir ~ toksisitesinden etkilenmektedir (Garty, 2001). Likenler de

(Yildiz ve ark., 2008, 2011, 2018). Likenler su ve ¢ozlinmiis
mineral besin maddelerini atmosferden yagis, dogrudan gaz
degisimi ve kuru pargacik yoluyla tallus yiizeyi ile alirlar
(Garty, 2001; Backor ve Fahselt, 2008; Anderson ve ark.,
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diger canlilar gibi agir metallere karsi savunmasizdirlar,
ancak agir metallerin olumsuz etkilerine karsi tolerans
gosterirler (Backor ve Fahselt, 2008). Likenlerin agir
metalleri tallus icerisinde nasil biriktirdigini ve liken
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metabolizmasinin bu elementlere karsi nasil tepki verdigini
bilmek, biyogesitliligin korunmasi igin gereklidir ve
biyoizleme siireclerin anlasilmasi icin ipucu niteligindedir
(Exposito ve ark., 2020).

Likenler agir metalleri biinyelerine alabilmelerine ve agir
metallere karsi yiiksek bir direng gostermelerine ragmen,
likenlerin timii agir metallere karsi toleransli degildir.
Agnan ve ark. (2017) toksik maddelere karsi toleranslarina
gore liken tiirlerinin ayrintili listesini hazirlamislardir (Tablo
1).

Ust korteks «

Alg tabakasi
(Gonidiyum)

Mantar hifleri <=
(Medulla)

Alt korteks =«

4 -Liken tarafindan yakalanmis dogdal partikil
¢ -Liken tarafindan ¢okeltilmis partikil
@ -Fotobiyont hiicre

Sekil 1. Heteromerik liken tallusunun enine Kkesiti
(Anderson ve ark., 2022)

Liken tallusunda bulunan agir metal miktari, iklim, arazi
ortiisii ve kirlilik kaynagina olan uzaklik ile iliskilidir ve
metaller liken tiirlerinin dagilimini ve zenginligini biiyiik
Olciide etkiler (Exposito ve ark., 2020). Likenler yiiksek agir
metal derisimine karsi metalleri hiicre disina aktararak
zararli etkisini tolere ederler. Agir metaller mikobiyont ve
fotobiyont hiicre duvarlarinin  hiicre dist  bolgelerine
baglanirlar (selat kompleksi) ve bu durum Kkirleticilerin
hiicreye  girisini  dnlemede en  Onemli tolerans
mekanizmalardan birisidir. Ayrica agir metallerin organik
asitlerle, oksalat kristalleriyle, liken sekonder metabolitlerle,
polisakkarit ve melanin pigmentleriyle baglanmasi diger bir
bilinen detoksifikasyon mekanizmasidir (Sekil 2).

Tablo 1. Atmosferik agir metal kirliligine kars1 dayanikli, orta dayanikli ve hassas liken tiirlerinin listesi (Agnan ve ark., 2017)

Dayanikh (=toleransh) Tiirler

Orta derecede dayamkh Tiirler

Duyarh Tiirler

Acrocordia gemmata

Amandinea punctata

Caloplaca ferruginea

Arthonia radiata
Calicium salicinum
Cladonia fimbriata
Dendrographa decolorans
Graphis scripta
Lecanactis subabietina
Lecanora allophana
Lepraria incana
Melanohalea exasperatula
Ochrolechia androgyna
Ochrolechia pallescens subsp. parella
Pertusaria albescens
Pertusaria amara
Pertusaria leioplaca
Physcia tenella

Schismatomma cretaceum

Buellia disciformis
Chrysothrix candelaris
Lecanora argentata
Lecanora barkmaniana
Lecanora carpinea
Lecanora chlarotera
Lecanora conizaeoides
Lecanora expallens
Lecidella elaeochroma
Melanelixia glabratula
Ochrolechia turneri

Parmelia sulcata

Parmelina carporrhizans

Phlyctis argena

Xanthoria parietina

Evernia prunastri
Hypogymnia physodes
Pertusaria coccodes
Physcia adscendens
Physconia distorta
Pleurosticta acetabulum
Pseudevernia furfuracea
Ramalina farinacea

Usnea sp.
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likende
lokalizasyonunun sematik
gosterimi (Honegger, 1997; Sarret ve ark., 1998; Purvis,
2000; Haas ve Purvis, 2006).

Sekil 2. Bir yapraksi olasi metal alim

mekanizmalarinin  ve metal

Liken tallusundaki hiicre i¢i ve hiicre dis1 agir metal
derisim orani likenin tiirline ve elemente baglidir (Rola,
2020). Sekil 2’te numaralar ile gdsterilen mekanizma su
sekildedir;

1-Fosil yakit yanmast ve mineral kaynakli parcaciklar kuru
ve yas birikim yolu ile hiicreler arasi bosluklarda birikir.
Coziinebilir fazlar yoluyla agir metal iyonlart emilir.

2-Hiicre disinda metal oksalat ve metal liken asit- kompleksi
olusur.

3-Agir metal selatlayicr siilfidril gruplarini iceren hiicre ici
fitoselatin  peptitleri,  fotobiyontlarin ~ agir  metal
toksisitesinden korunmasina yardimci olur.

4-Fosil yakit yanmasi ve mineral kaynakli parcaciklar
mantar hiflerinin hiicreler arasi bosluklarinda tutulur ve
hidrofobik mikobiyonttan tiiretilen sekonder metabolitlerle
kaplanmis medulladaki hiflere baglanir. Parcaciklar ayrica
agir metal igeren ¢ozeltilerin hiicre i¢i penetrasyonundan
tallusu koruyan su itici proteinler olan "hidrofobinler" ile
kaplanir.

5-Bu kisimda 2.maddedeki gibi agir metalleri baglayabilen,
kortikal hiicreler tarafindan salgilanan hiicre disi hidrofilik
B-glukanlar1 igeren alt korteks ve agir metalleri emebilen
melaninler siklikla mevcuttur.

6-Agir metal pargaciklart (mineral veya yanma kaynakli)
yiizey akist yoluyla rizinler tarafindan tutularak hiicre
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duvarinin icine ve hiicre digindaki melanize bdlgelerde
emilir (Purvis ve Pawlik-Skowronska, 2008).

1.1. Agir Metaller

Burtis ve Ashwood (2002)’a gore agir metaller, diisiik
miktarlar1 bile bitki ve hayvanlar icin zehir etkisine sahip,
yogunlugu 4,5 g/cm®ten yiiksek olan metallerdir. Agir
metaller ekosistemde kalicidir ve canli organizmalarda
birikmektedir (Yavuz, 2010). Hatta diisiik yogunlukta ve
kisa siire iginde maruz kalman agir metal miktarlar
canlilarda zararli etkiye sahip olabilir. Biyoizleme
arastirmalarinda Cd, Co, Cr, Cu, Fe, Hg, Mn, Mo, Ni, Pb,
Sn, V ve Zn takibi yapilan baglica agir metallerdir (Aras ve
ark., 2008; Garty, 2001).

1.1.1. Dogadaki agir metal kaynaklari

Dogal kaynaklar: Dogadaki agir metallerin baslica
kaynagi, Diinya ylizeyinde ¢Oziinmiis ve asinmis toprak
malzemesi veya volkanik aktivite ile Diinya atmosferine
verilen malzemedir. Bu iki kaynak, tiim dogal kaynaklarin
%80'ini olusturmaktadir; orman yanginlari ve biyojenik
kaynaklar ise geriye kalan %20'lik kismi olusturmaktadir
(Hoodaji ve ark., 2012).

Antropojenik kaynaklar: Genellikle agir metaller ¢evreye
insan kaynakli olarak ii¢ yoldan katilirlar;

1. Atmosferik partikiil birikimi (6rnegin demir-¢elik
fabrikalari, madencilik, eritme, fosil yakit,
belediyelerin atik yakma faaliyetleri, ¢imento
iiretimi ve fosfat madenciligi vb.)

2. Agir metalle zenginlestirilmis kanalizasyon ¢amuru
ve kanalizasyon atiklarinin, ticari giibreler ve
pestisitlerin ve hayvansal atiklarin 6zellikle karasal
ve sucul ortama atilmast

3. Metal madenciligi islemlerinden olusan yan iriinler
(Hoodaji ve ark., 2012)

1.2 Likenlerde Agir Metal Allmimmin Bagh Oldugu
Faktorler

Likenlerin yapisindaki agir metal igerigi atmosfer
kaynaklidir, fakat substrat kaynakli agir metal parcaciklari
da alinmaktadir. Likenlerin tizerinde gelistigi metal icerikli
kayalar ve topraklar, likenin agir metal igeriginin
belirlenmesinde g6z ardi edilmemelidir. Agir metal
parcaciklari tallus yiizeyinde veya hiicreler arasi odaciklarda
uzun siire kalabilirler. Likenler metabolik ihtiyaglarindan
fazla miktarlarda agir metal biriktirirken, hiicre dist
kristaller (kalsiyum oksalat kristali) veya liken asitleri
(parietin) ile kompleks olusturup agir metallere karsi
tolerans mekanizmasi gelistirirler. Yakalanan ve hiicreye
hapsedilen parcaciklarin  toksisitesi, agir metallerin
miktarina, kimyasal formuna, farkli pH ve sicakliktaki
¢Oziinebilirligi gibi parametrelere baglhdir. Likenlerdeki agir
metal birikim silireci sabit olmayip agir metal ¢ozeltisine
birakilan likenlerde, agir metal iyonlarinin birkac¢ saatlik
zaman zarfinda tallusun ic¢inde biriktigi goézlemlenmistir.
Liken transplantasyon deneylerinde likenler bir ka¢ aylik
stire icerisinde atmosfer kaynakli agir metal degisikliklerine
tepki gostermislerdir. Cogu agir metalin liken tallusunda
birikme stiresi 2 ile 5 yili bulmaktadir (Cobanoglu, 2015).
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Farkli liken tiirlerinin talluslarindaki agir metal derisimi
cesitlilik gostermistir. Flavoparmelia baltimorensis (Gyeln.
& Foriss) Hale ve Xanthoparmelia conspersa (Ach.) Hale
gibi yapraks1 likenlerdeki agir metal miktari, dals1 liken
Cladonia subtenuis (Abbayes) A. Evans ’dan daha cok
cikmugtir. Likenlerdeki tallus yiizeyi (miisilaj, siller, delikler
ve isitler gibi agir metal parcaciklarimin yakalanmasint
etkilemektedir. ~ Ornegin ~ Usnea  ve  Alectoria’min
Umbilicaria’dan daha fazla pargacik yakalama 6zelligi
dikkat ¢ekmistir (Cobanoglu, 2015).

1.3 Agir Metal Alm Mekanizmalar:

Likenlerde ti¢ temel agir metal alim mekanizmasi oldugu
bilinmektedir:

1. lyon degisimi islemi yoluyla hiicre dis1 agir metal
alimi (hiicre dig1 iyon degigimi)

2. Agir metal agisindan zengin pargaciklarin
yakalanmasi (metal parcacigi yakalama)

3. Hiicre i¢i agir metal alimi (Richardson, 1995)

1.3.1 Hiicre dis1 iyon degisimi

Likenlerin ¢6ziiniir agir metal iyonlarini iyon degisimi
yoluyla biriktirdigi bilinmektedir. Bu iyon degisim islemi
sOyledir; alinan agir metal iyonu hidrojen iyonlariyla yer
degistirir veya hiicre duvarinin lizerinde ya da igindeki
baglanma bolgesinde diger daha zayif agir metal iyonlariyla
yer degistirir (Richardson, 1995).

: cgodal
Partikulier
artikulie: yapay

/:"3?‘. kul kayipiar

Hiicre dis1 kaynakli agir metal birikimi ¢ogunlukla
korteks veya medulla i¢inde gerceklesir. Hiicre disi agir
metal alimi, likenin hiicre duvarindaki katyon degisim
bolgelerinde hidroksil, karboksil, fosfat, amin veya siilfhidril
fonksiyonel gruplar gibi (Sekil 3°te =S olarak belirtilmistir)
kompleks olusturma yoluyla ger¢eklesmektedir. Agir
metaller ligand olarak (ligand=molekiile baglanarak
kompleks olusturan bilesik, Sekil 3’te L olarak belirtilmistir)
gorev yapan hiicre disi sekonder metabolitlere kimyasal
olarak baglanabilir veya oksalat kristalleri olarak
¢okeltilebilir. Bu emme mekanizmast genellikle fiziko-
kimyasal bir islemdir. Biiyliikk 6lglide hiicre duvart
ylizeylerine, ¢ozeltinin pH'ina (duvar yiizeyine etki eden) ve
metallerin tiirine (ayn1 zamanda pH'dan da etkilenir)
baglidir (Anderson ve ark., 2022).

1.3.2 Agir metal parcacigl yakalama

Bir¢ok calisma likenlerin atmosferik agir metal
parcaciklar1 yakalama ve ortamdaki agir metali biriktirme
yeteneklerinin oldugunu gostermistir. Agir metallerin tam
olarak nerede biriktigi ve bunun nasil meydana geldigi
aragtirma  konusudur ve arastirmalar halen devam
etmektedir. Genel olarak agir metal pargaciklarinin
likenlerin medulla bdolgesindeki hiflerde biriktigi kabul
edilmistir. Peki bu pargaciklar hiflere kadar nasil
ulagmaktadir? Elektron mikroskobu ¢alismalari, bazi
likenlerin st korteks yiizeyinde gozenek ve deliklerin var
oldugunu goéstermistir.

\'3§
(Okeime
ykama

yon kayd tum kayip

Z
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Sekil 3. Hiicre dis1 agir metal parcacik alimi1 (Anderson ve ark., 2022).
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Ancak digerlerinin, muhtemelen likenin ve izolikeninler
gibi polimerler tarafindan oldukca iyi kapatilmis bir {ist
kortekse sahip oldugu goriilmiistiir (Richardson, 1995).

(b)

Sekil 4. a- Ramalina lacerata Miill.Arg.’nin tallus
yiizeyinde tespit edilen yakit yanmasi kaynakli agir metal
pargacigi a-100 um, b- 10 um (ok isaretli) (Wolterbeek ve
ark., 2003).

1.3.3. Hiicre ici agir metal alim

Likenlerde agir metallerin hiicre i¢i alimi 6zellikle Cd
iyonlari acisindan Brown ve Beckett (1984) tarafindan
kapsaml bir sekilde incelenmistir. Peltigera membranacea
(Ach.) Nyl.’deki hiicre i¢i Cd alimi, diger organizmalardaki
transmembran tagima sistemlerinin ¢alisma mekanizmasina
benzemekte  ve  muhtemelen  enerji  kullanimim
gerektirmektedir (Richardson, 1995).

Hiicre dist alim siirecinden farkli olarak, hiicre igi
bolgelerdeki alim, zamanla artan ve biiyiik dlglide yavas
isleyen bir siirectir. Liken tallusunun 2-5 saat siiren CdSO4
¢Ozeltisine maruz birakilmasinin ardindan, hiicre i¢i Cd
alinimu Peltigera'daki toplam alinimin %10'undan az oldugu
bulunmustur. Ramalina’da Cu igin oran % 6 dir (Cobanoglu,
2015; Garty, 2001).

Hiicre i¢i agir metal aliniminin 1s1k ile arttig1 ve liken
metabolizmasiyla iliskili oldugu belirtilmistir. Karanlikta ise
hiicre i¢i Cd aliniminin hizli bigimde azaldig: bilinmektedir.
Canli veya 1s1l islem gorerek oldiiriilmiis liken talluslarinda

69

agir metal aligverisi liken tiirlerine gore degisiklik gosterir.
Peltigera horizontalis (Huds.) Baumg., Hypogymnia
physodes (L.) Nyl., Lobaria pulmonaria (L.) Hoffm. ve
Xanthoria parietina (L.) Th. Fr. 'mmn 6li talluslarinin, canli
talluslardan daha fazla Pb?* aldigi tespit edilmistir
(Cobanoglu, 2015; Garty, 2001).

1.4 Agir Metaller ve Liken Tallusu Arasindaki iliskiler
1.4.1 Tallusun yasina gore metal birikimi

Liken tallusunun bdliimleri ile yapilan ¢aligmalar
tallusun merkezi boliimlerinin ¢evresel boliimlerinden daha
fazla miktarda agwr metal igerdigini  gdstermistir.
Flavoparmelia caperata (L.) Hale ‘nin merkez kismindaki
yiiksek Cr igerigi, cevresel boliimlere gore 1slak birikim ya
da Cr ‘'un tallusun merkezine dogru hareketi ile
aciklanmustir. Ayni sekilde Parmelia saxatilis (L.) Ach. ve
Parmelia sulcata Taylor’nin Fe, Pb, Zn, Mn, Al, Cu, Se ve
Hg igerigi dis bolgelere kiyasla i¢ bolgelerde nispeten
yiiksek bulunmustur (Garty, 2001).

1.4.2 Agir metallerin mikobiyont ve fotobiyontta birikim
yerleri

Rizinlerin liken tallusundan ayrilmasi, agir metal alimi,
birikimi, tallusta bulundugu yer ve agir metallerin yer
degistirmesinin arastirilmasina imkan saglamistir. Peltigera
sp.'deki rizin ve damarlarin koyu rengi agir metal
konsantrasyonu yiiksek habitatlardan kaynaklanan yiiksek
agir metal igerigini kanitlamistir. Peltigera sp. rizinlerinin
agir metal birikim kapasitesi Fe, Mn ve Pb agir metalleri
icin maksimum olurken, bu likenlerin fotobiyont kismi Cu,
Ni ve Zn i¢in maksimum birikim kapasitesinde oldugu
belirlenmistir (Cobanoglu, 2015; Garty, 2001).

1.4.3 Agir metal iceren parcaciklarin yakalanmasinin
gorsel kaniti

Taramali elektron mikroskobu (SEM) ile
Xanthoparmelia chlorochroa (Tuck.) Hale ‘nin rizinlerinin

ylizeyine yapigan agir metal parcaciklarinin  yapist
incelenmis ve bu parcaciklarin yikama islemleri ile
temizlenebilecegi gosterilmistir. Incelemede kullanilan

yontemler arasinda nicel bilgi saglayan enerji dagitict X-
1s1n1 analizi (EDX) ile birlestirilmis SEM ve X-1gin1 floresan
(XRF) ile birlestirilmis SEM bulunur (Cobanoglu, 2015;
Garty, 2001).

1.4.4 Havadaki agir metal parcaciklarin liken tallusu
tarafindan alinmasinda morfolojik ve yapisal 6zelliklerin
onemi

Bir likenin igerdigi agir metal miktar1 likenin tiiriine,
morfolojik ve yapisal Ozelliklerine baghdir. Aym
lokasyonda bulunan farkli liken tiirleri, farkli miktarlarda
agir metal igerir. Ornegin yapraksi likenler F.lavoparmelia
baltimorensis ve X.anthoparmelia conspersa, frutikoz liken
C.ladonia subtenuis’en, Hypogymnia enteromorpha (Ach.)
Nyl. Usnea tiirlerinden, Punctelia rudecta (Ach.) Krog ve
Parmelia. sulcata, frutikoz liken Anaptychia ciliaris (L.)
Korb.’ten daha fazla miktarda agir metal igerdigi
belirlenmistir (Garty, 2001).


https://species.wikimedia.org/wiki/Flavoparmelia_baltimorensis
https://species.wikimedia.org/wiki/Flavoparmelia_baltimorensis

Likenlerde Agir Metal Alnma Mekanizmalar1

Ince ve yass1 tallus, likenin kuru agirhgina yiiksek bir yiizey
alam saglar. Buna gore Rhizoplaca melanophthalma (DC.)
Leuckert i¢in elde edilen diisiik agir metal degerleri, kalin
tallusunun bir sonucu olarak yiizey/hacim oranmin diisiik
olmasiyla alakali bulunmustur.

Liken tallusunun siller, gukurlar ve isitler gibi yiizey
Ozellikleri pargacik tutulmasi iizerinde son derece onemli
role sahiptir. Bu nedenle, Usnea veya Alectoria gibi ince
ipliksi frutikoz talluslarin, genis ylizeyli bir tallusa sahip
Umbilicaria'dan daha biiyiik bir pargacik madde afinitesine
sahip oldugu varsayilmistir. Piiriizlli, gukurlu, yapiskan veya
tomentoz bir yiizey, piriizsiiz bir yiizeye kiyasla
parcaciklarin tutulmasina yardimer olur. Jelatinli bir yiizey,
partikiil maddeyi yakalama kabiliyetini daha da arttirir.
Yapraksi liken Parmelia sp.'deki K, Fe, B, Zn, Al, Si, P, Ca,
Mg, Na ve Sr miktarlarmin frutikoz liken Usnea sp.'daki
miktarlarindan yiiksek oldugu tespitine dayanarak, yapraksi
likenlerdeki agir metal alinimmin biilyiik 6l¢iide atmosferik
kuru birikime baglh oldugu disiiniilmiistiir (Garty, 2001).

1.4.5 Agir metal kirliligi ve liken canlilhigimn fizyolojik
parametreleri

Cevre kirliliginin liken canlilig iizerindeki etkisini test
etmek icin farkli deneysel islemler uygulanmstir.
Fotobiyont ve mikobiyont hiicrelerini ¢evreleyen plazma
zarmin biitiinligiinii kontrol etmek igin bir parca liken
tallusu kesilerek distile suya birka¢ dakika batirilmistir.
Liken tallusunun artan derisimlerde Cu, Hg ve Ag agir
metallerine maruz kalmasi kademeli bir K* kaybina neden
olurken, Ni, Co, Cd ve Pb agir metallerinde ise belirli bir
derisimde Onemli olglide K* artisna neden oldugu
gozlenmistir (Garty, 2001).  Agir metal iceren g¢ozeltilere
maruz kalan likenlerin klorofil absorpsiyon spektrumunda
o6nemli bir degisiklik meydana gelmistir. Degisiklikler,
spesifik iyona ve maruz kalma siiresine baglidir. Arazi
kosullar1 altinda, kimyasal kirlilige maruz kalan likenlerdeki
klorofil bozulmasinin, bir¢ok durumda tallusta bulunan
yiiksek miktarlarda agir metal ve diger elementlerle iliskili
oldugu belirtilmistir (Garty, 2001).

Likenlerde tespit edilen agir metale bagli hasarmn
derecesi, agir metal konsantrasyonunun agik bir gostergesi
olarak yorumlanamaz. Yine de, gozle goriilir bozunma
belirtileri, belirli esik seviyelerini asan derisimlerde zararli
elementlerin varhgm gostermistir. Ornegin otoyoldan 15 m
uzaklikta toplanan Evernia prunastri (L.) Ach., H. physodes
ve F. caperata numuneleri fotosentezde dnemli net bir diisiis
gostermigtir. Zn, Cd ve Cu birikiminin siyanobakteriyel ve
yesil alg fotobiyontu igeren likenlerde diisiik derisimlerde
fotosentezi engelledigi gosterilmistir (Garty, 2001).

Etilen bitki biiyiimesini diizenleyen hidrokarbon kokenli
bir gazdir. Etilen normal kosullarda az miktarda {iretilir,
ancak canli dokular farklr stres faktorlerine maruz kaldikca
etilen miktar1 artar. Etilen salinimmin agir metallere,
ornegin Hg buharina, Cu?ye maruz kaldiktan sonra arttig1
goriilmiistiir. Fe?, Fe3*, Cd?* ve Zn?* belirli agir metaller, 1-
aminosiklopropan-1-karboksilik ~ asidin  (ACC) etilene
doniistiirilmesinde kofaktorler olarak gorev yapmustir. Cogu
durumda etilen salintminin, mikobiyont veya fotobiyont
hiicrelerinin  maruz  kaldigt hasardan kaynaklandigi
varsayllmistir. Farkli liken tiirleri onemli Olgiide farkl
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miktarlarda etilen ftiretebilirler. Artan etilen iiretimine yol
acan stres faktorleri arasinda tasit ve endiistriyel kirliligin
oldugu belirtilmistir Garty, 2001).

2. SONUC

Diinya yiizeyinde ¢Oziinmiis ve asinmis toprak
malzemesi, volkanik faaliyetler, orman yanginlari, biyojenik
kaynaklar, sanayi faaliyetleri (demir-celik fabrikalari,
eritme, ¢imento iretimi, metal madenciligi, baca gazlari,
fosil yakit kullanimi1 vb.), belediyelerin atik yakma islemleri,
motorlu tasit kullanimi, kanalizasyon atiklari, ticari
giibreler/pestisitler ve hayvansal atiklar yoluyla atmosferde
artan agir metal miktar1 ekosistemdeki tiim canlilar1 oldugu
gibi likenleri de olumsuz etkilemektedir. Likenler
tamaminda olmasa da genel olarak agir metallere karsi
gosterdikleri tolerans ve tepki ile yasam miicadelesine
devam etmektedirler. Likenlerin talluslarinda agir metal
biriktirebilmek i¢in hiicre i¢i ve hiicre digi metal alim
mekanizmalart  gelistirdikleri  anlasilmaktadir.  Liken
tallusundaki agir metal miktar: iklim, arazi, substrat, kirlilik
kaynagina olan uzaklik, liken tiirliniin yapisi gibi faktorlere
bagli olarak degigmektedir.
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1. INTRODUCTION

In the study, we denote by A the class of all complex-
valued functions f which are analytic in the open unit disk

A= {t eC: |t| <1} in the complex plane C and written in
the form

f(t)=t+at’++at’+-
> 1
=t+> at", teC. @

n=2

Then, the family of all univalent functions in A is denoted
by S. Next, for ae[O,l) S*(a) denotes the starlike

function classes of order & and C (Oc) denotes the convex

function classes of order ¢ in 2l . By definition, we have
tf'(t)
f(t)

tf"(t)
f'(t)J>a’ tel;.

Moreover, considering f and g analytic functions in 2L,
we say f issubordinate to g and denote that condition by

S*(a):{feS:Re >a,teQ[} and

C(a)= f ES:Re(l-f-

f (t)< g (t) when an analytic function @ can be found
such that it satisfies the conditions

®(0)=0, |o(t)|<Lland f(t)=g(e(t)).

It can be clearly admitted by the researchers that one of
the curicial subjects of the geometric function theory is the
coefficient problem.  Many different and interesting
subclasses of analytic functions have been defined and
investigated by many researchers and some estimates on the
first two coefficients for the functions of these classes have
been found by them (see [Brannan and Clunie, 1980; Brannan
and Taha, 1986; Lewin, 1967; Netanyahu, 1969; Srivastava
and et al., 2010; Zaprawa, 2014]).

Itis also well known that the functional A, (1) =a, —a’

, Which is known as the Fekete-Szegé functional and one
usually considers the further generalized functional

A,(1) =a, — pa’, where 4 is a complex or real number

(see Fekete and Szego, 1983 ), is the curicial tool in analytic
functions theory. In this theory, the Fekete-Szeg6 problem is

to estimate the upper bound of ‘ag— ,uaf‘ and many

researchers have investigated this problem for different
subclasses of analytic functions (see Mustafa 2017; Mustafa
and Giindiiz, 2019; Zaprawa, 2014). Very recently, the
Fekete-Szegd problem for the subclass of bi-univalent
functions with a shell-shaped region was studied by Mustafa
and Mrugusundaramoorthy in (Mustafa and
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Murugusundaramoorthy, 2014) and associated with a
nephroid domain in (Srivastava and et al., 2022). Also, the
Fekete-Szegd problem is investigated for subclasses of bi-
univalent functions with respect to the symmetric points
defined by Bernoulli polynomials in (Buyankara and et al.,
2022), for bi-univalent functions related to the Legendre
polynomials in (Cheng and et al., 2022), for m-fold
symmetric bi-univalent functions in (Oros and Cotirla, 2022).

2. MATERIAL AND METHOD

Now, we define some new subclasses of analytic and
univalent functions as follows.

Definition 2.1. We will say a function f € S s in the class

C ((0) if it satisfies

tf"(t)

1+ f’(t)

<p(t), ted.

In Definition 2.1, qp(t) =t++/1+t? and the branch of

the square root is chosen with the initial value (p(O) =11t

can be clearly seen that by go(t) =t++/1+t%, the unit disc

2l is mapped onto a shell-shaped region on the right half
plane and ¢ is univalent and analytic in 2. For the real
axis, the range of @ is symmetric and ¢ has a positive real

part in 2l such that (p(0)=¢'(0)=1. Furthermore, for
point (p(O) =1, ¢ has a star-like domain.

Let, P be the set of the functions r(t) analytic in 2
and satisfying Re(r(t))>0, te2 and r(0)=1 with
power series

F(t)=l+nt+nt’ +rt’+ - +rt"+--
=1+ rt"teL
n=1

We will need the lemmas below (see Duren, 1983;
Grenander, 1958) for the functions with the positive real part
so that we can show our main results.

Lemma2.2. Let r € P, then |I‘n|S 2 forn=12,3,... and

5—§§

<2-max{L|1-1}

1 if 16[0,2],

=2~
|2-1  elsewhere.
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Lemma 2.3. Let r €P, then |rn|s2 for n=1,2,3,...
and

4-r?

(1—|x|2)z
for some X and z with |X| <land |Z| <1.

Lemma 2.4. Let reP and

b(2b—1) <d <b. Then,

be[O,l]

‘r3—2br1r2 +drl3‘ <2.

Remark 2.5. As can be seen from the serial expansion the
function @ given in Definition 2.1, belongs to the class P.

In this paper, we give coefficient-bound estimates and solve
the Fekete-Szegd problem for the class C ((p) :

3. RESULTS AND DISCUSSION

In this section, firstly we present the below theorem on the
coefficient bound estimates for the class C ((0) .

Theorem 3.1. Let the function f given by (1) be in the class
C (). Then,

1 1 5
|a2|SE, |a3|SZ and |a4|Sa
Proof. Let f GC((/)). Then, according to Definition 2.1

there is an analytic function @2l — 2 with (0(0) =0

and |a)(t)| <1 satisfying the following condition

%za)(t)h/lerz(t), ted. (3)

Let us define the function r € P as follows

1+
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1+o(t)
_1—w(t)

2 3 n
=1+ttt bt 4o

r(t)

:1+Zrnt“, telA.
n=1

It follows from that

T

2 2
:%{rlu(rz —%jtz +[r3 -1, +%]t3 +} (4)

te .

Changing the formulation of the function a)(t) in (3) with
the formulation in (4), we get

tf"(t)
()

1+

2

. r I rr
=1+t 21 P 2223 (5)

2 8 2 4
te
Then, by equalizing the coefficients of the terms of the same
degree, are obtained the following equalities for
a,,a, and a,

2a, =1 6a3—4a2:£—ri
22 2 8
r, nr
12a,-18a,a, +8a; = =2 - 12
2 4
From these equalities, we get
I
a,=-=1, 6
2= (6)
a,=—a + ! rf @
37 121 4)

a—3aa3—2a3+1 r,— b ©)
220 3 o\t 2 )

By applying the Lemma 2.2, from the equality (6), we obtain
immediately the first result of the theorem.

Firstly using the Lemma 2.3 and then applying triangle
inequality and Lemma 2.2 to the equality (7), we get
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5 £e(0,1)

with 7 = |rl|, &= |X| <1. From this, we can easily write

2
-7

24

)= 5 <[0.2];

SO,
2

|a3|£%+%, 16[0,2].

By maximizing the right-hand side of the last inequality for
the variable 7, we reach the second result of the theorem.

Now, let's find an upper bound estimate for the coefficient
a,. From the equalities (6)-(8), we get

2 3
LY PO A NEY P A
32 4 24 2 8
that is
r A 1
a4=3_12(r2—5r12j+£(r3—2br1r2+drf),
with/izl,bziandd:1
2 4 8

Applying triangle equality to the last equality, we find

la,| < |32| r, —%r +—‘r —2brr, +dr’ 9)
Since A :l IS [0,2] . b=€e[01] , d=< and
2 4 8

b(2b—l)£d <b, then according to Lemma 2.2 and
Lemma 2.4, we write the following inequalities

A
r, —Erf <2 and |ry — 2bryr, + dr3| < 2,

respectively. Considering these inequalities, from the
inequality (9), we reach the desired estimate for the upper

bound of |a4|.

That is, the proof of Theorem 3.1 is done.

Now, we give the following theorem on the Fekete-Szegé
problem for the class C (q))
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Theorem 3.2. Assume that f given by (1) is in the class
C((p) and p € C. Then,

2 if [2-34(<1
o~ s < 1 2-34|+1if [2-34[>1.

Proof. Let feC((o) and u€C . Then, from the
expressions for the coefficients a, and @, , we write the
following expression for a, — ,ua22

1 1 I
a, — ua’ =§(2—3,u)a22 +E(r2 —Lj.

4

Considering equality (6) and applying Lemma 3.3, we write
the following equality

— ua’ :i[(Z—Sy)rl2 +1r? +2(4—r12)x]

% 48

for some X with |X| < 1. From this, using triangle inequality
we obtain

2 1 2 2
la, — 12| 34—8{[|2—3/,,|+1]f +2(4-7)¢g},
.fe(O,l)

with 7 = |rl|, &= |X| . If we maximize the right-hand side of
this inequality for the parameter &, we get

1
la, - 23] SE{[|2—3/¢|—1]72 +8}, r<[0,2].
Since the function

:[|2—3y|—1]z'2 +8, 7€[0,2]

is a decreasing function if |2—3,u| <1 and an increasing

function if |2 - 3,u| > 1, from the last inequality we arrive at
the result of the theorem.

Thus, the proof of the Theorem 3.2 is completed.

In the cases x# =0 and g =1 respectively, from Theorem
3.2, we obtain the following results.
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4. CONCLUSION

Corollary 4.1. Let f €C(¢), then |a,| S%.
Corollary 4.2. Let f €C(¢), then
1
—all<=
‘a3 az‘—G

Remark 4.3. The result obtained in the Corollary 4.1
confirms the second inequality obtained in Theorem 3.1.
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Abstract: College and university students have requirements to pass prior income degrees on
Thursdays. Their time is equally split between art and responsibilities to their own family. It is
crucial that students have the option of taking online courses and reading on their own schedule. At
the same time, many public colleges are unable to accommodate all of the college students who
want to wait for their classes on campus. This problem is described as one of the methods for
learning the Data Structure path. It demonstrates how to use RAM Memory by putting data in it
and showing how to use it.. Things also offers a video that explains it in a more understandable
way. The number of students enrolling in educational institutions has increased significantly over
the coming years, and the institutions providing superior training have indicated a strong preference
to provide outstanding online MBA programs. It is unquestionably a website with a video
demonstrating one of the intricate methods for quickly storing information in the computer's hard
drive. Additionally, this website has a dedicated education page that sets it apart from other
educational websites by making it easier to teach students how to solve any issues they might
encounter while taking a physical lesson. The website offers advice on how to delete the listing
from memory and utilize the pop returned method, pop the front approach, posh returned approach,
and posh front approach.

Baglantih Liste Algoritmasim Kullanarak Cevrimici Ogrenme Ortam Tasarlama

Anahtar Kelimeler:
Baglantili liste,
¢evrimigi 6grenme,
web sayfasi tasarimi

Ozet: Persembe giinleri, kolej ve iiniversite kolej 6grencilerinin gecmis gelir derecelerini gegme
yiikiimliiliikleri vardir. Zamanlar1 benzer sekilde resimler ve kendi akrabalarinin yiikiimliilikleri
arasinda boliinmiistiir. Akademisyenlerin kisisel zaman ¢izelgelerini okuma ve ¢evrimigi egitime
katilma segeneklerine sahip olmalar1 hayati 6nem tasimaktadir. Ayni zamanda, bir¢ok devlet
iniversitesi, kampiiste egitimi beklemek isteyen tiim iniversite 6grencilerini barindiramaz. Bu
zorluk, Veri Yapisi olarak adlandirilan rotay: incelemek igin stratejilerden biri olarak tanimlanir.
Icinde saklanan bilgileri kullanarak Ram Bellegin nasil kullanilacagini dgretir. Ayrica, dgrenmesi
daha basit bir sekilde aciklamak icin bir videosu da var, Oniimiizdeki birkac yil icinde, egitim
kurumlarina kaydolan ¢ok ¢esitli akademisyenler katlanarak hizlandi ve daha iyi egitim sunan
kuruluslar, inanilmaz ¢evrimi¢gi MBA programlari sunmak i¢in saglam bir se¢im oldugunu ifade
ettiler. Bu kesinlikle, bilgisayarin garajinda zahmetsizce bilgi depolamanin karmasik
stratejilerinden birini agiklayan bir video tasiyan bir internet sitesidir ve bu web sayfasinin egitim
icin 6zel bir web sayfasi vardir, bu da onu tiim farkli 6gretim web sitelerinden ayirir. Bu web
sayfasi, beden dersinde egitim alirken ayni zamanda Ogrencilerin karsilasacagi sorunlart
gidermenin yolunu dgretmeyi kolaylastirmaktadir. Internet sitesi, pop déndiiriilen yaklasimin, pop
front yaklasimimin, posh dondiiriilen yaklasimin, posh front yaklagiminin ve listenin bellekten
silinmesinin nasil kullanilacagin1 6nermektedir.

*[lgili yazar / Corresponding author: ramiz.salama@neu.edu.tr 77

DOI: 10.58688/kuis.1141734


mailto:ramiz.salama@neu.edu.tr
https://dergipark.org.tr/tr/pub/kujs/issue/76512/1141734
https://orcid.org/0000-0001-8527-696X

Using the Linked List Algorithm to Create a Learning Environment for Online Students

1. INTRODUCTION

Implementation of a Linked List Through the creation of
videos that explain one of the methods used in the course,
"Online Learning" is a website that teaches one of the most
crucial courses of data engineering, "data structure” The
design graph on this page demonstrates how the data is stored
in this way by different orders, and you can see how the data
is cleared in a particular order using various commands
(Sundell et al., 2004; Yang et al., 2010).

1.1. History

Online learning from modern things has begun to appear
in the recent periods and in various forms integrated learning
systems (I-L-S), and Instruction (C-M-1) and computer-
based instruction (C-B-1), and and computer-assisted learning
(CAL), computer-assisted instruction (C-A-I). Drill-and-
practice programs, more advanced tutorials, and more
personalized training are all described by these phrases.
Currently, the word is used to denote a variety of instructional
computer programs. Control Data Corporation developed the
Plato Learning Management System (PLM) in the 1970s,
which was the first networked learning system. The United
States used Soft Arc's First-class.

1.2. Purpose

A connected List Implementation Website will assist the
lecturer perform his work and be able to communicate what
he wants to explain to his pupils, and it will help students
comprehend the course faster and better than the conventional
style of teaching. The website will also have a page with a
short description of the project's participants and the
university overseeing the site and to make our website more
useful, we may add other courses in the same way (Chattha et
al., 2018; Verner et al., 2018; Alagumalai et al., 2020; Huang
etal., 2021).

2. MATERIAL AND METHOD
2.1. Advantages of LLI-OL
2.1.1. Advantage for the Teacher

It helps the lecturer to explain one part of the data
structure course easily and to reach the student to a high
degree of understanding.

2.1.2. Keeping the Students from

Understanding

Distorting

Where it makes him see all the meaning of what the
lecturer wants to explain and not leave it to the imaginations
that may be error.

2.1.3. Helping Students in Practice

It provides a new way to solve problems by entering data,
seeing how outcomes are determined and how the computer
handles these data. If the student already has an example and
want to test his solution, he can do that through my web site.
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2.1.4. Reduces Development Costs and Learning

You may totally eliminate the teacher’s commute
expenditures, networking tutorial site rents, and physically
printed Learning notes, with a linked list implementation
website. Because your online learners may complete their
entire training online, you can save a significant amount of
money on your Development and Learning budget, because
all of the material that online students would need is provided
in the L-M-S, you don’t have to arrange a hotel room for your
instructor or print 500 tutorial notes or.

2.1.5. Keeping Corporations up to Date with Regulations

If your company has to remain on top of current
compliance laws, a linked list implementation website might
be a lifesaver. Using a corporation, A linked list
implementation website, on the other hand, allows you to
quickly add new compliance requirements to your online
training course. As a result, your corporate learners will
always be informed of the most up-to-date compliance
standards, allowing your company to avoid costly fines.
Furthermore, you have the authority to guarantee that all
employees are on the same page when it comes to corporate
standards and policies, which improves morale, boosting
customer-satisfaction.

2.1.6. Reduces Development and Learning time

Because it delivers online students exactly what they seek,
directly and in an ordered manner, a linked list
implementation website can even shorten online training
periods. Rather than sitting through an hour-long training
session, online students may just opt to select the online
curriculum they want and learn in a fraction of the time taken
rather than the traditional way of searching through notes. By
this online method, students may even test their knowledge
by completing online examinations or tests, or watching E-
Learning films that explain difficult procedures or activities.

2.1.7. Integrates Social Learning Experiences

Integrating social learning into your eLearning plan is
simple with a linked list implementation website. You can
include connections to Facebook and Twitter sites, LinkedIn
groups, and online forums that may be useful to your learners
because the LLI-OL is already online. You may also use
social media to promote your elLearning course and build
eLearning activities that focus on peer cooperation to attract
new students (Dershem et al., 2002; Kolosovskiy 2009;
Salmon et al., 2015; Hong et al., 2016).

2.2. Advantages of Online Classes
2.2.1. Abundance of Courses and Programs

Higher education today provides students with a number
of possibilities, ranging from traditional four-year institutions
to totally online professional colleges. This implies that
students may locate the courses or degree programs they need
online for whatever subject they want to pursue, from nursing
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to neuroscience. They may also get any academic degree,
from a professional certificate to a PhD, online.

2.2.2. A Convenient Learning Environment

Commercials showing online students studying in the
pajamas merely scratch the surface of one of the most
significant advantages of online education: there are no actual
class meetings. Lectures and other materials are provided to
students online, who must read them and submit homework.
Students will not have to fight traffic, look for parking places,
or leave work early to go to class, nor will they miss out on
vital family time. Flexibility and convenience. Students who
take online classes may schedule their study time around the
rest of their day, rather than the other way around. Students
may study and work when their energy levels are at their
highest, whether it's early in the morning or late at night.
There's no need to make special journeys to the library
because course materials are constantly available online. All
of this makes online learning a viable alternative for students
juggling job and family obligations.

2.2.3. An Overall Lower Expenditure

Traditional institutions may be more expensive than
online programs. While not all online degrees have lower net
tuition costs than traditional universities (link to OEDB
article on college expenses | published), related expenditures
are nearly always lower. There are no transportation fees, and
often there are no needed course materials such as textbooks
because they are frequently available online for free.
Moreover, many schools and institutions are now accepting
credits acquired through free massive open online courses
(MOOCs), the most current advancement in online education.
These kinds of free online courses can help students meet
their general education needs at little or no expense.

2.2.4. A Greater Ability to Concentrate and More
Interactions

While there is conflicting research about the percentage
of online student involvement vs conventional course
attendance, one thing is certain: online courses make it easier
for shy or timid students to join in class discussions or chats
than face-to-face classes. Some students even claim that
because they are not distracted by other students or classroom
activities, online courses are easier to focus in.

2.2.5. Continuation of Your Profession

Even if someone wishes to finish a degree program, this
does not imply that they wish to quit their existing position.
Because of today's high college expenditures, most students
must work part-time while attending classes. Students can
work while seeking academic qualifications thanks to the
previously mentioned flexibility of online degree programs.
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2.2.6. Career Improvement

While working, in-between jobs, or raising a family,
students may opt to register online courses for the ease of
access and even successfully avail their degrees while
working, or while establishing a family. This source of
education will also prove to be useful in elaborating any
discontinuities or gaps in a resume. This kind of a degree
might also demonstrate that you are an ambitious person and
want to stay updated. it also gives the potential employers an
insight into your skills and preparedness for new challenges.

2.2.7. Transferring Credits

Receiving online-classes by an authorized institution and
transferring the course credits to their major
college/university is a fantastic solution for the students who
desire to save time and take a few extra courses during the
summer semester. It is particularly useful for those students
who reside far from their colleges or for those students who
have to work part time jobs while managing time for their
lectures. By implementing this, students will have the option
to avail college credit, all the while still taking advantage of
their summer vacations or working at seasonal employment.

2.2.8. Improving Your Set of Skills

When it comes to attaining knowledge even a simple
online course necessitates the acquisition of staying up to date
with tech skills because students have to navigate various
learning management systems (L-M-S) and tools. Students
gain skills that may be used in a variety of conditions, such as
adding audio or video assets to a project, preparing and
distributing papers and completing online learning sessions.

2.2.9. No Need to Commute

Colleges may postpone courses during snowstorms and
thunderstorms; if they don't, you risk being injured while
travelling in hazardous circumstances. In such a natural
outcome these students which opted for online-courses can
conveniently “participate” in chat sessions or lectures while
being in the comfort and safety of their own home, these
students will be providing their assignments on time, and
these students have the convenience of accessing pre-
recorded lectures or important notes rather than missing
essential class periods. Many students also discover that not
having to physically go to their college/university generally,
regardless of weather conditions, may save them a significant
amount of money on fuel (Tiene et al., 2000; Daymont et al.,
2011; Dumford et al., 2018; Davis et al., 2019).

3. RESULTS AND DISCUSSION
3.1. Application Components
3.1.1. Home page

When you open the linked list implementation website
you will find the home page in a comfortable color for your
eyes. And | use fireworks to write the name of the project on
it. In the home page there are six buttons. Each button opens
a new page.
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Figure 1. Home page of application component.

T soging .hbmi - Noteped

File Edit Formet WView Help

koocTYPE htmls

<hEElY>

<head>

Bets nases"viewport® contente"widthedevice-wioth, fnitisl-scale-1"»
istyler

body {fomt-family: Arial, HWelvetica, sans-serif;]

i® Full-width ingut fields =/
input[typestextu]{
wigth: 10w
padding: 1Zpx Dopx;
margin: Bpx 0;
display: imline-block;
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width: sute;

pacding: 1@px 18px;

backgroung-color: #fadlle;
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Figure 2. Code of home page.
3.1.2. The implementation page
The implementation page is the main page in my project

it shows the five main function in the linked list “push up,
push back, pop up, pop back, clear all list”
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Figure 3. The implementation page is the main page.

And this is part of the page code

Figure 4. Code of the implementation page.

i Push back
The first function in the implementation page is “push back” It used to add new element in the back of the list > for example
adding #10

Figure S. Push back.
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Push back function code

$("#pop_b").click(function () {
[/ alert(i);
$("#block +push[push.length-1]).hide(100@, function () {
$("#block"+push[push.length-1]).remove();
list.bob_back();
push.pop();

OE

M+
1f(m==h)

{
$("#null").hide();
h=8;
m=9;

} s

Figure 6. Push back function code.

ii Push front
The fourth function in the implementation page is “pop front” It used to delete an element from the beginning of the list > for
example delete #20

Figure 7. Push front.

push front function code
$("#pop_f").click(function () {

ffalert(i);

$("#block"+push[@]).hide(100@, function () {
$("#block"+push[@]).remove();
list.bob_front();
push.shift();
M+ ;
if(m==h)

$("#null”).hide();
h=8;
m=8;
Iy
1
/1 i--;
1)

Figure 8. Push front function code.

iii Clear all list
The last function in the implementation page is “clear all stack™ It used to delete all the elements of the list.
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Figure 9. Clear all list.

Clear all list Function code

$("#clear"). click(function(){

t").prepend("«div id="iteas" style="display:block;™¢/div');

list.deletelist();
i=g;
h=@;
=

§("#null") hide();

Figure. 10. Clear all list Function code.

3.1.3. Videos

In the video page we have three videos for explanation
linked link with three different languages. “Arabic, English,
Turkish”

Figure 12. Page has some links for the websites.

Part of page code has some links which used to design

ENGLISH EXPLANATION FOR LINKED LIST

—W

Figure 11. Videos for explanation.

3.1.4. Some links which used to design

References page has some links for the websites which I
used to design my site

Figurel3. Code of the page which has some links used for
design.
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3.1.5. Contact Us

Figure 14. Contact us page.

Part of Contact us page code

Figure 15. Part of Contact us page code.

3.1.6. Login

Figure 16. Logging Page.

Part of logging page code

Figure 17. Logging page code.

84

3.1.7. Sign up

Figure 18. Sign up page.

Part of Sign-up page code

[ = BT
Figure 19. Sign-up page code.

4. CONCLUSION

You are now familiar with LLI-knowledge, OLs, and the
tools we used thanks to the report that came before it. This
study may be helpful in persuading you to explore a new
website for online learning as many students and lecturers
may not be familiar with them. In this book, we covered the
Teacher and Student characteristics that distinguish LLI-OL
from other O-Learning websites. This paper also includes
details on several significant online services, such as AWS
(Amazon Web Services), which may be used in conjunction
with the Python script Easy engine to make the installation of
NGINX simple. Finally, this study covers the significance of
CMS and the Learn Press plugin.
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