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Ozet

Bu ¢alismada 29 harfli Tiirk alfabesine karsilik gelen rakamlar bosluk (e) dahil "n "den "n+29 "a
kadar yazilmistir. Kodlanacak kelime veya herhangi bir verinin her bir harfine karsilik gelen sayilar harf
sirasina gore yazilmis ve sayillar mod30'a goére yeniden diizenlenmistir. Daha sonra mod30'a gore
diizenlenen sayilara karsilik gelen harf kullanilarak olusturulan metnin her harfini temsil eden bir kod
olusturulmustur. Kodlanan metnin her tiirlii saldir1 ve viriislere karsi korunmasi amaciyla Z,,,; Z,_; — Z2 =
—2n? + 1 (Karesel sayilar i¢in Cassini Ozdesligi) ile ikinci dereceden sayilardan olusan matris formatinin
(Z,,) her bir eleman1 belirli islem ve yontemlerden sonra ¢oziilmiistiir. Ozellikle galismanin devaminda
yukarida verilen sifreleme iglemlerine farkli bir boyut kazandirmak yani daha giiglii bir sifreleme ve sifre
¢dzme algoritmasi olusturarak gecerlilik ve giivenilirligini arttirmak amacryla i'nin tek veya ¢ift olmasina
gore hem karesel hem de iiggensel sayilar dikkate alinarak "Biitiinlesik Kodlama" adin1 verdigimiz yeni bir
sifreleme modellemesi olusturulmustur.

Anahtar Kelimeler: Kriptoloji, Metin sifreleme, Karesel sayilar, Uggensel sayilar

Generating Algorithmic Cipher from Quadratic and Triangular Numbers
with Integrated Coding Modelling

Abstract

In this study, the numbers corresponding to the 29-letter Turkish alphabet were written from ‘n’ to
‘n+29’ including the space (®). The numbers corresponding to each letter of the word or any data to be
coded were written in letter order and the numbers were rearranged according to mod30. Then, a code
representing each letter of the text was created by using the letter corresponding to the numbers arranged
according to mod30. In order to protect the encoded text against all kinds of attacks and viruses,
Zns1Zn-1 — ZE = —=2n%* + 1 (Cassini Identity for quadratic numbers) and each element of the matrix
format consisting of quadratic numbers (Z,) was decoded after certain operations and methods. In the
continuation of the study, to add a different dimension to the encryption processes given above, that is, to
increase the validity and reliability by creating a stronger encryption and decryption algorithm, a new
encryption modelling, which we call ‘Integrated Coding’, has been created by considering both quadratic
and triangular numbers according to whether is odd or even.

Keywords: Cryptology, Text encryption, Quadratic numbers, Triangular numbers.

Giris

Kriptoloji, bilgilerin gizlenmesi ve korunmasi i¢in kullanilan matematiksel
tekniklerin bir biitiintidiir (Kriptografi, 2023). En basit tanimiyla sifreleme bilimi olarak
da bilinen bu alan, bilginin istenmeyen kisiler tarafindan okunamayacak sekilde yeniden
farkl1 bir forma doniistiiriilmesini saglar.
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Kriptolojinin tarihi, insanligin bilgi giivenligine duydugu ihtiya¢ kadar eskidir.
Misir hiyerogliflerinden Jil Sezar'in kullandig1 sifreleme yontemine kadar uzanan bu
tarih, glinlimiizde dijital diinyanin giivenligini saglamada da kritik rol oynamaktadir.
Yapilan literatiir taramalarinda say1 dizileri iizerinde bir¢ok sifreleme ve sifre ¢ozme
algoritmalarina rastlamaktayiz (Kuloglu ve ark., 2023a; Kulogluve ark., 2023b; Eser ve
ark., 2023; Ucar ve ark., 2019; Stakhov, 1999; Diskaya ve ark.; 2022; Stakhov, 2006;
Basu ve ark., 2009; Wang ve ark., 2010; Prajapat ve ark., 2014).

Say1 dizilerini temel alan sifreleme ve sifre ¢6zme algoritmalari, kriptolojinin
temelini olusturur. Teknolojinin gelismesiyle birlikte dijital bilginin giivenli iletimi ve
korunmasi daha da 6nem kazanmistir. Bu baglamda, karesel sayilar (Eric), matrisler ve
determinantlar tizerine kurulu yeni bir kodlama ve kod ¢dzme algoritmasi gelistirilmistir.

Algoritmamizin temel Ozellikleri: Viriislere, frekans saldirilarima ve yetkisiz
erisime kars1 daha yiiksek gilivenlik, askeri, politik, ticari ve kisisel alanlarda
kullanilabilirlik, akilli kartlar, yazilim ve donanim uygulamalari, blok ve akan sifreler
gibi genis bir yelpazede uygulama imkani, modern kripto analiz yontemleriyle uyumluluk
olup; calismanin amaci ise bilgi giivenligine yonelik yeni ve daha giivenilir bir ¢6ziim
sunmak, farkli alanlarda kullanilabilecek esnek ve giiglii bir algoritma gelistirmek ve
kriptoloji bilimine katkida bulunmaktir.

Biitiin bu ¢aligmalardan esinlenip lizerinde ¢alisilmis olan sifreleme ve sifre ¢ozme
sistemlerini gdz Oniine alarak daha 6nce ¢alisilmamis karesel sayilarla matris/determinant
iligkileriyle isimlendirdigimiz Biitiinlesik Kodlama modeliyle daha giiglii bir sifreleme
yontemi olarak olusturuldu.

Fibonacci dizisi E,, Fy = 0 ve F; = 1 baslangi¢ sartlar1 olmak iizere
Foy1=Fi 1 +F,n>1,n€N
bagintistyla verilir. Bu dizinin ilk birkag terimi; 0,1,1,2,3,5,8,13,21,34, ... seklindedir.

Fibonacci matrisi,

_ Fn+1 Fn)
=5 A,

seklinde tanimlanir. Burada dikkat edilirse Q matrisinin determinanti, detQ = (—1)™dir.
Ornegin n = 5 igin

_ Fe Fs\ _ (8 5\ _ga cc—_ (. 1\5 — _
detQ—det(FS F4)_(5 3)_8.3 55=(—1)5 = -1

Fibonacci dizileri i¢in Cassini 6zdesligi (Beall)
Fpi1Fp_q1 — E? = (=)™, n = 1 bagintisi ile verilir.

Say1 dizileri i¢in de 6nemli bir esitlik olan ve Curry paradoksunun ¢oziimi gibi
birgok yerde kullanima sahip olan Cassini 6zdesligi, her iki modellemede de
kullamilmistir. Tlging olan ve bizi kullanima iten giic tabiki Fibonacci matrisinin
determinant degerinin Cassini 6zdesliginin sag tarafini1 vermesidir.

Yaptigimiz bu sifreleme yontemi, giiniimiizde bilgi giivenligi son yillarda daha 6nemli
bir sorun haline geldiginden bu alanda yapilan kodlama ve kod ¢dzme algoritmalar: bu
giivenligin gelistirilmesine katki saglayabilecegi diistiniilmektedir.
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Materyal ve Yontem

Bu calismada yapilan literatiir taramasi ile matematiksel islemlerde kullanilan
mantiksal tasarim ve bilimsel metotlardan yararlanilmistir.

Bu anlamda say1 dizilerine kars1 artan ilgi de goz oniine alinarak ilk olarak yapilan
caligmalar tlizerinde durdugumuzda Fibonacci sayilar1 ya da Pascal {iggeninin baglantili
ornekleri incelenmis olup bu sayilarin dogada, bilimde 6zellikle “ALTIN ORAN” adi
altinda bir¢ok uygulamasina rastlanilmistir. Bu baglamda ilham kaynagim bu sekilde bir
oOrtintiiye sahip olan Pascal tiggeni ile 6zdeslestirmis oldugumuz karesel sayilar olmustur.
Karesel sayilar ilk terimleri 1, 4, 9, 16, ... olan ve genel terimiZ, = n? seklinde
tanimlanmis bir say1 dizisidir (“Karesel say1,” 2023).

Calismanin devaminda yukarida verilen sifreleme islemlerine farkli boyut
kazandirmak amaciyla yani daha giiglii bir sifreleme ve sifre ¢cozme algoritmasi
olusturularak gecerlilik ve giivenirliligin artirilmasi i¢in i nin tek ve ¢ift olma durumuna
gore hem karesel hem de liggensel sayilar ele alinip “Biitiinlesik Kodlama” adim
verdigimiz yeni bir sifreleme modellemesi olusturulmustur.

Bu modelleme de sifrelerken karesel sayilar ve blok matrisler kullanilirken sifre ¢6zmede
ise matrisin determinantina karsilik gelen karesel sayilar i¢cin Cassini 6zdesligi,
Zni1Zn_1 — Z2 = =2n% + 1, kullamlmustur.

Bulgular

Bu kisimda sifreleme ve sifre ¢ozmede say1 dizilerinden yararlanilmistir. Matris
yontemi ile olusturacagimiz 4 X 4 mertebeli X matrisi, 2 X 2 mertebeli B, B,, B3 ve
B,blok matrislerine asagidaki gibi ayrilir. Yani

B, = (Z]Zc), B, = <; C}ll), B; = ((I: (l)) ve B, = (‘r; :) matrisleri elde edilir.

Blok matris sayisin b ile gosterirsek; n’ yi

seklinde tanimlayabiliriz. Bu ¢aligmada karesel sayilar ve buna bagh

{3, b<3
b, b>3
olarak elde edilen “Cassini 6zdesligi” kullanilarak iiretilen yeni kod ve kod ¢6zme
algoritmasin1 uyguluyoruz. 29 harfli Tiirkce alfabeye ek olarak () bosluk dahil olacak
sekilde 30 harfli A, B, C, ..., (®) karakterlerine sirastylan,n+ 1,n+2,n+3,...,n+
29 karsilik gelecek seklinde yerlestirilir.
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Tablo 1. Harflere karsilik gelen kod sayilar

A B C C D E F G G H
n n+1 n+2 n+3 n+4 n+5 n+6 n+7 n+8 n+9
I i J K L M N (@) o) P

n+10 | n+11 | n+12 | n+13 | n+14 | n+15 | n+16 | n+17 | n+18 | n+ 19

R S S T U U \% Y Z °

n+20 | n+21 | n+22 | n+23 | n+24 | n+25 | n+26 | n+27 | n+28 | n+29

Tablo1’deki n sayisina bagli olarak elde ettigimiz veriler ile X matrisi olusturulur.
Sonra X matrisi B;blok matrislerine ayrilir. Olusan blok sayisina bagli olarak n degeri
belirlenir. Harflere karsilik gelen degerler. Yazilan degerlere karsilik olusan blok
matrislerin determinantlart yazilir hesaplanir. Bu determinantlar 4 X 4 mertebeli
asagidaki S matrisinin ilk siitununa yazilir. Ikinci siituna sirasiyla By, B,,B; ve B,
matrislerinin 1. Satir ve 1.slitundaki elamanlari, tiglincii siituna sirasiyla B,, B,, B3 ve B,
matrislerinin 1. satir ve 2. siitundaki elamanlari ve son olarak dordiincii siituna
sirastyla By, B,, B3 ve B, matrislerinin 2. Satir ve 2.slitundaki elamanlar1 yazilir. 2. satir
ve 2. siitundaki degerleri yazmamamizin sebebi sifre ¢cozme yonteminin dogru ¢alisip
calismadigini kontrol etmek i¢indir. Eger asagida verilen (1) esitligindeki x; degerlerinin
2.satir ve 2. stitundaki degerleri veriyorsa bu durumunda sifre ¢ozme algoritmast
dogru ¢aliyor demektir. Burada 2. satir ve 2. siitundaki degerler rastgele se¢ilmis olup
2.satir ve 2. siitundaki degerler diginda diger satir ve slitunlardan herhangi biri i¢in de
benzer islemler yapilabilir. Boylece sifreleme algoritmasi sonlandirilir.
Sifre ¢6zme algoritmasi baslatilir. Sifre ¢ézme algoritmasinda kullanacagimiz
terimlerden olan Z, asagida verilen Z,, matrisinin her bir elemanini temsil etmektedir.
Karesel sayilar matris formati ile

Zn_<Zri+1 Zn

Zn Z_n—l
Benzer sekilde licgensel sayilar
T. <Tn+1 Tn )
=l ~ -
T Tha

matris formati ile gosterilir ve karesel sayilar i¢in elde edilen ve sifre ¢6zme esnasinda
kullanilan formiil iiggensel sayilar i¢inde T,,_;Tp41 — T,? = —T, seklinde elde edililir.
Daha sonra t! , t} degerleri hesaplanir ve

tt =Z,bt + Z3bk

té =Z_2b§' + Z_4bi
Seklinde formiile edilir. Burada b}, k = 1,2,3,4 degerleri verilen ciimlelerden olusturulan
X kare matrisinin 2x2 kare matrislerine boliinmesinden sonra elde edilen Bj matrisinin
elemanlarini temsil etmektedir.

Son olarak Bj; matrisinin degerlerini bulmak i¢in asagida bulunan formiil
kullanilarak sifre ¢ozme algoritmasinin dogru bir sekilde ¢alisip ¢alismadigr kontrol
edilir. Bu formiil
(—2n?% + 1)d; = si(Zax; + Zabl) — ti(Z1x;+ Z3bL) (1)

) seklinde gosterilir.
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seklinde ifade edilir.
Boylece sifre ¢dzme algoritmasi sonlandirilir. Yukaridaki islemleri daha
sistematik olmasi agisindan algoritmik olarak asagidaki 6rnegi goz Oniine alalim.

Ornek:
“KAYBET VE OGREN” kelimesini ele alalim.
[lk olarak X matrisini ve bloklara ayrilmis B; matrislerini olusturalim. X matrisi

K A Y B

|E T @ V . ,
X= F e 0 ¢ seklinde olur. Boylece,

R E N @

(K A (Y B _(E ® (0 G
Bl_(E T) BZ_(O V) B3_(R E) B4_(N o)

Blok matrisleri elde edilir. 4 adet 2 X 2 blok matris olustugu i¢in b = 4 > 3 olur ve n’
nin tanimindan n = 4 elde edilir. O halde mod30’a gore degerleri yeniden yazarsak:

K |A Y B E T

17 4 1 5 9 27

v |0 G |R N | ®

0 22 |12 24 20 3
elde edilir.
Asagida mod30’a gore blok matris elemanlarinin aldig1 degerleri yerine yazilmistir:
5 1:(197 247) B 22(% g) B 3:(294 3) B‘*:@(Z) 132)
Blok matrisleri satir ve siitun siralarina gore su sekilde yazalim:
bi=17  bi= b;=9 bi=22
by;=4 b5=5 b5=3 by=12 2)

bl=9  b2=3 p3=24 bi=20
bi=27 bZ=0 b3=9  bi=3

Simdi mod30’a gore blok matrislerin determinant hesaplamalarint yapalim:

det(By) =d1=459 - 36 =423

det(By)=d2=0-15=-15 3)
det(B3) =d3=81-72=9

det(B,) =ds= 66 —240=-174

(2) ve (3)’ ten S matrisi elde edilir:
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423 17 4 27
-15 1 5 0
9 9 3 9

—-174 22 12 3
Boylece sifreleme algoritmasi sonlandirilir. Sifre ¢6zme algoritmasi baglatilir.

Oncelikle karesel say1lardan olusan matris gosteriminde bulmus oldugumuz n = 4 degeri
icin agagidaki matrisi olusturalim:
Zs Zy 25 16
Z4_<Z‘4 2‘3)_ (16 9 )
Buradan Z; =25, Z>=16, Z5=16, Zs=9 oldugu goriiliir.
Simdi t! ve t& degerlerini hesaplayalim:
ti=Z1b] + Z3b} =25.17 + 16.4 = 489
t?=71b? + Z3b% =25.1+16.5=105
t3=7\b3 + Z3b3 =259+ 16.3 =273
t1=7 bt + Z3b5 =25.22 + 16.12 = 742
ve
ti=Z>b] + Zsby =16.17+9.4 =308
t2=7,b% + Z4b% =16.1 + 9.5 =61
t3=7>b3 + Z4sb3 =169 +93 =171
t3=Z>bf + Zsb; =16.22 +9.12 = 460
elde edilir.

S =

Simdi x4, x5, X3 ve x,elamanlarinin degerlerini bulalim:
(—2n% + 1) dy = t}(Zox,+ Zab}) — t2(Z1x, + Z3b})
-31.423 =489 (16.x, +9.27) — 308 (25. x; + 16.27)
-13113 = 124x, — 14229

1116=124x;

x, =b3=9,

(=2n% + 1) dp = t{(Zaxy+ Zaby) — t5(Z1x, + Z3b3)
-31.-15=105 (16.x, + 9.0) — 61 (25. x, + 16.0)
465 =1680x, — 1525x,

465 = 155x,

x, =bi=3,

(—2n% + 1)d3 = t3(Zoxz+ Zab3) — t3(Z1x3 + Z3b3)
-31.9=273 (16.x3+9.9) — 171 (25. x3+ 16.9)
-279 =93x5 — 2511

2232=93x;

x3 =bi=24,

(—2n% + 1)dy =t} (Zoxa+ Zab}) — t5(Z1x, + Z3b%)
-31.-174 =742 (16.x4 + 9.3) — 460 (25. x4 + 16.3)
5394 =372x, — 2046

7440=372x,

x4 =b3=20.

Bulmus oldugumuz X1.X X3 Ve Xy degerleri aradigimiz

2.satir ve 2. siitundaki degerleri yani m},1 <i <4 elemanlarma denk geldiginden
algoritmamizin dogru ¢alisti§1 sonucuna varilmaktadir. Simdi B; matrislerini olusturalim:
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B(y 5) B(G o) By o) Bl 3)

Buradan X matrisini olusturursak;
17 4 1 5 K
X = 9 27 3 0 _ E
9 3 22 12 E
R

24 9 20 3

Pl N

SN IS
@<

elde ederiz boylece gdonderdigimiz mesaj climlesine ulagmis oldugumuz i¢in sifreleme ve
sifre ¢cozme algoritmasinin dogru ¢alistigini ispat ederek islemi sonlandirmis oluruz.
Yukarida ele almis oldugumuz adimlarda detayli olarak karesel sayilarda kodlama
islemini gosterdikten sonra, yapilan kodlama islemlerinde daha giiclii ve giivenilir bir
kodlama olusturmak i¢in ikinci agamaya gectik. Bu asamada hem {i¢ggensel hem karesel
sayilar1 kullanarak “Biitiinlesik Kodlama™ adin1 verdigimiz bir sifreleme ve sifre ¢6zme
algoritmast olusturduk.

Bu kisimda ele alacagimiz bu yeni yontemde hem tiggensel hem de karesel sayilara
ait matris formundan yola ¢ikilarak i nin tek oldugu durumlarda tiggensel matris formati
kullanilirken ¢ift oldugu durumlarda ise karesel sayilardan olusan matris formati
tizerinden islemler yapilacaktir. Bu sekilde sifre ¢cozme islemi daha karmasik ve giiglii
hale gelecektir.

Biitiinlesik Kodlama Modeli

Kodlama Algoritmasi:

Adim 1: K matrisini blok B; matrislerine bol.

Adim 2: n sayisini bul.

Adim 3: b} (1 < j < 4) degerlerini bul.

Adim 4: B; matrislerinin determinantlarini hesapla. (det(B;) = di)
Adim 5: F = [det(B;), b}] matrisini olustur.

Adim 6: Algoritmay1 sonlandir.

Kod Cozme Algoritmasi:

Adim 1: T,,matrisini olustur.

Adim 2: Z,, matrisini olustur.

Adim 3: T,,1bt + T, b — el olustur.

Adim 4: Z,,,.bt + Z, b5 — elolustur.

Admm 5: T, b} + T,_,b5 — e} olustur.

Adim 6: Z,,.bt + Z,_,.b5 — el olustur.

Adim 7: =T,.d; = el ( Tpb + Tro1x;) — eb( Tnaabl + Thx;) coz.
Adim8:(—2n? + 1)d; = el(Z,bs + Z_1x;) — ei(Zns1 bl + Zpx;) g6z
Adim 9: x; = b}

Adim 10: Algoritmay1 sonlandir.

Yukarida adimlar agagidaki 6rnek tizerinden gosterelim.

Ornek:
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“INSANI SADECE BILIM SANAT YUCELTIR” ciimlesini asagidaki sekilde X

matrisinin igerisine yerlestirelim.

1 N
S

aN=Z~m=
o> =0y ~

O

~~ R -
o> —O

T
Kodlama Algoritmast:
Adim 1: X matrisini blok (2x2) mertebeli B; matrislerine bol.

P R N
n=f ] m=[2 0 s=[} ]
=[] 5l me=[ 8 B=[

Adim 2: b > 3 i¢inn = b oldugundan b = 9 = n olur. n = 9 igin karakter tablosundan
X matrisindeki harfleri yerlestirirsek;
I NSAN I .SAD E C E .

) 20 25092519809131411148
B1LI1IM.SANAT.YUCE LTTIR..

102023202480925928641114232202988

Adim 3:
b} =20 bi=25 bi=8 bi=0
b?=0 b2=9 b2=9 b?=13
b3=25 b3=19 b3=14 b=11
bt =14 b3=8 bi=24 bi=38
b?=10 b3 =20 b3=0 b;=9
b =23 bS=20 bS=25 b;=9
b]=2 b]=8 b];=23 b]=29
b¥=6 bE=4 b$=20 bE=29
b =11 bj=14 bi=8 b]=8

Adim 4: Simdi B; matrislerinin d; determinantlarini hesapla.
det(B,) = |20 25| —d, = —200

det(B,) = 9 13| —d, =
det(Bs) = |ﬁ ﬁ| —d, = 275 - 266 =9
det(B,) = Bj g —d,=112—192 = —80
det(Bs) = | %) 2)| = ds = 90
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23 20
25 9

det(B,) = |223 §| —d, =4—184 = —180

det(Bg) = | = dg = 207 — 500 = —293

det(Bg) = |260 249| —dy = 174 — 80 = 94
det(B,) = |181 184| —d, = 88— 112 = 24

Adim 5: Adim 3 ve Adim 4 ten F matrisi olusturuldu. Burada, bi 1=1,2,3,4,5,6,7,8,9
degerleri aranan degerler oldugu i¢in yazilmamustir.
—200 20 25 87

-81 0 9 9
9 25 19 14
—-80 14 8 24
F=]190 10 20 O
—293 23 20 25
—-180 2 8 23
94 6 4 20
L —-24 11 14 8-

Adim 6: Algoritmay1 sonlandir.

Kod Cozme Algoritmasi

Adim 1:

T. — Tio Ty =[55 45
ST T, Tl 45 36
Adim 2:

7 =% Z =[100 81
°T |z, Zgl 181 64

Adim 3: Eger i tek say1 ise biz T,, matrisini kullanacagiz.
Simdi e! degerlerini i=1, 3, 5, 7, 9 i¢in hesaplayalim.
ei = 55.20 + 45.25 = 2225

el = 55.25+45.19 = 2230

e? = 55.10 + 45.20 = 1450

e] = 55.2+458 = 470

e; = 55.11 + 45.14 = 1235.

Adim 4: Eger i cift say1 ise biz Z,, matrisini kullanacagiz. Simdi e} degerlerini i =
2,4,6,8 icin hesaplayalim.

e? =100.0 + 81.9 = 729

ef =100.14 + 81.8 = 2048

e? =100.23 + 81.20 = 3920

e =100.6 + 81.4 = 920
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Adim 5: i’nin tek say1 degerleri i¢in benzer sekilde T,, matrisini kullanalim.
es = 45.20 + 36.25 = 1800

e5 = 45.25 + 36.19 = 1809

e; = 45.10 + 36.20 = 1170

e] =45.2+36.8 =378

e; = 45.11 + 36.14 = 999

Adim 6: i’nin ¢ift say1 degerleri i¢in benzer sekilde Z,, matrisini kullanalim.
eZ =81.0+64.9 =576

e; = 81.14 + 64.8 = 1646

eS =81.23 + 64.20 = 3143

e =81.6 + 64.4 = 742

Adim 7: Eger tek say1 ise- Ty.d; degerini kullanacagiz (i = 1,3,5,7,9)
—45.(—=200) = 2225.(45.8 + 36.14) - 1800(55.8 + 45. x;)
9000 = 9000 — 900 x4

x; = 0,

—45.(9) = 2230(45.14 + 36 x3)

—405 = 1.404.900 + 80.280 x5 — 1.392.930 — 81.405 x5
—405 = 11970 - 1125

x; = 11,

—45.90 = 1450.(45.0 + 36 x5) — 1170(55.0 + 45 x5)
—4050 = 52.200 x5 - 52.650 x5

—4050 = —450 x5

— Xg = 9,

—45.(—180) = 470.(45.23 + 36 x,) - 378.(55.23 + 45. x,)
8100 = 486450 + 16.920 x, - 478.170 - 17010 x,

8100 = 8.280 - 90 x,

180 = 90 x,

xX; =2,

—45.(—24) = (45.8+ 36 x9) —999. (55.8 + 45 xy)

1080 = 444600 + 44460 xq - 439560 - 44.955 x4

1080 = 5040 - 495 x4

3960 = 495 x4

X9 = 8§,

Adim 8: Eger i ¢ift say1 ise (-2n? + 1).d; degerini kullanacagiz. (i = 2,4,6,8)
(—=2.81+1).(—81) = 4729.(81.9 + 46.656 x,) - 576.(100.9 + 81 x,)
13041 = 531.441 + 46.656 x, - 518400 - 46656 x,

13041 = 13041

X, €R

(—161).(—80) = 2048.(81.24 + 64 x,) - 1646.(100.24 + 81 x,)
12880 = 3981312 4+ 131072 x, - 3950400 - 133326 x,

18032 = 2254 x,

X, = 8,

(—161).(—293) = 3920.(81.25 + 64 x¢) - 3143.(100.25 + 81 x¢)
47173 = 7938000 + 250880 x, - 7857500 - 254583 x4

10
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47173 = 85000 - 3703 x¢
33347 = 3703 x¢
x6 = 9,

(—161).(94) = 924.(81.20 + 64 xg) - 742.(100.20 + 81 x)
—15134 = 1496880 + 59136 x4 — 1484000 - 60102 xq
—15134 = 12880 — 966 x4

28014 = 966 xg

xg = 29,
Adim 9:
x,=b3=0, x,=b2=R, x;=b3=11
X,=b'=8,  xg=b3=9, x=h$=9
x,=b]=2 xg=h8=29 Xo=h3=8.

Bdylece, aranan biitiin x; = bi, i =1,2,3,4,5,6,7,8,9 degerleri bulunmus olur.

Adim 10: Algoritmay1 sonlandir.

Boylece daha karma model olan ve Biitiinlesik Kodlama Modeli olarak
adlandirdigimiz iglemlerin agamalarini 6rnek ile agiklamis olduk. Bu sistemde iki say1
dizi kullanildig1 i¢in yapilan sifre ¢ozme islemleri sadece bir say1 dizisine gore

giivenirliginin daha yiiksek olacagi agiktir.

Asagida python da ornek olarak olusturulan herhangi bir matris ve yukarda

bahsedilen algoritmik islemlerle kodlamanin giivenirligi sayisal olarak ele alinmistir:
Python Kodu:

import numpy as np
import matplotlib.pyplot as plt
# Ornek bir matris K olustur
K =np.array([[5, 8, 9, 12],

[15, 18, 20, 25],

[30, 32, 35, 40],

[45, 50, 55, 60]])
#B 1 ve B_2 matrisleri olustur
B 1=K][:2,:2] # Ik iki satir ve iki siitun
B 2 =K]2:, 2:] # Son iki satir ve iki siitun
# Matrislerin determinantlarin1 hesapla
det B1 =np.linalg.det(B_1)
det B2 =np.linalg.det(B_2)
# Rastgele b_j™ degerleri
b 1 =np.random.randint(10, 20, size=(4,))
b 2 =np.random.randint(10, 20, size=(4,))
b 3 =np.random.randint(10, 20, size=(4,))
b_4 =np.random.randint(10, 20, size=(4,))
# F matrisini olustur (det(B_i), b_k")
F =np.array([det B1, *b 1])
# Degisim oranlarini hesaplamak i¢in belirli adimlar1 kullan

11
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determinants = [det B1, det B2, F[0]]

# Degisim oranlarini hesapla

change rate = [abs(determinants[i+1]- determinants[i]) for i in range(len(determinants)-
D]

# Giivenilirlik hesaplamasi

# Giivenilirlik, degisim oranlarinin tersine orantilidir, daha kiiciik degisimler daha yiiksek
giivenilirlik anlamina gelir

reliability = 1 / (1 + sum(change rate)) # Daha diisiik degisim daha yiiksek giivenilirlik
# Grafiksel gosterim

steps =['B_1','B_2', 'F'] det values = determinants # det(B1), det(B2), F[0] (det(B1))

# Grafik ¢izimi

plt.plot(steps, det _values, marker='0', linestyle='-', color="b', label="Matris Degerleri')
plt.title('Sifreleme Algoritmasi Giivenilirlik Testi')

plt.xlabel('Adimlar')

plt.ylabel('Degerler")

plt.grid(True)

plt.legend()

# Giivenilirlik diizeyini yazdiralim

plt.text(1, max(det values) - 2, f'Giivenilirlik Diizeyi: {reliability:.4f}', fontsize=12,
color="red")

# Grafik gosterimi

plt.show()

# Giivenilirlik diizeyini konsolda yazdiralim

print(f"Giivenilirlik Diizeyi: {reliability:.4f}")

Sifreleme Algoritmasi Guvenilirlik Testi

=307 Guvenilirlik Duzeyi: 0.007
_4(] -
_50 -

_60 -

Degerler

_?O -

_80 -

_90 -

_100 4 —®— Matris Dedgerleri

T T
B 1 B2 F
Adimlar

Giovenilirlik Duzeyi: 2.80871

Sekil 1. Sifreleme algoritmasi gilivenirlik testi

Sekil 1 de elde edilen 0.0071'lik giivenilirlik diizeyi, sifreleme algoritmanizin
oldukga giivenli ve karmasik oldugunu, ancak ¢6ziilmesinin zor oldugunu gosteriyor. Bu

12
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durum, algoritmanizin gii¢lii bir sekilde korunmus oldugu ve sifre ¢ozme isleminin
ylksek hesaplama giicli gerektirdigi anlamina gelir.

Degiskenlik: Giivenilirlik diizeyinin 0.0071 olmasi, algoritmanin her bir
adimindaki determinantlarin ve matris degerlerinin biiylik degisimlere ugradigini
gosterir. Bu, sifrelemenin olduk¢a dinamik ve istikrarsiz oldugunu, yani her adimda
belirgin degisiklikler yasandigini belirtir.

Giivenlik: Digiik giivenilirlik genellikle daha yiiksek giivenlik anlamina gelir.
Ciinkii sistemdeki degiskenlik ve dalgalanma, sifrenin ¢dziilmesini daha zor hale
getirebilir. Sifrelenecek veriler arasinda biiyiik farklar oldugu ig¢in, potansiyel bir
saldirganin ¢oziimleme yapmasi oldukga giiglesir.

Cok Karisik Yapi: Algoritmanizda belirgin dalgalanmalar ve degisiklikler
oldugunda, bu sifrelemenin daha karmasik oldugu anlamina gelir. Bu tiir sifreleme
algoritmalari, genellikle daha giivenli kabul edilir ¢ilinkii ¢oziilmesi i¢in ¢ok sayida
olasilik ve yol vardir.

Tartisma ve Sonug¢

Kriptoloji Giinliik hayattimizin her alaninda, internet aligverisinden banka
islemlerine kadar, kriptoloji sessiz bir kahraman gibi bilgi giivenligimizi koruyor. Kredi
kart1 ¢iplerimizden kimlik numaralarimiza kadar uzanan genis bir yelpazede, hassas
bilgilerimizi korumak i¢in kriptolojiye gliveniyoruz.

Internetin ve veri iiretiminin hizla biiyiimesi, sifreleme ve sifre ¢dzme islemlerinin
de daha hizli ve giivenli hale gelmesini gerekli kiliyor. Bu amacla, bilgisayarsiz veya
programlanabilir sifreleme yontemlerine ihtiya¢ duyulmaktadir.

Calismamiz, mesaj kelimelerini 2x2 kare matrislere bolerek ve matris ve
determinant islemleri ile sifreleme/cozme algoritmasi olusturarak bu alana yeni bir bakis
acis1 getiriyor. Algoritmamiz, esnek yapisi ve yiiksek performansi ile genis bir kullanici
kitlesine hitap ediyor. Gelistirilen sifreleme algoritmasini kullanan bir mobil uygulama,
Flutter uygulama c¢atis1 ile gelistirilerek hem Android hem de IOS cihazlarda
calisabilmesi saglanabilir.

Burada kullanilan Cassini 6zdesliginin yerine daha genel hali olan Catalan 6zdesligi
(“Catalan 6zdesligi”, 2023),

Fi=Fnprbpr = (D" "EF2,n 21
alinarak sifre ¢6zme algoritmasin da » sayisina bagli olarak » tane farkli formiil {izerinden
sifre cozme algoritmasi uygulanabilir.

Etik Standartlar Bildirgesi

Bu makalenin sunulmasiyla birlikte beyan ederim ki: Bu arastirma makalesinin
yazari, bu ¢calismanin planlanmasina, yiiriitiilmesine veya analizine dogrudan katilmistir.
Bu makalenin yazarlar1 génderilen son versiyonu okumus ve onaylamistir. Bu makalenin
icerigi baska bir yerde sunulmamis, telif hakki alinmamis veya yaymlanmamistir. Bu
makalenin igerigi, dergi tarafindan kabulii degerlendirilirken telif hakki alinmayacak,
sunulmayacak veya bagka bir yerde yaymlanmayacaktir.

13
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Yazarhk Katki Beyam

Yazar 1: Yazar calismanin konsept ve tasarimina katkida bulunmustur. Materyal
hazirlama, veri toplama ve analiz Bahar KULOGLU tarafindan gergeklestirilmistir.
Makalenin ilk taslagi Bahar KULOGLU tarafindan yazilmis ve yazar makalenin son
halini okuyup onaylamaistir.

Cikar Catismas1 Beyam

Finansman: Herhangi bir fon, hibe veya diger destekler alinmamistir. Cikar ¢atismalar1 /
Rekabet eden cikarlar: Yazarlar, bu makalede tartisilan konu veya materyallerle ilgili
herhangi bir mali ¢ikar1 veya mali olmayan ¢ikar1 olan herhangi bir kurulus veya kurulusla
baglantilar1 veya katilimlar1 olmadigini onaylar.

Veri ve materyallerin mevcudiyeti: Gegerli degil.

Kod kullanilabilirligi: Gegerli degil.

Insanlar1 ve/veya hayvanlari iceren ¢alismalarin sonuglarini bildiren yasam bilimleri
dergilerindeki makaleler i¢in ek beyanlar: Gegerli degil.

Etik onay1: Gegerli degil

Katilim onay1: Kabul ediyorum

Yayin i¢in onay: Kabul edildi.

Verilerin Kullanilabilirligi

Bu calisma sirasinda olusturulan veya analiz edilen tiim veriler, yaymlanan bu
makaleye dahil edilmistir.

Tesekkiir

TUBITAK Bilim Insani Destek Programi Baskanlhigi tarafindan 2023 yilinda
diizenlenen aragtirma projeleri bolge finali yarigsmasinda 3. liik 6diiliine layik goren biitiin
jiri ekibine yapict elestirileri ile ¢alismamizin gelistirilmesine olan destek ve
katkilarindan dolay1 tesekkiir ederiz.
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Ozet

Bugday, diinyada yaygin olarak yetistirilen ve insan beslenmesi i¢in stratejik dneme sahip bir tarim
iiriiniidiir. Ancak {iiretim alanlarmin daralmasi, iklim degisiklikleri ve bitki koruma sorunlart &zellikle
yabanci otlar, bugday iiretimini olumsuz etkilemektedir. Yabanci otlar, bugdayla rekabete ederek verim ve
kalite kayiplarma yol agmakta, diger hastalik ve zararlilara da konukguluk yaparak ciddi ekonomik zarara
neden olmaktadir. Ayrica yabanci otlar, bugday tohumuna karisarak tohumluk ve un kalitesini diigiirmekte
ve insan sagligini olumsuz etkilemektedir. Bu ¢alismada, 2020 ve 2021 yillarinda Siirt Kurtalan il¢esinde
bugday iiriiniine karisan yabanci ot tiirleri ve yogunluklarimni belirlemek i¢in selektérden 6nce 95 6rnek ve
selektorden sonra 14 6rnek olmak tizere toplam 109 bugday ornegi ile yiriitiilmiistiir. Analizler sonucunda
bugday {irlinliniin icerisinde 16 familyaya ait toplam 62 yabanci ot tohumunun karigtig1 tespit edilmistir.
Bugday iiriinii icerisine sayisal olarak en fazla karisan yabanci ot tohumlari selektdrden once Sinapis
arvensis L. (%34,25), Avena sterilis L. (%12,20), Hordeum vulgare L. (11,43), Galium aperina L. (%8,92),
Festuca spp. (%8,49) Phalaris brachystachys Link (%5,20) ve Ranunculus arvensis L. (%3,72) tiirleri
bulunurken, selektorden sonra ise Hordeum vulgare L. (%31,83), Polygonum aviculare L. (%20,69),
Rapistrum rugosum (L.) All. (%7,67), Galium aperina L. (%6,41) ve Avena sterilis L. (%5,88) tiirleri
bulunmustur. Hem ¢iftcilerle yapilan goriismeler hem de caligma sonuglart degerlendirildiginde, bugday
iiretiminde yabanci ot sorununun 6nemli bir seviyede oldugu ve baz tiirlerin miicadeleye ragmen yogun
sekilde tohum tiretmeye devam ettigini géstermektedir. Bu nedenle, yabanci otlarin bolgedeki popiilasyon
ve dagilimlarini kontrol altina almak i¢in sertifikali tohumluk kullaniminin yayginlastirilmasi, topraktaki
tohum rezervinin azaltilmasi ve farkli miicadele yontemlerinin bir arada kullanildig1 entegre miicadele
yaklagimlarinin uygulanmasi 6nerilmektedir.

Anahtar Kelimeler: Bugday, yabanci ot tohumlari, bulasma, selektor, Kurtalan, Siirt

Determination of Weed Seeds Contaminating Wheat Crops in Siirt's
Kurtalan District

Abstract

Wheat is a widely cultivated and strategically important agricultural crop for human nutrition
worldwide. However, shrinking cultivation areas, climate changes, and plant protection challenges,
especially weeds, adversely affect wheat production. Weeds compete with wheat, leading to yield and
quality losses, and act as hosts for other pests and diseases, causing significant economic damage.
Additionally, weeds contaminate wheat seeds, reducing seed and flour quality, and negatively impacting
human health. This study was conducted in 2020-2021 in the Kurtalan district of Siirt to identify weed
species and their densities contaminating wheat crops. A total of 109 wheat samples were analyzed,
including 95 samples before sieving and 14 samples after sieving. The analysis revealed that a total of 62
weed seed species belonging to 16 families were present in the wheat samples. Before sieving, the most
abundant weed species were Sinapis arvensis L. (34.25%), Avena sterilis L. (12.20%), Hordeum vulgare
L. (11.43%), Galium aparine L. (8.92%), Festuca spp. (8.49%), Phalaris brachystachys Link (5.20%), and
Ranunculus arvensis L. (3.72%). After sieving, the dominant species were Hordeum vulgare L. (31.83%),
Polygonum aviculare L. (20.69%), Rapistrum rugosum (L.) All. (7.67%), Galium aparine L. (6.41%), and
Avena sterilis L. (5.88%). Interviews with farmers and study results indicate that weeds pose a significant
problem in wheat production, with some species continuing to produce
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high seed densities despite control measures. Therefore, it is recommended to promote the use of certified
seeds, reduce the soil seed bank, and adopt integrated management approaches combining various control
methods to manage the population and distribution of weeds in the region.

Keywords: Wheat, weed seeds, contamination, sieving, Kurtalan, Siirt
Giris

Bugday (Triticum aestivum L.) dlinya ¢apinda 219.6 milyon hektardan fazla alanda
yetistirilen ve kiiresel gida ihtiyacinin yaklasik %21'ini saglayan 6nemli bir tahil tirtiniidiir
(FAO, 2024, USDA, 2024). Son yillarda yasanan salgin hastaliklar, savas ve ekonomik
sarsintilar nedeniyle gelismis iilkeler dahil diinya genelinde bugday stoklarinda 6nemli
sorunlar yasanmis ve gida krizi allarim vermis durumdadir. Bu nedenle bugday iiretimi
gecmiste (0zellikle kitlik yillarinda) oldugu gibi gelecekte de kiiresel gida giivenligi i¢in
hayati bir 6neme sahiptir. Nitekim bugiin bile stratejik bir {iriin olan tahillar hem ekim
alan1 hem de iiretim bakiminda tarimsal liretimde ilk sirada gelmektedir (Kagan ve
Tursun, 2019). Ancak siirdiiriilebilir bugday iiretimi degisen iklim 6zellikleri nedeniyle
zorlanmaktadir (Nakka ve ark., 2019). Ayrica bugday iiretimde; yonetim sistemleri,
bolgesel ekolojik faktorlerin yani sira agroteknik uygulamalar (ekim derinligi, ekim
zamani, birim alana diisen dane sayisi vb), tohumlugun tiirii/cinsi ve kalitesi ve
agrofajlarin (hastalik, zararli ve yabanci ot) istilas1 vb faktorler verim ve kaliteyi 6nemli
diizeyde etkilemektedir (Wozniak, 2019).

Tahil {iretiminde yoOnetimsel (monokiiltiir gibi) uygulamalar bitki koruma
etmenlerinin (hastalik, zararli ve yabanci otlarin) popiilasyon yogunluklarinin daha da
artmasina sebep oldugu gibi, yiiksek miktarda pestisit kullanilmasina, kalint1 sorunu ve
dayaniklilik sorunlarina da neden olmaktadir (Mal ve ark., 2015; Mehmeti ve ark., 2018).
Ayrica geleneksel tarim uygulamalar1 toprak ekosistemi icerisinde Ozellikle organik
maddenin azalmasi, organik karbon ve toplam nitrojen icerigi gibi toprak ekolojisinde
onemli degislikler meydana getirerek topraklarin verimsizlesmesine sebep olmaktadir
(Cattaneo ve ark., 2014; Lal, 2016).

Dolayisiyla tarimsal uygulamalar ve iklim degisikligi bugday yetistiriciligi olumsuz
etkiledigi gibi yetistiricilikte sorun olusturan bitki koruma etmenlerinin biyolojik ve
kontroliinde olusturdugu derin etkiler siirdiiriilebilir bugday tretiminde biiyiik riskler
sebep olmaktadir (Nakka ve ark., 2019). Nitekim bugday iiretiminde verim ve kaliteyi
etkileyen en onemli faktorlerden biri de yabanci otlardir (Sirr1, 2019). Yabanct otlarin
bugdayda neden oldugu potansiyel verim kayiplari kiiresel diizeyde ortalama %23 olarak
bildirilmektedir (Oerke, 2006). Tiirkiye’de ise bu oran yabanci ot tiirii ve yogunluguna
bagh olarak yaklasik %34 olarak belirlenmistir (Ozer, 1993). Dolayisiyla yabanci otlar
vejetasyon doneminde meydana getirdigi verim kayiplar1 ve girdi masraflarinin yani sira
bugday {irliniine karigmasiyla un ve ekmek kalitesini etkiledigi gibi insanlarda
zehirlenmelere bile neden olabildigini belirtilmislerdir (Ozer ve ark, 2001; Kordali ve
Zengin, 2009). Bu acidan degerlendirildiginde yabanci otlarla miicadelenin ne kadar
onemli oldugu ortaya ¢ikmaktadir.

Bu cer¢evede diinyanin farkli bolgelerinde yiiriitiilen caligmalarin sonuglari
degerlendirildiginde bugday verimini etkileyen baslica yabanci otlar; Alopecurus
myosuroides Huds., Anagallis arvensis L., Avena fatua L., Chenopodium album L.,
Convolvulus arvensis L., Galium aparine L., Lolium perenne L., Lolium rigidum Gaudin,
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Phalaris minor Retz. ve Raphanus raphanistrum L. gibi tiirleri oldugu rapor edilmistir
(Scursoni ve ark., 2011; Krachmer, 2016; Jabran ve ark., 2017). Ancak yabanci ot
tohumlarinin iirline karigma durumlar ise iilkeler arasinda degiskenlik gostermektedir.
Nitekim Almanya’da uzun dénemli (1974-90) olarak yapilan bir ¢calismada tahil iirliniine
karigan yabanci ot tohum bulasma oranin ortalama %0,5-2 arasinda oldugu bildirilmistir
(Fuchs ve Voit, 1992). Avustralya (Victoria)’da yapilan bir ¢calismada bugday ve arpa
iiriiniine karigan baglica yabanci otlar; Avena spp., Bromus spp., Lolium multiflorum,
Phalaris minér, Phalaris paradoxa ve Vulpia bromoides L. olarak tespit edilmistir
(Niknam ve ark., 2002). Diger bir caligmada ise Bati Avustralya’da bugday {iriiniine
karisan en yaygin yabanci otlarin Avena fatua, Hordeum vulgare, Lolium rigidum ve
Raphanus raphanistrum olarak belirlenmistir (Pippa ve ark., 2010)

Tiirkiye’de ise farkli bolgelerde yapilan caligmalarda bdlgesel olarak yabanci ot tiir
ve yogunluklar1 degiskenlikler goriilse de genel olarak bugday alanlarinda tespit edilen
24 familya ya ait 138 yabanci ot tiir oldugu belirtilmistir (Ozer ve ark., 2001; Tepe, 2014;
Giincan ve Karaca, 2018; Sirr1 ve ark., 2021; Sirr1 ve ark., 2023). Bu yabanci otlardan en
onemli ve miicadele edilmesi gereken tiirler; Alopecurus myosuroides, Avena sterilis,
Agrostemma githago, Bifora radians, Boreava orientalis, Caucalis spp., Cephalaria
syriaca, Convolvulus arvensis, Galium aparine, Cirsium arvensis, Lolium temulentum,
Papaver rhoaes, Ranunculus arvensis, Sinapis arvensis, Secale cereale ve Vaccaria
pyramidata olarak belirtilmistir (Glincan ve Karaca, 2018). Yabanci otlarin vejetasyon
doneminde meydana getirdikleri zararlarin yaninda bugday {irlinline karisarak kalite
diisiislerine sebep olmaktadir. Tiirkiye genelinde selektdrden gecirilmemis bugdaylarda
yabanci ot tohum karigma orani sayisal olarak %1,17 ve ortalama agirlik olarak ise %0,41
olarak hesaplanmistir (Gilincan ve Boyraz, 2001). Bu durumda iilkemizde her yil 20
milyon ton bugday iiretimi yapildig1 diisliniildiigiinde, bugday tohumu temizlenmedigi
taktirde 8,240 ton lizerinde yabanci ot tohumun una karigtig1 ya da tarlaya yeniden
tasinmis demektir. Bu durumda tohumluk olarak kullanilan bugday temizlenmeden
ekilmesi dekara ortalama 5600 yabanc1 ot tohumunun tasindigi veya m*’ye ortalama 5-6
adet yabanci ot tohumu bu sekilde tasiyarak yabanci ot bulasmasina neden olmaktadir
(Glincan ve Boyraz, 2001; Bozkan ve Karaca 2021). Tiirkiye’de bugday iiriiniine karisan
baslica yabanci ot tlirleri; Avena spp., Agrostemma githago, Cephalaria syriaca, Galium
spp., Hordeum vulgare, Lolium spp., Ranunculus arvensis ve Sinapis arvensis olarak
belirlenmistir (Kordali ve Zengin, 2009; Gokalp ve Uremis, 2015; Bozkurt ve Tursun,
2018; Kacan ve Tursun, 2019; Bozkan ve Karaca, 2021).

Bu caligmayla, bugday {iretiminde verim ve kaliteyi etkileyen en Onemli
sorunlardan biri olan yabanci otlarin, Siirt ili bugday tarim alanlarinin %50’ten fazlasinin
yer aldig1 Kurtalan ilgesinde bugday iirlinline karisan yabanci ot tohumlar1 ve karisim
oranlariin belirlenmesi amaglanmaistir.

Materyal ve Metot

Bu calismanin ana materyali 2020 ve 2021 yillarinda Siirt Kurtalan ilgesinde
tesadiifi olarak belirlenmis {iireticilerde hasat sonras1 bugday yiginlari/ambarlarinda (95
ornek) ve faaliyet gosteren 1 adet un fabrikasi ve 6 adet un degirmeni (14 6rnek) olmak
tizere toplam 109 bugday 6rnegi igerisinde bulunan yabanci ot tohumlar1 olusturmaktadir.

Bugday ornekleri; silolarda ve/veya toplama alanlarinda selektor isleminden dnce,
un fabrikasi ve un degirmenlerinde ise selektor isleminden sonra, rastgele secilen en az
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bes farkli nokta veya c¢uvaldan alinarak karistirllmig ve yaklasik 1 kg'lik ornekler
olusturmustur. Bu 6nekler uygun sekilde posetlenmis ve bugday ¢esidi, sulama durumu
(sulu veya kuru) gibi bilgilerle etiketlenmistir. Ayrica Tlreticilere; toprak isleme
yontemleri, miinavebe uygulamalari, karsilasilan bagslica yabanci ot tiirleri, bu otlarla
miicadele yontemleri ile herbisit temini ve kullanimi1 konularinda sorular yoneltilmis, elde
edilen veriler kayit altina alinmistir. Bugday ornekleri, yabanci otlarin ayiklanmasina
kadar Siirt Universitesi Ziraat Fakiiltesi Toprak ve Bitki Besleme Laboratuvari'nda uygun
kosullarda muhafaza edilmistir.

Laboratuvara getirilen drneklerin hassas terazide tartilarak her 6rnek 500 g olacak
sekilde ayarlanmistir. Daha sonra farkli boyutlardaki (6-60 mesh) eleklerden gecirerek
kaba ve cansiz materyaller temizlenerek yabanci otlar ayiklanmistir (Sekil 1). Bugday
iriiniine karigan yabanci ot tohumlar elle tek tek sayimlar1 yapilarak ayni tiire ait
tohumlar gruplandirilmig daha sonra teshis ve diger islemlerin yapilmasi i¢in 6zel
kutulara alinmistir (Sekil 1). Ayiklanan yabanci ot tohumlari, stereo mikroskop altinda
incelenmis ve foto-mikroskop altinda resimleri ¢ekilmistir (Sekil 2). Incelenen ve
resimleri ¢ekilen yabanci ot tohumlari, laboratuvardaki tohum koleksiyonu, tohum teshis
kitaplar1 (Ozer ve ark., 1999) ve farkli veri tabanlarda (Anonim, 2022a.b.c) yararlanilarak
teshisleri yapilmigtir. Teshisleri yapilan tohumlarin sayimlar: yapilmis ve hassas terazide
tartilarak agirliklarini hesaplanmistir. Elde edilen veriler 6rnek alinma miktarina
oranlamak i¢in % karisim oranlar1 hesaplanmistir. Ayrica her yabanci ot i¢in adet (%),
agirlik (%), rastlama sikliklar1 (%) ve yayginlik araliklart hesaplanmigtir. Hesaplamada
Giincan (2014) uyarlanmas;

Rastlanma siklig1 (RS) =Z/y x100 (Z: tiiriin rastlandig1 6rnek sayisi, y: alinan 6rnek
sayist) formiiller kullanilmistir. Ayrica Bag (2016)’ndan uyarlanarak hazirlanan yayginlik
skalasma gére; CR: ¢ok yaygin >%50,0, YR: yaygin %25,0-49,9, OR: énemli %10,0-
24,9, NR: nadir <%?9,9 olacak seklinde bir skorlama yapilmistir.

Sekil 1. Bugday 6rneklerin alinmasi ve yabanci ot sayimlari
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Bulgular ve Tartisma

Bugday orneklerinin alindigi iireticilerden elde edilen bilgilere gore, ilgede bugday
tiretimi genellikle kuru tarim yontemiyle gergeklestirilmektedir. Verimlilik ise iklim
kosullar1 ve iiretici uygulamalarina bagl olarak degiskenlik gostermektedir. Bolgede
bugday ekimi genellikle sonbaharda, geleneksel toprak isleme yontemi olan pullukla
yapilmakta; miinavebe uygulamalar1 ise ¢ogunlukla 2B+1M (iki yil bugday, bir yil
mercimek) ve/veya 3B+1M (ii¢ yil bugday, bir yil mercimek) seklinde
gerceklestirilmektedir. Ureticiler, bugdayda en 6nemli yabanci ot tiirleri olarak yabani
yulaf (Avena sterilis), yabani hardal (Sinapis arvensis) ve yapiskan ot (Galium aparine)
oldugu belirtilmislerdir. Yabanci otlarla miicadelede ise genellikle kiiltiirel ve kimyasal
yontemlerin birlikte kullan1ldig1, herbisit segimlerinin ise cogunlukla Il ve flge *deki zirai
ilag bayilerinin oOnerileri dogrultusunda yapildig1 ifade edilmistir. Ayrica, bugday
tiretiminde herbisitlere karst dayaniklilik gelistirdigi diisiiniilen yabanci ot tiirlerinin
ozellikle yabani yulaf (4. sterilis) ve yabani hardal (S. arvensis) oldugu belirtilmistir.

Siirt Kurtalan ilgesinde iki farkli donemde selektorden d6nce toplanan 6rneklerde
500 g bugday tirlinii igerisinde bulunan yabanci ot tohumlart ortalama 253.71 adet olarak
tespit edilmistir. Calismada incelenen 500 g’lik 6rnekte saptanan yabanci otlarin ortalama
agirhigt ise 3,455 g (% 0,69) olarak hesaplanmistir. Arastirmada selektérden dnce 500 g
bugday iirlinlin igerisinde 14 familyaya ait toplam 54 yabanci ota ait tohumlar tespit
edilmistir. Y1l bazinda degerlendirildiginde ise 2020 y1l1 i¢in 52 tiir, 2021 y1l1 i¢in ise 37
tiir yabanci ot tohumuna rastlanmistir. Calismanin ikinci yilinda yabanci ot tiir ve
yogunluklariin diisilk kalmasi bolgenin kurak bir vejetasyon donemi gegirmesi ve
miicadele uygulamalarindan dolay: diisiik kaldigi tahmin edilmektedir.

Calismada selektorden once bugday igerisinde saptanan yabanci ot tohumlarin
familya ve tiir sayilari; Apiaceae (6 tiir), Asteraceae (7 tiir), Boraginaceae (2 tiir),
Brassicaceae (5 tiir), Caprifoliaceae (1 tiir), Caryophyllaceae (2 tiir), Convolvulaceae (1
tiir), Fabaceae (7 tiir), Lamiaceae (2 tiir), Malvaceae (1 tiir), Papaveraceae (1 tiir), Poaceae
(15 tiir), Polygonaceae (1 tiir), Ranunculaceae (2 tiir) ve Rubiaceae (1 tiir) olarak
belirlenmistir (Cizelge 1). Tirkiye’nin farkli bolgelerinde bugday iiriiniine karigan
yabanci otlarin belirlenmesi ile ilgili yapilan ¢aligmalardan da benzer familyalar1 agirlikli
olarak bulundugu belirtilmistir (Gokalp ve Uremis, 2015; Bas ve ark., 2016; Bozkurt ve
Tursun, 2018; Kagan ve Tursun, 2019).

Bugday igerisinde karsilagsan yabanci ot tohum tiirleri, % adet sayisi, % agirlik
karigma oranlari, rastlama sikliklar1 ve yogunluklar1 Cizelge 1’°de verilmistir. Cizelge 1
incelendiginde yabanci otlarin karigma oranlar1 (% adet) olarak 2020 yilinda en yiiksek
olan tiirler; Sinapis arvensis L. (%39,6) alirken, Avena sterilis L. (%11.25), Festuca sp.
(%9.11), Galium aparine (%7.21), Phalaris brachystachys Link (%7.15), Hordeum
vulgare (%5.03) ve Ranunculus arvensis L. (%5.10) olmustur. 2021 yilinda ise en yiiksek
olan tiirler; H. vulgare (%26.41), S. arvensis (%21.53), A. sterilis (%14.42), G. aparine
(%12.80) ve Festuca sp. (%7.03) olarak belirlenmistir. Nitekim hem bugday
orneklerinde elde edilen sonuglar hem de ¢iftgilerle yapilan goriismelerde bugday
tiretiminde karilagan en 6nemli yabanci otlar sorusuna da yabani yulaf (4. sterilis), yabani
hardal (S.arvensis) ve yapiskan ot (G. aparine) cevaplar1 verilmistir.

Selektorden sonra 500 g bugday ornekleri icerisinde 15 familyaya ait toplam 36
yabanci ot tiirli tespit edilmistir. Belirlenen yabanci otlarin familya ve tiir sayilari;
Amaranthaceae (1 tiir) Apiaceae (2 tiir), Asteraceae (3 tiir), Boraginaceae (2 tiir),
Brassicaceae (3 tiir), Caprifoliaceae (1 tiir), Caryophyllaceae (1 tiir), Convolvulaceae (1
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tiir), Fabaceae (3 tilir), Lamiaceae (1 tiir), Poaceae (10 tiir), Polygonaceae (3 tiir),
Ranunculaceae (3 tiir) Roseaceae (1 tiir) ve Rubiaceae (1 tiir) seklindedir. Selektérden
sonra bugday icerisinde karigsma orant (% adet) en yliksek olan tiirler; H. vulgare
(%31.83), Polygonum aviculare (%20.69), Rapistrum rugosum(%7.67), G. aparine
(%6.41), A. sterilis (%5.88) ve R. arvensis (%3.68) olarak saptanmigtir (Tablo 1).

Lallemantia iberica Buglossoides arvensis

2 Neslia paniculata
Centaurea iberica P

Tordviium aegyptiacum

¢ s

Lisaea strigosa

Sekil 2. Bugday tohum igerisinde tespit edilen bazi yabanci otlar

Arastirmada Siirt Kurtalan ilgesinde selektérden once 500 g bugday igerisinde
ortalama 253.71 adet ve ortalama agirligr 3.455 g (%0,69) yabanci ot tohumlarinin
karistig1 ve sayisal olarak tohum sayisi en fazla olan yabanci ot tiirleri A. sterilis, G.
aperina, H. vulgare, R. arvensis ve S. arvensis olarak goriilmiistiir. Glineydogu Anadolu
Bolgesinde farkli illerde yapilan benzer ¢alismalardan da selektérden 6nce 1 kg bugday
icerisinde Adiyaman ilinde 801.890 adet (16.717 g), Gaziantep ilinde ise 680.538 adet
(15.316 g) yabanci ot tohumun karistig1 ve sayisal olarak en yaygin tiirlerin S. arvensis
ve H. vulgare oldugu tespit edilmistir (Tursun ve ark., 2004). Benzer bir ¢alismada 2001-
2005 yillar1 arasinda 1 kg’lik bugday iirlinline karisan yabanci ot tohum sayis1 ve
agirliklar1 belirlemek amaciyla yapilmis ve il bazindaki dagilimlar1 Adiyaman 801.89
(16,72 g), Batman 995.72 (14.79 g), Diyarbakir 538.49 (16.96 g), Gaziantep 680.54
(15.32 g), Siirt 492.86 (12.84 g) ve Sanlhurfa 1337.16 (24.14 g) olarak tespit edilmistir
(Tursun, 2011). Goékalp ve Uremis (2015)’te Mardin ilinde 1 kg bugday igerisinde
ortalama yabanci ot sayis1 973.05 adet, agirlik 15.16 g ve karigma orani ise %1.52 olarak
belirlenmis ve tohum sayis1 en yiiksek yabanci otlar A. sterilis, G. aperina, H. vulgare, S.
halepense ve S. marianum olarak saptanmistir.
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Tablo 1. Siirt Kurtalan il¢esinde bugday iiriiniine karigan yabanci ot tohum tiirleri, adet say1si (%), agirlik (%), rastlama siklig1 (%) ve skala degerleri

Selektérden Once Selektéorden Sonra
2020 2021
. EPPO Adet Agirhk RS Skala Adet Agirhk RS Skala Adet Agirhik RS Skala
Latince Ismi Code (%) (%) (%) degeri (%) (%) (%) degeri (%) (%) (%) degeri
Amaranthaceae
Chenopodium album L. CHEAL - I - I - - - - I - I - ‘ 0.21 ‘ 0.0001 ‘ 14.29 I OR
Apiaceae
Bupleurum rotundifolium L. BUPRO 0.02 0.029 2.17 NR - - - - - - - -
Caucalis platycarpos L. CUCLA 0.01 0.004 2.17 NR - - - - - - - -
Lisaea strigosa (Banks & Sol.) Eig LSAST 1.73 8.086 30.43 YR 0.26 0.289 18.37 OR 1.37 0.0059 14.29 OR
Scandix pecten-veneris L. SCAPV 0.01 0.027 2.17 NR - - - - - - - -
Tordylium aegyptiacum (L.) Lam. TORAE 0.03 0.013 4.35 NR - - - - - - - -
Turgenia latifolia (L.) Hoffm. CUCLF 0.01 0.026 2.17 NR - - - - 1.89 0.0084 14.29 OR
Asteraceae
Bidens tripartita L. BIDTR 0.01 0.037 2.17 NR - - - - - - - -
Centaurea iberica Trev. ex Spreng. CENIB 0.05 0.028 435 NR - - - - 0.11 0.0002 14.29 OR
Centaurea spp. CENSP 0.32 0.786 2391 OR 0.15 0.213 14.29 OR 0.53 0.0011 14.29 OR
Cichorium intybus L. CICIN 0.02 0.003 435 NR 0.11 0.0001 14.29 OR
Gundelia tournefortii var. tournefortii L. GUNTO 0.06 1.262 10.87 OR 0.03 0.622 4.08 NR - - - -
Lactuca serriola L. LACSE - - - - 0.03 0.002 4.08 NR - - - -
Silybum marianum L. SLYMA 0.01 0.049 2.17 NR - - - - - - - -
Boraginaceae

Anchusa azurea var. azurea Mill. ANCIT 0.12 0.666 10.87 OR 0.03 0.136 4.08 NR 0.63 0.0049 14.29 OR
Buglossoides arvensis subsp. sibthorpiana (Griseb.)

R.Fern. LITAR 0.04 0.068 8.70 NR 0.10 0.031 4.08 NR 0.74 0.0013 28.57 YR

Brassicaceae

Lepidium sp. LEPSP 0.28 0.017 2.17 NR - - - - - - - -
Myagrum perfoliatum L. MYGPE - - - - 0.04 0.033 2.04 NR - - - -
Neslia paniculata subsp. thracica (Velen.) Bornm. NEAAP 1.00 0.733 43.48 YR 1.51 0.396 26.53 YR 0.63 0.0009 42.86 YR
Sinapis arvensis L. SINAR 39.66 17.377 76.09 CR 21.53 2.617 87.76 CR 1.89 0.001 28.57 YR
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Rapistrum rugosum (L.) All RASRU - - - - - - - - 7.67 0.0128 14.29 OR
Sisymbrium sp. SISSP 0.08 0.006 2.17 NR - - - - - - - -
Caprifoliaceae
Cephalaria syriaca (L.) Schrad. CPISY ‘ 0.09 I 0.198 6.52 NR I 0.03 ‘ 0.033 ‘ 2.04 NR 1.58 ‘ 0.0058 ‘ 14.29 I OR
Caryophyllaceae
Silene aegyptiaca L. SILAE 0.24 0.047 17.39 OR 0.46 0.029 10.20 OR - - - -
Vaccaria hispanica ( Mill. ) Rauschert VAAPY 1.32 1.277 39.13 YR 0.37 0.140 18.37 OR 0.63 0.0007 42.86 YR
Convolvulaceae

Convolvulus arvensis L. CONAR ‘ 0.09 ‘ 0.201 15.22 OR 0.50 ‘ 0.396 ‘ 14.29 OR 0.84 ‘ 0.0037 ‘ 42.86 ’ YR
Fabaceae

Astragalus sp. ASTSP 0.06 0.110 2.17 NR - - - - - - - -

Lathyrus spp. LATSP 0.02 0.250 435 NR 0.03 0.037 4.08 NR - - - -

Lens culinaris subsp. culinaris Medik. LENCU 0.90 4.139 26.09 YR 0.76 2.086 22.45 OR 0.74 0.0047 28.57 YR

Pisum sativum subsp. sativum var. sativum L. PIBSX 0.04 0.447 8.70 NR

Trifolium spp. TRISP 0.01 0.038 2.17 NR 0.01 0.002 2.04 NR 0.21 0.0001 14.29 OR

Vicia cracca L. VICCR 0.01 0.014 4.35 NR - - - - - - - -

Visia spp. VICSP 0.61 2.089 36.96 YR 0.11 0.123 10.20 OR 0.63 0.0055 14.29 OR
Lamiaceae

Lallemantia iberica (M.Bieb.) Fisch. & C.A.Mey. LALIB 0.03 0.023 6.52 NR 0.24 0.082 6.12 NR 0.11 0.0001 14.29 OR

Salvia sp. SALSP 0.02 0.003 435 NR - - - - - - - -
Malvaceae

Alcea striata (DC.) Alef. subsp. striata ‘ AKAST ‘ 0.04 ‘ 0.092 4.35 NR ‘ - ‘ - ‘ - - - ‘ - ‘ - ’ -

Papaveraceae
Papaver rhoeas L. ‘ PAPRH ‘ 1.17 ‘ 0.012 39.13 ‘ YR ‘ 0.54 ‘ 0.001 ‘ 10.20 OR - ‘ - ‘ - ‘ -
Poaceae

Aegilops speltoides Tausch AEGSP 0.02 0.104 6.52 NR 0.06 0.187 6.12 NR - - - -

Aegilops cylindrica Host AEGCY - - - - - - - - 0.74 0.0099 14.29 OR

Avena sterilis L. AVEST 11.25 63.987 84.78 CR 14.42 30.767 83.67 CR 5.88 0.0422 100 CR
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Tablo 1. Siirt Kurtalan ilgesinde bugday iiriiniine karisan yabanci ot tohum tiirleri, adet sayis1 (%), agirlik (%), rastlama siklig1 (%) ve skala degerleri (Devami)

Bromus sterilis L. BROST 0.04 0.030 8.70 NR 0.10 0.022 14.29 OR - - - -
Bromus tectorum L. BROTE 0.11 0.043 8.70 NR 0.12 0.257 8.16 NR 0.21 0.0003 14.29 OR
Elymus sp. ELYSP 0.01 0.031 2.17 NR - - - - - - - -
Festuca sp. FESSP 9.11 4.582 56.52 CR 7.03 0.278 40.82 YR 0.63 0.0004 42.86 YR
Hordeum bulbosum L. HORBU 0.07 0.801 4.35 NR 0.67 2.003 26.53 YR - - - -
Hordeum murinum subsp. glaucum (Steud.) Tzvelev HORMU 0.12 0.055 15.22 OR 0.29 0.126 12.24 OR - - - -
Hordeum vulgare L. HORVX 5.03 40.323 65.22 CR 26.41 98.302 89.80 CR 31.83 0.3193 100 CR
Lolium temulentum L. LOLTE 0.11 0.201 10.87 OR 0.11 0.035 8.16 NR 0.11 0.0002 14.29 OR
Lolium perenne L. LOLPE - - - - - - - - 4.94 0.0011 14.29 OR
Phalaris brachystachys Link. PHABR 7.15 4.329 28.26 YR 0.64 0.171 16.33 OR - - - -
Phalaris canariensis L. PHACA 1.44 0.851 15.22 OR 0.32 0.564 12.24 OR 0.11 0.0002 14.29 OR
Phleum sp. PHLSP 0.01 0.002 2.17 NR - - - - - - - -
Poa annua L. POAAN 0.02 0.006 2.17 NR - - - - - - - -
Poa bulbosa L. POABU - - - - - - - - 0.42 0.0002 14.29 OR
Sorghum halepense (L.) Pers. SORHA 0.02 0.012 6.52 NR - - - - 0.74 0.0007 14.29 OR
Polygonaceae
Polygonum aviculare L. POLAV - - - - - - - - 20.69 0.0143 14.29 OR
Polygonum convolvulus L. POLCO - - - - - - - - 2 0.0026 14.29 OR
Rumex crispus L. RUMCR 0.31 0.169 67.39 CR 0.17 0.021 14.29 OR 0.11 0.0001 14.29 OR
Ranunculaceae
Adonis aestivalis L. ADOAE - - - - - - - - 0.32 0.0006 14.29 OR
Consolida sp. CONSP - - - - - - - - 0.11 0.0001 14.29 OR
Ranunculus arvensis L. RANAR 5.10 10.619 50.00 CR 0.49 0.279 34.69 YR 3.68 0.01 28.57 YR
Ranunculus cornutus DC. RANCO 0.44 0.336 10.87 OR 0.03 0.007 2.04 NR - - - -
Rosaceae
Sanguisorba minor L. ’ SANMI - ‘ - - - - - - ’ - 0.53 0.0007 ‘ 28.57 YR
Rubiaceae
Galium aparine L. ’ GALAP 7.27 14.318 76.09 CR 12.80 8.465 85.71 CR 6.41 0.0171 100 CR
Digeri 4.26 0.281 - - 9.62 0.00028 - 2.94 0.01 - -

*RS:rastlamasiklig:
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Pala ve Mennan (2018) ise Diyarbakir ilinde selektérden dnce 50 kg bugday
igcerisinde yabanci ot tohum sayis1 633 adet ve agirlik 10.96 gr olarak belirlenmis ve en
yogun tlirler Avena fatua ve A. sterilis olarak tespit edilmistir. Dogu Anadolu Bolgesi
Mus ilinde yapilan bir ¢aligmada ise bugday igerisine karisan yabanci ot tohum sayisi
ortalama 1621 adet, agirlik 15.79 g ve karigma orani ise %1.58 olarak hesaplanmig ve en
ylksek oranda karisan yabanci otlar S. arvensis, C. syrica, C. daucoides G. tricorne, L.
temulentum, P. aviculare ve V. pyrimidata olarak tespit edilmistir. Ayrica Tiirkiye nin
farkli bolgelerinde yiiriitiilen caligmalarda da bugday fiiriiniine karisan yabanci otlarin
yiizdelikleri; Orta Anadolu’da %1,0 Goksel, (1956), Dogu Anadolu’da %1,2446 Tepe,
(1998), Ege Bolgesi’nde %0,3811, Marmara Bolgesi’nde %0,7063, Akdeniz Bolgesi’nde
0,6727, Bat1 Karadeniz Bolgesi’nde %0,6547, Orta giiney bolgesinde %0,5122 Giincan
ve Boyraz (2001) oraninda karistig1 belirtilmistir.

Calismada selektérden sonra 500 g bugday icerisinde ortalama 69.92 adet ve
ortalama agirlik 1.206 g (% 0,24) olarak belirlenmis ve tohum sayis1 en yiiksek yabanci
otlar 4. sterilis, G. aperina, H.-vulgare, P. aviculare ve R. rugosum olarak tespit edilmistir.
Ulkemizde farkli arastirmacilar tarafindan selektdrden sonra bugday iiriiniine karisan
yabanci otlarin belirlenmesinde Tokat ili i¢in selektorden once yabanci otlarin bugday
tiriiniine karigma oranlarinin sayisal olarak ortalama % 0.440 ve agirlik olarak % 0.502
oraninda bir karisma oldugu, bu oran selektérden sonra 6nemli oranda azaldigim
belirtilmistir (Sirma ve ark., 1997). Trakya Bolgesinde (Edirne, Tekirdag ve Kirklareli)
yapilan bir ¢aligmada selektdrden once 32 adet, selektorden sonra ise 25 adet yabanci ot
tiriiniin bugday iriinline karistigi ve en yaygin olanlar Avena spp., Bromus spp.,
Consolida spp., C. arvensis, Galium spp., Hordeum spp., M. perfoliatum, R. rugosum ve
Visia spp. olarak belirlenmistir (Ozkil ve Kara, 2006). Konya ili i¢in ise 15 adet un
fabrikasinda alinan 6rneklerde 19 familyaya ait 79 yabanci ot tiirii belirlenmis ve sayisal
en yogun tiirler G. aperina, A. cylindrica ve C. arvensis olarak tespit edilmistir (Bozkan
ve Karaca, 2021).

Tirkiye genelinde bugday iirliniine karisan yabanci ot tiir ve agirliklar1 bolgeden
bolgeye degiskenlik gosterdigi yapilan farkli ¢alismalarla ortaya konulmustur. Zira
yabanci ot florasi bolgenin ekolojik o6zellikleri ve yonetim sistemine bagli olarak
degiskenlik gostermektedir. Ancak bugday bitkisine 6zellesmis baz1 kozmopolit yabanci
otlar (Avena spp., Galium spp., H. vulgare, S. arvensis vb) hemen hemen her bolgede
dagilim gosterdiginde bugday iiriinii karisan ve sayisal olarak en yayin tiirler olduklari
belirtilmistir (Ozkil ve Kara, 2006; Tursun ve ark., 2006; Kordali ve Zengin, 2009;
Gokalp ve Uremis, 2015; Bas ve ark., 2016; Sin ve ark., 2016; Pala ve Mennan, 2018;
Bozkurt ve Tursun, 2018; Kagan ve Tursun, 2019; Ozkan ve Karaca, 2021). Nitekim Ozer
ve ark. (2001) tohumlarin1 az déken bazi yabanci ot tiirleri S. arvensis, G. tricornutum,
Papavera rhoeas ve Capsella bursa-pastoris gibi tiirlerin bugday hasadiyla beraber
tohumlarin {irline karigma oranin yiiksek oldugunu bildirmislerdir.

Calismada bugday icerisinde bulunan yabanci ot tiirlerin bolgede yapilan diger
caligmalar biiyiik oranda benzerlik gostermistir. Bu durum farkl: iller olsa da genel
anlamda bolgenin ekolojik 6zellikleri benzerlik gdstermesi ve yabanci ot miicadelesinde
benzer uygulamalarin yapilmasi iirline karisan yabanci ot tiir ve yogunluklarinin genel
anlamda benzer olmasinda etkili oldugu diisiiniilmektedir. Ayrica bolgede tohumluk
olarak kullanilan bugdayin bolgedeki iller arasinda sirkiilasyon ile beraber baz1 yabanci
otlarin gelmis olma olasilig1 da gézde kagirilmamalidir. Nitekim Tiirkiye’ye Rusya’dan
ithal edilen bugdayi tasiyan 12 adet gemiden alinan 50 kg bugday alinmis ve 1 kg bugday
icerisinde 539.18 adet ve agirlik olarak 4.23 gr yabanci ot tohumun karistig1 saptanmastir.
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Ayni c¢alismada bugday iirlinline karisan 19 familyaya ait toplam 68 yabanci ot tiirii
bulunmus ve sayisal olarak en yaygin yabanci ot tiirleri S. arvensi, G. aparine, H. vulgare,
A. fatua, P. convulvulus, C. arvensis, P. miliaceum ve T. arvense olarak tespit edilmistir.
Benzer sekilde Alaska’da sap ve saman ithalatinda iilkeye giris yapan istilac1 yabanci
otlarin belirlenmesine yonelik bir calismada en yogun bulagsan yabanci ot tiirleri B.
tectorum, E. repens ve H. murinum oldugu tespit edilmistir (Conn ve ark., 2010).
Japonya’da yapilan bir calismada ise ithal tahil girisinin yapilan ve yapilmayan limanlarin
oldugu bolgelerde yapilan floratik incelemede tahil girisinin oldugu limanlarda yabanci
ot ¢esitliligini daha fazla oldugu ortaya ¢ikmistir. Bu durum ithal tahilla gelen kirletici
(yabanci ot) tohumlarin dokiildiigiinii ve en yaygin tiirlerin yerlesik hale gelme
olasiliginin yiiksek oldugu ve yabanci ot tohumlarinin bulagma yoluyla yayilimlarinin
yiiksek bir orana sahip oldugunu bildirmislerdir (Ikeda ve ark., 2022).

Diinyanin farkli bolgelerinde yapilan benzer ¢aligmalarda da 6zellikle kozmopolit
yabanci ot tiirlerin bugday {iriiniine bulagsma oranlar1 yliksek olmaktadir. Pippa ve ark.
(2010) tarafindan Bat1 Avustralya’da yapilan bir ¢aligmada 74 ¢iftlikte alinan 10 kg’lik
bugday 6rneginde en yaygin yabanci ot tiirlerinin A. fatua, H. vulgare, L. rigidum ve R.
raphanistrum oldugu bildirilmistir. Diger bir arastirmada ise 29 iireticide alinan 81
bugday O6rnegin %59°da yabanci ot bulasmasinin oldugu ve en yiiksek bulagsma oram
%49’1a L. rigidum tiirli oldugu belirtilmistir (Owen ve Powles, 2020).

Sonuc ve Oneriler

Bu c¢alisma, bugday iiretiminde verim ve kaliteyi olumsuz etkileyen en onemli
faktorlerden birinin yabanci otlar oldugunu ortaya koymustur. Yabanci otlar, 6zellikle
vejetasyon doneminde bugday bitkisiyle rekabete girerek verim kaybina neden olurken,
zehirli yabanci otlarin bugday iirliniine karigsmasiyla un kalitesini ve dolayl1 olarak insan
sagligin1 olumsuz etkileyebilmektedir. Ayrica, yabanci ot tohumlar1 ile bulasik olan
tohumluk bugday, ekonomik degerini kaybetmekte ve piyasa albenisini diigiirmektedir.

Bu nedenle, bugday tiretiminde hem verim ve kaliteyi artirmak hem de yiiksek girdi
maliyetlerini diistirmek i¢in yabanci ot tiir ve yogunluklarinin ekonomik zarar esiginin
altinda tutulmasi kritik bir gerekliliktir. Bu kapsamda, entegre miicadele yontemlerinin
benimsenmesi ve uygulanmasi biiyiik énem tasimaktadir. Ozellikle su stratejiler one
cikmaktadir:

v" Uygun Kkiiltiirel Onlemlerin alinmasi: Sertifikali tohum kullanimimin tesvik
edilmesi, ekim ndbeti (miinavebe) uygulamalari, dogru ekim zamani ve toprak
isleme yontemlerinin benimsenmesi,

v" Topraktaki yabanci ot tohum rezervinin diigiiriilmesi: Uygun mekanik ve kiiltiirel
yontemlerle toprak sagliginin korunmasi,

v' Etkili kimyasal miicadele: Uygun zaman, doz, herbisit se¢imi ve dogru ekipman
kullanima ile yapilan bilingli miidahaleler,

v' Hasat sonrasi temizlik uygulamalari: Ciftgilerin kendi tohumunu kullandigi
durumlarda, hassas sensorlii eleklerin kullaniminin yayginlastirilarak tohumla
yayilan yabanci otlarin kontrol altina alinmasi.

Bu Oneriler dogrultusunda, yabanci otlarin yayilimint énlemeye yonelik biitlinciil

bir stratejinin gelistirilmesi, bugday iiretiminde siirdiiriilebilirlik ve ekonomik kazang
hedeflerine ulasmada 6nemli bir adim olacaktir. Ciftgilerin farkindaliginin artirilmasi ve
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bu yontemlerin uygulanabilirliginin desteklenmesi, bolge tarimi tizerinde olumlu bir etki
yaratacaktir.
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Ozet

Bu arastirma Mart 2023-Ekim 2024 tarihleri arasinda Bitlis il sinirlari igerisinde bulunan Batmis
(Cil) Golii’nde gergeklestirilmistir. Yapilan arazi ¢caligmalar1 sonucunda g6l alan1 ve ¢evresinde; 15 takim
ve 28 familyaya mensup 67 kus tiirii tespit edilmistir. Bu tiirlerden; 20 tiir yerli (% 29,8), 43 {i yaz ziyaretgisi
(% 64,3 ) ve 41 (% 5,9) transit gogerdir.

Batmis Golii'nde gozlemlenen kuslarin, [IUCN (Uluslararast Doga Koruma Birligi) kriterlerine gore
tehlike durumlari ve statiileri incelendiginde; 2 tiir EN "Tehlike altinda" (Oxyura leucocephala-dikkuyruk
ordek ve Neophron percnopterus-kiicik akbaba), 2 tiir VU "Zarar gorebilir=Duyarli" (Aythya ferina-
elmabas patka ve Streptopelia turtur-iiveyik) ve 1 tiir de NT "Tehlikeye yakin" (Vanellus vanellus-kiz kusu)
kategorisinde bulunmaktadir. Bern S6zlesmesi kriterlerine gore alandaki 41 tiir EK-II” listesinde, CITES
Sozlesmesine gore ise alandaki tiirlerden 7'si EKII listesinde yer almaktadir.

Anahtar kelimeler Kuslar, sulak alan, Bitlis, biyoekoloji, avifauna.

A Study on Ornithofauna of Batms (Cil) Lake (Bitlis)
Abstract

This research was carried out in Batmig (Cil) Lake within the borders of Bitlis province between
March 2023 and October 2024. As a result of the field studies, 67 bird species belonging to 15 orders and
28 families were identified in the lake area and its surroundings. Of these species, 20 species were resident
(29,8%), 43 were summer visitors (64,3%) and 4 (5,9%) were transit migrants.

When the birds observed in Batmig Lake were examined in terms of their danger status and status
according to the [UCN (International Union for Conservation of Nature) criteria, it was seen that 2 species
were in the EN "Endangered" category (Oxyura leucocephala-white-headed duck and Neophron
percnopterus- Egyptian vulture), 2 species were in the VU "Vulnerable = Sensitive" category (Aythya
ferina-common pochard and Streptopelia turtur-European turtle dove) and 1 species was in the NT "Near
Threatened" category (Vanellus vanellus-Northern lapwing). According to the Bern Convention Red List
Categories, 41 species in the area were on the Appendix II, and according to the CITES Convention Red
List Categories, 7 of the species in the area were on the Appendix 11

Keywords: Birds, wetland, Bitlis, bioecology, avifauna.

Giris

Biyolojik ¢esitliligin 6nemli bir boliimiinii olusturan sulak alanlar, yiiz binlerce
yillik dogal siiregler sonucu meydana gelmistir (Yu ve ark., 2023; Song ve ark., 2024).
Bulunduklar1  bdlgenin iklimine, topografyasina, hidrolojisine, su Kkalitesine,
vejetasyonuna, biyolojik verimliligine, sosyoekonomik yapisina etki eden ¢ok Onemli
sucul ekosistemlerdir (Mitsch ve Gosselink, 2000). Ozellikle su kuslarinin beslenme,
kislama ve iiremeleri agisindan biiylik onem tagimaktadir. Diinyanin en 6nemli genetik
rezervuari olmasinin yaninda iklim degisikliginin etkilerini azaltma, karbon depolama ve
su dongiisiiniin siirdiiriilebilirligi i¢in kritik dneme sahip olan sulak alanlar ayn1 zamanda
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tiim diinyada en ¢ok tehlike altinda olan ekosistemlerin basinda gelmektedir (Anonim,
1993; Bobbing ve ark., 2006; Khatri, 2014.

Tiirkiye’de 14 tanesi Ramsar Alani, 59'u Ulusal 6neme sahip ve 58 tanesi de
Uluslararasi éneme sahip olan 131 sulak alan mevcuttur (Toplam 1.186.466 ha).
Ulkemizde son 50 yilda 2 milyon hektardan fazla sulak alan drenaj, kuruma ve kirlenme
gibi nedenlerle ekolojik ve ekonomik islevini yitirmistir. (Anonim, 2025). Tiirkiye’deki
sulak alanlarin ekolojik ve ekonomik Onemi goz Oniine alindiginda, bu alanlarin
korunmas1 ve siirdiiriilebilir kullanmm1  biiyik 6nem tasimaktadir. Ozellikle
biyogesitliligin korunmasi ve dogal dengenin devamui i¢in sulak alanlar vazgecilmezdir.
Bu baglamda, Van Goli Havzasi gibi 6nemli sulak alanlar, hem ekolojik hem de biyolojik
cesitlilik agisindan biiyiik bir deger tasimaktadir (Celik ve Durmus, 2017). Kuslar da bu
zenginligin en dnemli unsurlarindan bir tanesidir. Caligma alani olan Batmis G6lii de Van
Golu Havzasi igerisinde yer almaktadir. Batmis Goli’niin kus faunasinin arastirildigi bu
calismada alanda konaklayan ve iireyen kus tiirlerinin habitat tercihi, birey sayisi, gog
statiileri ve alanda tiirlerin yasamini olumlu ve olumsuz etkileyen unsurlar ortaya
konmustur. Batmig Golii basta kus gozlemciligi ve ekoturizm olmak iizere doga
yiirliylist, bisiklet turlari, botanik inceleme, yayla turizmi gibi ¢esitli turizm etkinlikleri
icin 6nemli bir potansiyele sahiptir. Bu ¢alisma ile alanin ekoturizm potansiyelinin ortaya
cikarilmasina katki saglanarak, alanin ekolojik sorunlari ve ¢oziimleri ile tiir ve alan
koruma caligmalarinin nasil planlanmas1 gerektigi konularinda da veri saglanmistir.

Materyal ve Yontem
Calisma alaninin tanitimi

Batmis (Cil) Golii; Van Go6li'niin kuzeyinde, Siiphan ve Ziyaret Daglari’nin
arasindaki ovada, Adilcevaz ilgesine yaklasik 18 km mesafede, Karakol, Canakyayla ve
Golistii koyleri arasinda yer almaktadir. Toplamda 3395 ha, g6l aynasi olarak 122 ha bir
alan1 kapsayan Batmis GOlii, etrafi 1slak cayirlarla ¢evrili bir tath su golidiir (Eken ve
ark., 2006) (Sekil 1).

Ortalama 2225 m rakimda olan go6liin derinligi ortalama 5-10 m arasinda
degismektedir. Ana beslenim kaynagimi mevsimsel yagislar ve hidrolojik acidan
mevsimsel akis 6zelligine sahip kuru dereler olusturmaktadir (Eken ve ark., 2006).

Batmis Goli’nde bulunan kalkerli seviyelerde erimeyle meydana gelen, yeralti
sularin birbirine baglayan kanallar seklinde diidenler bulunmaktadir. Biiyiik ve kiigiik
diiden olmak iizere s6z konusu diidenlerden su kacist oldugu diistiniilmektedir. Halk
arasinda bu diidenlere su ¢ikan, su batan seklinde isimler de verilmektedir. Batmis Golii,
2021 yilinda Mahalli Oneme Haiz Sulak Alan olarak tescillenmis ve koruma altia
alimmistir (Anonim, 2023).

Karasal iklimin hiikiim siirdiigti Batmis Golii ve ¢evresinde kisin erkenden goriilen
kar ortiisii yliksek kesimlerde nisan aymin sonuna kadar kalmaktadir. Yaz mevsimi ise
olduk¢a kisa siirmektedir. Yillik ortalama sicaklik 7,1 °C ile 9,5 °C arasinda
degismektedir. Yillik ortalama sicaklik degeri ise 9 °C dolaylarindadir (Anonim, 2023).

Etrafinda dogal cayirliklar ve batakliklar bulunan Batmis Golii ve ¢evresinde 62
familyaya ait ve 336 bitki tiirli bulunmaktadir. Alanda step formasyonu hakimdir.
Bataklik, sazlik ve c¢ayirlik alanlar, meralar ve kayalik alanlar goliin 6nemli kismim
kaplamaktadir. Alanda en fazla alana sahip olan, yore halk: tarafindan Cil alan1 olarak
bilinen saha yaklasik olarak 6 km? kadar olup sulak alani ¢evrelemektedir. Ayrica alan
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cevresinde Astragalus, Verbascum, Euphorbia, Centaurea gibi step (bozkir) alanlarda
yayilis gosteren cinslere ait taksonlar mevcuttur (Behget, 1991; Avci, 2005; Eken ve ark.,
2006).

: Canakyayla

AdiicevaZ Malazgirt VoW
Karakol

Sekil 1. Batmis Golii’niin uydu goriintiisii (Google Earth).

Batmis Golii’niin derinliginin fazla olmamasi, su batarlarindan suyun ¢ekilmesi ve
yazin sonuna dogru alanda su miktarinin tamamen kurumasi sebebiyle alanda herhangi
bir balik tiirline rastlanilmamaktadir.

Yontem

Batmig (Cil) Goli’nde Mart 2023-Ekim 2024 tarihleri arasinda aylik periyotlarla
arazi c¢alismalart gergeklestirilmistir. GO¢ ve lireme donemlerinde siklastirilan bu
gozlemler genellikle bireylerin aktif oldugu 6%°-11%; 15%-19% saatleri arasinda
yapilmistir. Poplilasyon yogunlugu ve birey sayisini belirlemeye yonelik gézlemlerde
Dobinson’un (1976) “Kareler (Raster Kartlama)” yontemi uygulanmistir (Dobinson,
1976, Bibby ve Burgess, 1992). Gozlem ve sayimlar genellikle arastirma alanina hakim
noktalardan belli bir hat dikkate alinarak teleskop, diirbiin ve ¢iplak g6z yardima ile biitiin
alanin taranmasi seklinde yapilmistir. Calismalarda arazi goézlem kartlari, diirbiin (10 x
50), teleskop (80 mm), numarator, fotograf makinesi, objektif (400 mm), video kamera
ve teshis kitaplar1 ( Green ve Moorhouse, 1995; Harrison ve Greensmith 2000; Heinzel
ve ark., 1995; Kiziroglu, 2008) kullanilmastir.

Bulgular
Batmis (Cil) Goli'nde Mart 2023-Ekim 2024 tarihleri arasinda siirdiiriilen arazi
caligmalar1 neticesinde gol alan1 ve ¢evresinde; 15 takim ve 28 familyaya mensup 67 kus

tiiriiniin konakladig1 goriilmiistiir. Bu tiirlerden; 20 tiir yerli (% 29,8), 43"l yaz ziyaretgisi
(% 64,3), 41 (% 5,9) transit gécerdir (Tablo 1).
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Ordo Familya Tiir Gog IUCN Bern CITE
Statiis S
PODICIPEDIFORMES PODICIPEDIDAE Tachybaptus YZ LC EKII -
ruficollis
Podiceps YZ LC EKIIT -
nigricollis
Podiceps YZ LC EKII -
cristatus
PELECANIFORMES ARDEIDAE Ardea YZ LC EKII -
purpurea
Ardea cinerea T LC EKIII -
Ardea alba YZ LC EKII EKIII
Egretta YZ LC EKII -
garzetta
THRESKIORNITHIDAE  Plegadis YZ LC EKII -
falcinellus
CICONITIFORMES CICONIIDAE Ciconia YZ LC EKII -
ciconia
ANSERIFORMES ANATIDAE Anas YZ LC EKIII -
platyrhynchos
Aythya ferina YZ VU EKIIT -
Aythya T LC EKIIT
fuligula
Oxyura YZ EN EKIII -
leucocephala
Tadorna YZ LC EKII -
ferruginea
Tadorna YZ LC EKII -
tadorna
ACCIPITRIFORMES ACCIPITRIDAE Buteo buteo Y LC EKII EKII
Buteo rufinus Y LC EKII EKII
Aquila Y LC EKII EKII
chrysaetos
Circus Y LC EKII EKII
aeruginosus
Neophron Y EN EKII EKII
percnopterus
FALCONIFORMES FALCONIDAE Falco Y LC EKII EKII
tinnunculus
GALLIFORMES PHASIANIDAE Alectoris YZ LC EKIII -
chukar
Coturnix YZ LC EKIII
coturnix
GRUIFORMES RALLIDAE Fulica atra Y LC EKIII -
CHARADRIIFORMES  RECURVIROSTRIDAE Himantopus YZ LC EKII -
himantopus
Recurvirostra YZ LC EKII -
avosetta
CHARADRIIDAE Charadrius YZ LC EKII -
dubius
Vanellus YZ NT EKIII -
vanellus
SCOLOPACIDAE Tringa T LC EKIII -
nebularia
Tringa totanus YZ LC EKIII -
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Tablo 1. Batmis (Cil) Golii'nde tespit edilen kus tiirleri ve koruma statiileri (devami).

LARIDAE Larus ridibundus YZ LC EKII -
Larus armenicus Y LC EKII -
Sterna hirundo YZ LC EKII
Chlidonias YZ LC EKII
hybrida
Chlidonias YZ LC EKII
leucopterus
COLUMBIFORMES COLUMBIDAE Columba livia YZ LC EKIII -
Streptopelia YZ LC EKIIL
decaocto
Streptopelia turtur YZ VU EKIII
STRIGIFORMES STRIGIDAE Athene noctua Y LC EKII EKII
Bubo bubo Y LC EKII
CAPRIMULGIFORM APODIDAE Apus apus YZ LC EKIII -
ES Tachymarptis YZ LC EKII -
melba
CORACIIFORMES MEROPIDAE Merops apiaster YZ LC EKII -
BUCEROTIFORMES UPUPIDAE Upupa epops YZ LC EKII -
PASSERIFORMES ALAUDIDAE Galerida cristata Y LC EKIII -
Alauda arvensis Y LC EKIII -
HIRUNDINIDAE Hirundo rustica YZ LC EKII -
Delichon urbicum YZ LC EKII -
MOTACILLIDAE Motacilla flava YZ LC EKII -
Motacilla  flava YZ LC EKII
feldegg
Motacilla cinerea Y LC EKII -
Motacilla alba Y LC EKII -
MUSCICAPIDAE Erithacus T LC EKII -
rubecula
Oenanthe YZ LC EKII -
isabellina
Oenanthe YZ LC EKII -
oenanthe
LANIIDAE Lanius collurio YZ LC EKII -
Lanius minor YZ LC EKII
CORVIDAE Corvus corax Y LC - -
Corvus frugilegus Y LC - -
Corvus corone Y LC - -
cornix
Pica pica Y LC - -
STURNIDAE Sturnus vulgaris Y LC - -
PASSERIDAE Passer montanus Y LC EKIII -
Passer domesticus Y LC - -
FRINGILLIDAE Linaria cannabina YZ LC EKII -
Carduelis YZ LC EKII -
carduelis
EMBERIZIDAE Emberiza YZ LC EKIII -
calandra
Emberiza YZ LC EKII -
melanocephala

Y: Yerli, YZ: Yaz Ziyaretgisi, T: Transit Goger, EN: Endangered/Tehlikede, VU:Vulnerable/Hassas, NT: Near
Threatened/Tehlikeye yakin, LC:Least Concern/Diisiik risk

Batmis Golii'nde en fazla tiir sayisina sahip olan ordo Passeriformes, en az tiire

sahip olan ordolar ise Ciconiiformes, Falconiformes, Gruiformes, Coraciiformes ve
Bucerotiformes 'tir.
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Sekil 2. Takimlarin igerdigi tiir sayilari.

Aragtirma siliresince Batmis Golii'nde gozlemlenen kuslarin IUCN’e gore tehlike
durumlar1 ve statiileri incelendiginde; 2 tirin EN "Tehlike altinda" (Oxyura
leucocephala-dikkuyruk 6rdek ve Neophron percnopterus-kiigiik akbaba), 2 tiiriin VU
"Zarar gorebilir=Duyarli" (4ythya ferina-elmabas patka ve Streptopelia turtur-iveyik) ve
1 tiirtin de NT "Tehlikeye yakin" (Vanellus vanellus-kiz kusu) kategorisinde yer aldigi
goriilmektedir. Alandaki 62 tiir ise LC "Asgari endise=Diisiik riskli" kategorisinde yer
almaktadir. Alanda gozlenen kuslar Bern S6zlesmesine gore siniflandirildiginda 41 tiiriin
EK-II’ listesinde yani “Onemli Diizeyde Korunan Tiirler” arasinda bulundugu tespit
edilmistir. Calisma sahasindaki tiirlerden 20 tanesi ayni s6zlesmenin EK I1I listesinde yer
almaktadir. CITES sozlesmesi kriterleri degerlendirildiginde alandaki tiirlerden 7'si EKII
listesindedir.

Adizel (1998)'in, Van Go6li Havzasi’nin kus faunasini aragtirdigi ¢alismasinda kis

ziyaretcisi olarak belirledigi elmabas patka-Aythya ferina yaz ziyaretgisi ve tepeli patka-
Aythya fuligula ise transit goger olarak gozlemlenmistir.
Avct ve ark., (2017)’nin bolge i¢in statiisiinii kis ziyaretcisi, Goksen (2022)'nin Nemrut
Kalderas1 Tabiat Parki'nin ornitofaunasi ile ilgili calismasinda yaz ziyaretgisi olarak
verdikler1 kizilgerdan-Erithacus rubecula Batmis Golii'nde transit goger olarak
gdzlenmistir.

Adizel ve Durmus (2009)’un Er¢ek Golii’niin kus tiirleri ile ilgili ¢alismalarinda
yerli tiir olarak verdikleri ak balik¢il-Ardea alba Batmis GOlii'nde yaz ziyaretgisi olarak
tespit edilmistir.

Azizoglu (2013)'lin, Hakkari'deki Nehil Sazligi'nda yaz gé¢meni oldugunu belirttigi gri
balik¢il-Ardea cinerea Batmis Golii'nde transit goger olarak kaydedilmistir.

Nergiz (2019’un, Adilcevaz’daki Heybeli G6lii’'nde konaklayan kus tiirleri ile ilgili
caligmasinda yerli tlir olarak belirttigi karabas marti-Larus ridibundus alanda yaz
ziyaretgisi olarak gézlemlenmistir.

Eken ve ark., (2006)’nin alanda iiredigini belirttigi kiiciik kerkenez-Falco
naumanni, turna-Grus grus ve balaban-Botaurus stellaris gibi tiirlerin alanda
bulunduguna dair bir bulguya rastlanmamustir.
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Ercasip (2024)lin, Van'daki Turna Goli kuslar ile ¢aligmasinda yerli tiir olarak
verdigi boz kuyrukkakan-Oenanthe isabellina Batmis Golii'nde yaz ziyaretgisi olarak
gozlenmistir.

Batmis Golii'ndeki kus tiirlerinin gog statiilerindeki bu farkliliklarin en 6nemli
sebebinin iklimsel ve cografik farkliliklar oldugu diisiiniilmektedir. Kig aylarinda alanin
tamamina yakini donmaktadir. Alan ve ¢evresindeki kar ortiisiinlin diger alanlara gore
daha uzun siire kaliyor olmasi da kus tiirlerinin burada barinmasini ve beslenmesini
zorlastirmakta, baska alanlari tercih etmelerine sebep olmaktadir.

Sonug¢ ve Oneriler

Batmis Golii'nde yapilan aragtirmalar sonucunda; g6liin sahip oldugu kus faunasi
acisindan dnemli bir sulak alan oldugu gdzlemlenmistir. insan etkisinden uzak zengin
habitatlar1 basta nesli kiiresel olarak tehlike altinda olan dikkuyruk 6rdek, kiiciik akbaba
ve elmabas patka olmak tizere birgok canli tiirline konaklama ve iireme imkani
sunmaktadir. Caligmalarimiz sirasinda alandaki canli tiirlerinin populasyon durumunu
tehdit edecek bazi olumsuzluklarin oldugu goriilmiistiir. Bunlardan ilki cil kesimidir. Cil
kesimi ilkbaharin ortalarinda baslayip sonuna kadar yapilmaktadir. Kuslarin kulucka
zamanina denk gelen bu kesimler 6zellikle alanda iireyen ve nesli diinya ¢apinda tehlike
altinda olan dikkuyruk 6rdek ve elmabas 6rdek gibi su kuslarmin liremesini olumsuz
etkilemektedir.

Sonbaharda alanda kalan ve kuruyan vejetasyonun yakilmasi sonbahar go¢ii dncesi
alan1 kullanan tiirleri etkilemekte ve erkenden alandan uzaklagmalarina sebep
olabilmektedir. Ayrica alandan uzaklasamayan siiriingen, amfibi ve diger tiirleri de tehdit
etmektedir.

Alandaki yasa dis1 avcilik faaliyetleri de alandaki kus tiirleri {izerinde 6nemli bir
bask1 ve ciddi bir tehdit olusturmaktadir. Avlanan tiirler genelde suna-7adorna tadorna,
angit-Tadorna ferruginea, yesilbas 6rdek-Anas platyrhynchos ve elmabas patka-Aythya
ferina gibi su kuglaridir. G6l ¢evresindeki asir1 otlatma faaliyetleri de alandaki biyolojik
cesitliligi olumsuz etkileyen Oonemli bir ekolojik risk faktorii olarak karsimiza
¢ikmaktadir.

Batmis Golii'nde kaydedilen biitiin bu olumsuzluklara ve belirtilen problemlere
ragmen, alanin evsel ve sanayi atiklar ile kirletilmemis olmasi, topografik yapisinin
diizliik olmasi, Adilcevaz ilgesine yakin olmasi ve rahat ulagim saglanmasi alana avantaj
saglamaktadir. Ozellikle kurak dénem ile yaz aylarinda Batms Goélii'nde su
tutulamamasinin ve bir gol aynasi olusmamasinin en biiyiik nedenlerinden biri bolgede
yer alan diidenlerdir. Oncelikle diidenlerden batan suyun ¢ikis noktasi tespit edilerek
alanin su rejimi olusturulmalidir. Alanda iireyen 6zellikle dikkuyruk 6rdek ve elmabas
gibi tiirlerin varlig1 6n plana ¢ikarilarak bir an 6nce yasal koruma statiisline kavugmasi
gerekmektedir. Cil kesimlerinin yapilma siirelerinin belirli periyotlarda yapilmasi
kuslarin kulugka zamanlarina denk gelmemesinin saglanmasi dnerilebilir. Yine sonbahar
doneminde bdlgedeki kalan vejetasyonun yakilmak yerine baska bir yontem ile
temizlenmesi saglanarak kus tiirlerinin gé¢ donemi Oncesinde alani erkenden terk
edilmelerin 6niine gecilecektir.
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Abstract

The present work studies the machinability of bearing steel, AISI 52100 in dry turning process with
two different tool nose radius, i.e. 0.4 mm and 0.8 mm. A full factorial design was used to analyze the effect
of cutting speed, feed, and depth of cut in terms of a cutting force, surface roughness, and energy
consumption. The experimental data demonstrated that higher cutting forces and energy consumption
always occurs when increasing the tool nose radius (0.8 mm), and the higher surface roughness in the case
of the smaller (0.4 mm) nose radius. ANOVA and S/N ratio analysis indicated that the most important factor
affecting cutting force was the feed rate of feed per tooth, and the depth of cut also had considerable effects
on the surface roughness between the two depths of cut, particularly for the 0.4 mm radius tool. Although
the trend in force and energy as a function of both radius were close to each other, the surface finish
performance differed significantly. The results can be used in setting cutting parameters for high-hardness
steels (AISI 52100) to balance productivity and surface quality.

Keywords: AISI 52100, Tool nose radius, Surface roughness, Cutting force, Energy Consumption

AISI 52100 Celiginin Islenmesi: Degisken Takim Ucu Yaricapina Sahip
Kuru Ortama lliskin Istatistiksel Bilgiler

Ozet

Mevcut ¢alisma, iki farkli takim ucu yarigapi, yani 0,4 mm ve 0,8 mm, ile kuru tornalama isleminde
rulman ¢eligi, AISI 52100'in islenebilirligini aragtirmaktadir. Kesme hizi, ilerleme ve kesme derinliginin
kesme kuvveti, ylizey piiriizliiliigii ve enerji tiikketimi agisindan etkisini analiz etmek i¢in tam faktoriyel bir
tasarim kullanilmistir. Deneysel veriler, takim ucu yarigap1 (0,8 mm) artirildiginda her zaman daha yiiksek
kesme kuvvetlerinin ve enerji tiikketiminin meydana geldigini ve daha kiigiik (0,4 mm) burun yarigap1
durumunda daha yiiksek yiizey piiriizliilligliniin meydana geldigini gostermistir. ANOVA ve S/N orani
analizi, kesme kuvvetini etkileyen en onemli faktdriin dis basina ilerleme hizi oldugunu ve kesme
derinliginin de 6zellikle 0,4 mm yaricapl takim i¢in iki kesme derinligi arasindaki yiizey piirtizIiligi
iizerinde 6nemli etkileri oldugunu gostermistir. Her iki yaricapa bagli olarak kuvvet ve enerjideki egilim
birbirine yakin olsa da, yiizey kalitesi performans1 6nemli 6l¢ilide farklilik gostermistir. Sonuglar, liretkenlik
ve ylizey kalitesini dengelemek amaciyla yiiksek sertlikteki celikler (AISI 52100) igin kesme
parametrelerinin ayarlanmasinda kullanilabilir.

Anahtar Kelimeler: AISI 52100, Takim ucu yarigapi, Yiizey piiriizliiliigii, Kesme kuvveti, Enerji tiketimi
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Introduction

AISI 52100 is a bearing steel, and it is a high carbon chromium alloy steel with high
wear resistance, high hardness and good strength. Thanks to its high wear resistance and
strength, it is preferred in jobs requiring strength such as metalworking, aircraft engines
and fastening jobs. The high hardness ratio increases the resistance of materials made of
this material to surface fatigue, while allowing it to be actively used for many years in a
way that will be resistant to corrosion together with the chromium alloy. With the addition
of chromium to the high carbon ratio, the material offers equal hardness and strength on
the surface. This allows it to be used in jobs that will meet difficult requirements while
providing structural integrity. The high hardness of 52100 steel can cause quick breakage
due to its limitation of flexibility. In this case, a stronger structure is obtained by changing
its microstructures with the necessary heat treatment processes and used in bearing
production machines and the automotive sector. Steels quenched with the tempering
method are heated, and after heat protection, a cooling process is carried out in air, oil or
water. Tempering increases the workability of the steel and minimizes brittleness. 52100
steel can be easily machined, but being harder than the reference steel wears out the mold
faster, making it more difficult to machine. Therefore, considering that there may be
differences in the first mass production of the tool produced and the final mass production,
as well as changes in the technological developments of the tools produced with the
developing technology, it is necessary to continue the experiments by taking into account
factors such as each machine and each condition (Azizi et al., 2012; Ugur et al., 2022;
Demirpolat et al., 2023).

Machinability input parameters are; cutting speed, feed rate, cutting environment,
depth of cut. However, the most common ones are cutting speed, depth of cut, feed rate
(Binali et al., 2022; Gupta et al., 2023; Gilinay et al., 2017; Isik et. al., 2024; Turan et al.,
2025; Korkmaz et al., 2019; Ozlii, 2022; Machado et. al., 2024; Yamaner and Kul, 2025).
Many studies have been done on this subject. These studies are as follows; Demirpolat et
al. have examined the effects of machining parameters on surface roughness, cutting
temperature and cutting force in turning AISI 52100 steel in their experiments. As a result
of the experiments, machining of bearing steel at high cutting speed decreased the surface
roughness value, it was seen that the most effective factor on surface roughness was the
feed rate followed by the depth of cut, and the most effective parameter in increasing the
temperature value was the depth of cut (Demirpolat et al., 2023).

Tool life refers to the time between the moment the cutting tool starts cutting the
workpiece and the time the tool tip becomes unworkable (Cook, 1973; Khadka et al.,
2025; Mikolajczyk et al., 2022). When the tool life is long, the tool is changed less
frequently. This ensures more efficient production and therefore reduces costs. As the tool
life decreases, the cutting efficiency of the cutting tips decreases, reduces the surface
quality of the workpiece, and causes rapid wear of the machines. Cutting tools with long
tool life should be preferred for high quality workpieces.

Agar et al. have examined the cutting tool life of AISI 52100 bearing steel with
the ultrasonic turning method in their experiments. As a result of the study, it was seen
that the increase in cutting speed in all machining methods caused the cutting tool life to
decrease. It was determined that the highest tool life occurred in ultrasonic turning
performed at 30 kHz in all cutting speeds, and the lowest tool life occurred in
conventional turning. It was observed that increasing vibration frequency values in
ultrasonic turning caused the cutting tool life to increase, and CBN cutting tools exhibited
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longer tool life than carbide cutting tools in all machining methods and cutting speed
values (Caydas et al., 2017). Motorcu experiment dealt with the predictive modeling of
the surface roughness obtained in the turning of AISI 52100 steel with uncoated ceramic,
coated ceramic and coated carbide cutting tools. As a result of the experiment, it was
observed that the most effective parameter on the surface roughness was the feed rate, the
surface roughness improved at the lowest value of the cutting speed and the highest value
of the cutting depth, but this situation was not parallel with the increase in the cutting
speed. In the machinability experiments, it was observed that coated and uncoated
ceramic tools showed better surface roughness results than coated carbide tools under all
cutting conditions. It was predicted that this situation could be explained by the minimum
plastic deformation of the ceramic tools (Motorcu, 2013). Caydas et al. investigated the
machinability of AISI 52100 bearing steel according to the surface roughness, tool life
and temperature criteria in their experiments. In their experiments, they turned by
applying global heat treatment as the medium and by applying a small amount of
lubrication. It has been found that the tool life of the samples with spheroidizing heat
treatment is increased when they are machined with ceramic tools at low cutting speeds.
In addition, the machinability of the material is also increased by applying the
spheroidizing heat treatment. Surface roughness values decreased with the increase in
cutting speed. While better quality surfaces were obtained in spheroidized samples, it was
observed that the type of cutting tool did not have a significant effect on the surface
roughness. In general, in this experiment, the processes were carried out under dry
machining conditions (Caydas et al., 2017). Siraj R. et al. investigated the formulation
techniques in regression analysis to estimate tribological parameters in hard turning of
AISI 52100 steel. As a result of the experiment, it was concluded that tribological
parameters have a high effect on roughness, and the most effective parameters are speed,
feed and depth of cut. In this research, the experiments were carried out in wet flat turning
process on CNC lathe (Siraj et al., 2016). Bicek et al. In their experiments, cryogenic
machining was considered as an alternative turning process of normalized and hardened
AISI 52100 bearing steel. As a result of the experiments, it was observed that cryogenic
machining significantly extended the tool life of the cutting inserts and increased their
productivity. On the other hand, cryogenic machining of normalized bearing steel
increased the tool life more than machining of hardened bearing steel (Bicek et al., 2012).
Azizi et al. investigated the effects of cutting parameters and workpiece hardness of AISI
52100 steel on surface roughness and cutting force components in their experiments. As
a result of the experiment, it was observed that surface roughness increased with the
increase in feed rate and decreased with the increase in workpiece hardness. It was
concluded from the experiment that the most important factors affecting the cutting forces
in general were the depth of cut, workpiece hardness and feed rate (Azizi et al., 2012).
In the studies, evaluations were generally made on force and temperature. These
evaluations were generally made according to dry and MQL environments. Our
innovation in our study is that the effect of two different tool nose radius was evaluated
graphical and statistically in the machinability tests in dry conditions. In this case, the
effect of the nose radius will give an idea about the effect of the output parameters.

Material and Method

The AISI 52100 steel used in the experiments was selected as 100 mm in processing
length and 40 mm in diameter. The cutting tools used were TiC coated CCMT-09T308
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and CCMT-09T304 with PVD method. The full factorial method was used for the
experiments of cutting speed, cutting depth, feed rate and tool nose radius parameters. A
total of 16 experiments were conducted, 8 for each nose radius. All experiments were
conducted in the Central Laboratory-2 of the Mechanical Engineering Department of
Selcuk University, Faculty of Technology. The input and output parameters used in the
machinability tests of AISI 52100 material are given in Figure 1. Mahr Perthometer M1
was used for surface roughness, TelC DKM 2000 for cutting force and KAEL Multiser
02 PC TFT Network Analyzer for energy consumption.

The values obtained as a result of the experiments were evaluated both graphically
with the Excel program and ANOVA. ANOVA analyses were performed using Minitab.
The processing parameters of the AISI 52100 material are given in Table 1, and its
chemical composition is given in Figure 2. Additionally, the experimental setup is given
schematically in Figure 3.

CUTTING SURFACE
SPEED ROUGHNESS
TOOL NOSE
FEED RATE s

CUTTING ENERGY
FORCE CONSUMPTION

CUT OF

DEPTH

Figure 1. Input and Output Parameters of AISI 52100 Material.

Table 1. Cutting parameters for 52100

Cutting parameters Levels
Cutting Speed (m/min) 40-50

Feed Rate (mm/rev) 0.1-0.15
Depth of cut 0.1-0.2
Tool nose Radius 0.4-0.8
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Figure 3. Experimental setup.
Results

Experimental results are shown in the cutting force graph in Figure 4, surface
roughness graph in Figure 5 and energy consumption graph in Figure 6. The cutting force
is the evaluation output used in the machinability tests (Ozlii, 2021; Kul and Yamaner,
2025). Cutting force directly affects tool life in machining. Operations performed at high
cutting forces shorten tool life due to rapid wear of the tool. Cutting force also directly
affects other parameters. As a result of good analysis of cutting forces, efficiency of
parameters such as cutting speed and feed rate increases.

When Figure 4 is examined, it is seen that cutting force changes depending on
cutting depth, cutting speed, feed rate and tool nose radius. The maximum cutting force
value for 0.8 tool nose radius was obtained in experiment number 7 with 0.2 mm depth
of cut, 40 m/min cutting speed and 0.2 mm/rev. The maximum cutting force value for 0.4
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tool nose radius was reached in experiment number 7 with 0.2 mm depth of cut, 40 m/min
cutting speed and 0.2 mm/rev. For both tool nose radius, under constant speed, increasing
the depth of cut caused the cutting force to increase, while increasing the cutting speed
caused the cutting force value to decrease.
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Figure 4. Cutting force results.

Surface roughness is an important parameter for the durability of the material
(Kuntoglu, 2022; Salur, 2022; Machado et. al., 2024). While low surface roughness
allows the material to work more easily with other parts, high roughness causes more
friction and causes breakage in the part. This reduces tool life (Kuntoglu, 2022).
Evaluation was made by measuring the average surface roughness (Ra) values created
according to ISO 4287. When Figure 5 is examined, it is seen that the experiment in which
the maximum surface roughness was reached for 0.8 tool nose radius was experiment
number 7, where 0.2 mm depth of cut, 40 m/min cutting speed and 0.2 mm/rev conditions
were applied. The maximum surface roughness value for 0.4 tool nose radius was
obtained in experiment number 7, where 0.2 mm depth of cut, 40 m/min cutting speed
and 0.2 mm/rev were applied.
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Figure 5. Surface roughness results.
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In the surface roughness results, it was observed that the depth of cut and cutting
speed decreased with the increase of the cutting depth under 0.1 fixed speed for 0.4 tool
nose radius. Under 0.2 fixed speed, it increased with the increase of the cutting speed at
0.1 mm depth of cut, while the increase of the cutting speed at 0.2 mm depth of cut caused
the surface roughness to decrease.

Energy consumption is quite important in terms of cost (Binali et al., 2022; Binali
etal., 2025). It is directly affected by parameters such as cutting force. High cutting force
causes more energy consumption. Thus, a more costly process is performed. Energy
analysis provides an understanding of how efficiently the machines operate. Necessary
improvements and optimizations can be made to machines that consume more energy
than normal. As a result of examining Figure 6, the maximum energy consuming
experimental data for the experiments where 0.8 tool nose radius was used was reached
in experiment number 8 with 0.2 mm depth of cut, 50 m/min cutting speed, and 0.2
mm/rev values. The maximum energy consumption experimental data for 0.4 tool nose
radius was also seen in experiment number 8, which has the values of 0.2 mm depth of
cut, 50 m/min cutting speed, 0.2 mm/rev. In the energy consumption change graph, it is
seen that the increase in cutting speed and depth of cut under the constant feed rate of 0.1
and 0.2 for both tool nose radius increases the energy consumption.
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Figure 6. Energy consumption results.

Energy Consumption (kJ)

Statistical Evaluation
Evaluation for the cutting insert radius of 0.8

According to the average S/N graph as a result of the surface roughness given in
Figure 7, optimum results were achieved at values where the slope was low. The effect
orders in Table 2 are indicated by rank. When the graph is examined, it is understood that
the factors that affect the surface roughness the most are feed rate, cutting speed, and
cutting depth, respectively. Cutting depth is the parameter where the slope has the lowest
value, so the second level of feed rate and cutting depth and the first level of cutting speed
can be used to reach the optimum value.
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Main Effects Plot for SN ratios
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Figure 7. S/N graph for surface roughness.

Table 2. Average S/N response for surface roughness.

Level Feed Rate Depth of Cut Cutting Speed
1 9.716 8.529 8.156
2 7.574 8.762 9.134
Delta 2.142 0.233 0.978
Rank 1 3 2

The results of the ANOVA analysis for surface roughness are given in Table 3.
When examined according to this table, the order of the effect values, as in S/N, is the
feed rate, cutting speed and cutting depth. Significance levels are expressed with P-value
(Binali et al, 2024; Kuntoglu and Saglam, 2019; Glines et. al., 2021; Mutlu et. Al., 2022).
However, since the P-values are greater than 0.05, it is seen that it is not significant. The
decision of whether it is significant alone cannot be determined with a single output
parameter value. Although the P-values obtained in the analysis are above 0.05 and are
not statistically significant, the fact that the P-value of the feed rate is quite close to this
limit and the effect size is higher than the other parameters shows that this parameter can
have a practically important effect on surface roughness.

Table 3. ANOVA for surface roughness.
Source DF Seq SS AdjSS Adj MS F P
Feed Rate 9.1790  9.1790  9.1790 5.04 0.088
Depth of Cut 0.1088  0.1088  0.1088 0.06 0.819
Cutting Speed 19136 19136 19136 1.05 0.363
Residual Error 7.2861 7.2861 1.8215
Total 18.4875

N D= = =

The average S/N graph for cutting force is given in Figure 8. The optimum values
of cutting force are obtained in places where the slope is low. The parameter with the
lowest slope is the cutting speed. The most effective parameter in achieving optimum
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results is the feed rate and cutting speed (Table 4), the second level of feed rate and cutting
depth can be used, while the first level of cutting speed can be used.

Main Effects Plot for SN ratios
Data Means
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Figure 8. S/N graph for cutting force.

Table 4 Average S/N response for surface roughness.

Level Feed Rate Depth of Cut Cutting Speed
1 -37.67 -37.62 -39.35
2 -41.01 -41.06 -39.33
Delta 3.34 3.45 0.01
Rank 2 1 3

Anova analysis for cutting force is given in Table 5. When the table is examined,
it is seen that the feed rate and cutting depth are significant with a P-value less than 0.05.
The fact that the effect value of the cutting speed is 0.00 can be expressed that the cutting
speed can be neglected in the effect ratios.

Table 5. ANOVA for cutting force
Source DF Seq SS Adj SS Adj MS F P
Feed Rate 1 22.3643 22.3643 22.3643 12.02 0.026
Depth of Cut 1 23.7905 23.7905 23.7905 12.79 0.023
Cutting Speed 1 0.0002 0.0002 0.0002 0.00 0.992
Residual Error 4 7.4403 7.4403 1.8601
Total 7 53.5953

Evaluation for the cutting insert radius of 0.4

The average S/N results of surface roughness for 0.4 tool nose radius are given in
Figure 9. When the graph is examined, it is seen that the optimum results are approached
at low slope and the most effective parameters in this are cutting depth, cutting speed and
feed rate, respectively (Table 6). The lowest slope was encountered at feed rate. It was
concluded that the optimum value could be reached by using the first level of cutting
speed and the second level of feed rate and cutting depth.
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Figure 9. S/N plot for surface roughness.

Table 6. Average S/N response for surface roughness

Level Feed Rate Depth of Cut Cutting Speed
1 2.221 2.497 1.805
2 1.924 1.648 2.340
Delta 0.297 0.848 0.535
Rank 3 1 2

In the ANOVA given in Table 7, it can be stated that the depth of cut is significant
and the feed rate has a negligible effect rate.

Table 7. Anova analysis for surface roughness
Source DF Seq SS Adj SS Adj MS F P
Feed Rate 0.1760 0.1760 0.1760 1.73 0.259
Depth of Cut 1.4398 1.4398 1.4398 14.16 0.020
Cutting Speed 0.5723 0.5723 0.5723 5.63 0.077
Residual Error 0.4068 0.4068 0.1017
Total 2.5949

N ===

The average S/N graph of the cutting force for a 0.4 tool nose radius is given in
Figure 10. The optimum result was approached at low inclination. The lowest inclination
was reached at cutting speed. The most effective parameters in achieving the optimum
result are feed rate, cutting depth, and cutting speed, respectively. The optimum value can
be reached by using the second level of feed rate and cutting depth and the first level of

cutting speed (Table 8).
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Main Effects Plot for SN ratios
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Figure 10. S/N graph for cutting force
Table 8. Average S/N response for cutting force
Level Feed Rate Depth of Cut Cutting Speed
1 -35.88 -36.82 -37.97
2 -40.00 -39.05 -37.90
Delta 4.12 2.22 0.07
Rank 1 2 3

According to the ANOVA in Table 9, the input parameters used to achieve
significant results in the cutting force values of feed rate and cutting depth are suitable. It
can be stated that the cutting speed is at a negligible level with an effect ratio of 0.01.

Table 9. ANOVA for cutting force
Source DF Seq SS Adj SS Adj MS F P
Feed Rate 1 33.8980 33.8980 33.8980 50.14 0.002
Depth of Cut 1 9.9001 9.9001 9.9001 14.64 0.019
Cutting Speed 1 0.0099 0.0099 0.0099 0.01 0.909
Residual Error 4 2.7045 2.7045 0.6761
Total 7 46.5125

Conclusion

In this study, the force, roughness and energy consumption results obtained in the
turning of AISI 52100 bearing steel according to two different tool nose radius were
evaluated both graphically with the Excel program and with ANOVA analysis. The
following conclusions were made as a result of the obtained values.

Under all conditions, the cutting force gave higher results at 0.8 tool nose radius.

In all change tables, the maximum results were reached at the same values for both
tool nose radius. These values are in the experiment where 0.2 mm depth of cut, 40 m/min
cutting speed and 02 mm/rev values were accepted.
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The highest surface roughness values for all experiments were reached at 0.4 tool
nose radius.

In all applied conditions, the energy consumption results were higher at 0.8 tool
nose radius.

In the energy consumption and cutting force change results, the two tool nose radius
generally produced closer results to each other compared to the surface roughness
parameter.

Low slope factor is valid for optimum value in all S/N results.

In ANOVA results, it was seen that the most effective parameter for both tool nose
radius was depth of cut for surface roughness and feed rate for force.

The significance level in Anova results was generally below 0.05.

In the Anova results, it was concluded that the most effective parameter for cutting
force at 0.8 nose radius was the depth of cut with 12.79%, and the most effective
parameter for surface roughness was the feed rate with 5.04%.

In the Anova results, it was concluded that the most effective parameter for cutting
force at 0.4 nose radius was the feed rate with 50.14%, and the most effective parameter
for surface roughness was the depth of cut with 14.16%.

In ANOVA results, it was seen that when it is desired to reach optimum value for
all graphs, it can be reached by using second level of feed rate and depth of cut and first
level of cutting speed.

To conduct such studies more comprehensively, analysis can be done with machine
learning.
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Abstract

This study provides a comprehensive examination of the design and modelling processes of
autonomous underwater  vehicles (AUVs). Fundamental design principles that influence
underwater-vehicle performance—such as hydrodynamic efficiency, structural robustness, buoyancy
control and stability—are analysed in detail. Considering the harsh marine environment, the selection
criteria for materials are thoroughly discussed with respect to mechanical properties, corrosion resistance
and weight optimisation. The workflow, spanning from 3-D modelling to manufacturing, is explained step
by step. Engineering challenges during the design phase—water-tightness, stability and balance—are
addressed, and solution approaches are proposed. Computational Fluid Dynamics (CFD) analyses were
used to evaluate hydrodynamic performance and optimise hull geometry. Combining early-stage CFD with
Finite-Element Method (FEM) analyses reduced trial-and-error cycles and shortened development time by
approximately 30 percent. The total mass of the design was calculated as 17.5 kg, yielding a net buoyant
force of —10.5N. CFD results indicated a maximum speed of 0.45 m/s and peak dynamic pressure of
75.3 Pa. Finally, improvement strategies and development recommendations based on the analysis
outcomes and design iterations are presented to advance AUV research.

Keywords: Autonomous Underwater Vehicle (AUV), Hydrodynamic Design, Computational Fluid
Dynamics (CFD), Vehicle Modeling, Material Selection, Buoyancy-Stability, Waterproofing
Solutions

Otonom Sualt1 Aracinin (AUV) Tasarimi, Modellemesi ve Hesaplamal
Akiskanlar Dinamigi (CFD) Analizi

Ozet

Bu calisma, otonom su alt1 araglarmin (AUV) tasarim ve modellenme siireglerini kapsamli bir
sekilde ele almaktadir. Arastirmada, su altt araci performansimi etkileyen temel tasarim ilkeleri;
hidrodinamik verimlilik, yapisal dayaniklilik, yiizdiirme kontrolii ve stabilite gibi faktorler lizerinden
incelenmistir. Zorlu deniz ortam1 goz 6niinde bulundurularak, kullanilan malzemelerin mekanik 6zellikleri,
korozyon direnci ve agirlik optimizasyonuna dayali segim kriterleri detayli bir sekilde tartisiimistir. 3B
modellemeden iiretime kadar uzanan siire¢ adim adim agiklanmistir. Tasarim siirecinde karsilagilan
miihendislik zorluklar1 — su gegirmezlik, stabilite ve denge gibi — ele alinmis, bu problemlere yonelik ¢6ziim
yaklasimlart sunulmustur. Aracin hidrodinamik performansini degerlendirmek ve gévde geometrisini
optimize etmek amaciyla Hesaplamali Akiskanlar Dinamigi (CFD) analizlerinden yararlanilmistir.
Tasarimin erken asamalarinda yapilan CFD ve FEM analizlerinin birlikte kullanilmasi, deneme-yanilma
stirecini minimize ederek gelistirme siiresini yaklasik %30 oraninda azaltmigtir. Tasarimin toplam kiitlesi
17,5 kg olarak hesaplanmis, bu dogrultuda aracin net yiizdiirme kuvveti —10.5 N olarak bulunmustur. CFD
analizleri sonucunda aracin maksimum hizi 0,45 m/s, maksimum dinamik basing degeri ise 75.3 Pa olarak
belirlenmistir. Son olarak, analiz sonuglarina ve tasarim yinelemelerine dayali ¢oziim stratejileri ile
gelistirme Onerileri sunularak, otonom su alt1 arac1 gelistirme ¢aligmalarina katki saglanmas1 amaglanmastir.

Anahtar Kelimeler: Otonom Su Alti Aract (AUV), Hidrodinamik Tasarim, Hesaplamali Akiskanlar
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Dinamigi (CFD), Ara¢ Modellemesi, Malzeme Secimi, Yiizdiirme-Stabilite, Su Ge¢irmezlik Coztimleri

Introduction

Autonomous Underwater Vehicles (AUVs) have become indispensable tools in
recent years across a wide range of fields including underwater research, environmental
monitoring, military applications, search and rescue missions, and pipeline inspection in
the oil and gas sector. These vehicles are capable of operating independently in complex
and hazardous underwater environments for extended periods, performing tasks such as
environmental data collection, mapping, biological monitoring, and structural
inspections. Their increasing use is largely due to their operational efficiency and cost-
effectiveness compared to manned submersibles.

One of the most critical performance parameters in AUV design is hydrodynamic
efficiency. This directly influences the vehicle’s maneuverability, stability, and energy
consumption underwater. Therefore, optimizing hull geometry to minimize drag and
improve flow characteristics is a central objective of the design process. Computational
Fluid Dynamics (CFD) analysis plays a crucial role in this process by simulating fluid
behavior around the vehicle, identifying pressure distributions, and predicting drag forces
(Mitra et al., 2024; Vardhan et al., 2024). These simulations enable improvements in
hydrodynamic performance even before physical prototyping is undertaken.

HDPE

Aluminum

Figure 1. Polyethylene-aluminum hybrid body structure.

However, AUV design also presents multidisciplinary challenges. These vehicles
must operate reliably under harsh marine conditions, including high hydrostatic pressure,
temperature fluctuations, and the corrosive effects of saltwater. As a result, material
selection becomes critically important. Materials such as aluminum and high-density
polyethylene (HDPE) have proven advantageous due to their high strength-to-weight
ratios, low density, and excellent corrosion resistance. Aluminum ensures structural
durability, while polyethylene enhances buoyancy and reduces long-term degradation due
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to corrosion. In this study, a polyethylene—aluminum hybrid hull structure is proposed,
combining the strengths of both materials to achieve mechanical integrity and buoyancy
stability under real-world conditions. The visual of the polyethylene-aluminum hybrid
body structure is given in Figure 1.

Another major factor affecting AUV performance is energy efficiency. Since these
vehicles often operate at depths where real-time intervention is not possible, the onboard
energy systems—mainly batteries—must be managed efficiently. Advances in battery
technology, energy-efficient motor systems, and battery management software have
significantly extended operational durations. Parameters such as charging time, discharge
rates, and thrust-to-energy conversion efficiency must be optimized during the design
phase (Vardhan et al., 2023).

Beyond material and energy considerations, other vital design aspects include
waterproofing, corrosion protection, structural balance, and thermal insulation. The
vehicle’s enclosures must be pressure-resistant and fully sealed; anti-corrosive coatings
should be applied to metal components; and sensors and communication systems must be
protected against environmental variations through proper sealing. These strategies are
essential to maintaining sensor functionality and data integrity during long underwater
missions, particularly in saline and temperature-variable waters (Mitra et al., 2020).

This study presents a comprehensive design strategy that addresses these
engineering challenges through an integrated workflow. The AUV was modeled and
optimized using CFD and Finite Element Method (FEM) analyses to assess both
hydrodynamic performance and structural integrity. The vehicle is specifically designed
for medium-depth, low-complexity, and cost-effective missions. With a total weight of
17.5 kg, a net buoyant force of —10.5 N, and a cruising speed of 0.45 m/s, the proposed
AUV offers a compact and efficient alternative to widely used commercial models such
as BlueROV2 and SeaBED. While those systems may offer higher top speeds (e.g., 1.5
m/s), their larger size and modular nature often result in increased energy demands and
structural complexity.

In this context, the study aims to provide a detailed account of the engineering
principles and methods used in the design of autonomous underwater vehicles. This
includes modeling approaches, material selection criteria, energy systems, hydrodynamic
analysis, and environmental durability strategies. By integrating modern simulation tools
into the design cycle, this work contributes to the development of more reliable, energy-
efficient, and environmentally resilient underwater vehicles suited for future marine
missions.

Material and Method
Design

The Autonomous Underwater Vehicle (AUV) has undergone a series of structural
and functional modifications before reaching its final design. This process has been

supported by 3D modeling and simulations using software tools such as Autodesk Fusion,
SolidWorks, and Ansys to ensure the accuracy and efficiency of the vehicle's design.
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Figure 2. Initial design.

During the design phase, the vehicle was constructed with 8 Utras thrusters powered
by an M5 motor, a polyethylene chassis made of 4 sheets, a single aluminum waterproof
compartment, a plexiglass camera compartment, and PETG L hinges. To prevent
corrosion in the water, PETG filament was chosen. Four of the thrusters were positioned
for forward, backward, and axial movements, while the remaining four motors were
positioned for vertical movements. Connections between the vehicle chassis and the
thrusters were established using the L hinges. After initial analyses and evaluations, some
deficiencies in the design were identified, leading to necessary improvements. As a result,
the design progressed to the second phase. A render image of the initial design is
presented in Figure 2.

Figure 3. Improved design.

In the second design phase, it was observed that the maneuverability and control at
the tips of the four thrusters positioned in the middle section of the vehicle were
insufficient (Bozoklu, 2021). This led to imbalances in the vehicle's underwater
movements. As a result, the thrusters were moved to the outer regions of the vehicle. This
adjustment aimed to eliminate any imbalances that might occur under underwater
conditions and enable the vehicle to actively maintain stability. Consequently, the
maneuverability was enhanced, allowing for more stable movements in confined spaces
and strong currents. A render image of the second design is presented in Figure 3.
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Additionally, static analyses performed using Fusion 360 software revealed that the
displacement of the side walls of the vehicle exceeded the desired limits. To address this
structural weakness, lower walls were added, and this reinforcement increased the rigidity
of the vehicle, making it more resistant to external forces.

Figure 4. Advanced design.

In the second design, the body structure added to the lower section obstructed the
field of view of the camera compartment located in the upper section. As a result, the
camera compartment was repositioned and moved to the lower body. This adjustment
allowed the camera to achieve the necessary field of view during operations. Additionally,
to provide an advantage in underwater missions and create a layout that would not affect
the vehicle's balance, an additional camera was placed at the rear of the vehicle. After
these structural and functional improvements, the final design process was initiated. A
render image of the second design is presented in Figure 4.

Figure 5. Final design.

The final design was completed by improving the vehicle design and resolving the
identified deficiencies. In the final stage, a battery compartment was added under the
avionics system compartment to balance the center of gravity. In addition, headlights
were added to improve visibility in dirty and low-visibility sea conditions. Special
buoyancy foam housings were designed to increase underwater stability and balance
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buoyancy forces. In addition, the stability of the vehicle was increased thanks to the
vehicle dimensions calculated during the design process (Ayhan et al., 2019). These
improvements increased the overall performance of the vehicle, allowing it to perform
underwater missions more efficiently and safely. The final design render is presented in
Figure 5.

Buoyancy and Stability

In the mechanical design process, the relationship between the center of mass (CG)
and the center of buoyancy (CB) was carefully evaluated to ensure the vehicle's static and
dynamic stability underwater. In accordance with hydrostatic stability principles, the
center of mass was placed as low as possible, while the center of buoyancy was positioned
towards the upper regions. This arrangement enables the vehicle to exhibit a more stable
structure underwater, enhancing its resistance to tipping and providing better stability
against external forces (Huang et al., 2013).

Figure 6. AUV center of mass.

The positioning of the thrusters was carried out on elevated support structures to
ensure sufficient thrust force while maintaining the balance of the vehicle. To lower the
center of mass, the heavier battery was placed in the lower compartment, while the lighter
avionics systems were positioned in the upper sections. On the other hand, special
buoyancy enclosures integrated into the upper structure were used to raise the center of
buoyancy. This configuration ensures the optimal distance between the center of mass
(CG) and the center of buoyancy (CB), thus enhancing the vehicle's stability (Huang et
al., 2013). A visual representation of the AUV's center of mass is presented in Figure 6.

This balancing placement strategy enhances the vehicle's maneuvering accuracy
during underwater missions and minimizes the loss of stability against sudden external
forces. A visual representation of the vehicle's center of mass is presented in Figure 5.

To maintain the underwater stability of the autonomous underwater vehicle (AUV),
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it is crucial to correctly design the vertical distance between the center of mass (CG) and
the center of buoyancy (CB). In this study, the vertical balance of the vehicle, with a mass
of 17.5 kg, was evaluated using the meta-central analysis method. The distance between
the center of mass and the center of buoyancy was determined to be 0.12 meters. The
vertical restoring moment was calculated using the following formula:
M =W x GM x sin(0) (1)
Here, W represents the weight of the vehicle (171.675 N), GM is the metacentric
height (0.12 m), and 0 is the inclination angle (10°). The inclination angle of 10° is chosen
because it allows the analysis of small-angle deviations that underwater vehicles may
encounter during missions, and this angle is commonly used as a reference in the
literature. As a result of the calculations, the righting moment is approximately:

M = 171.675 x 0.12 X sin(10°) = 3.57 Nm (2)
was found. This value indicates that the vehicle has sufficient resistance against small-
angle rollovers and can maintain directional stability during missions. Consequently, the
vehicle's current vertical stability structure provides an adequate safety margin from an
engineering standpoint.

o

Less Stable More Stable

& 8

Figure 7. Stability diagram.

The fact that the AUV has a square or symmetrical shape when viewed from above
may pose certain disadvantages in terms of directional stability. Vehicles that are
symmetrical along any axis in the horizontal plane are more prone to losing their
directional reference axis during underwater motion. This can lead to unstable oscillations
along the longitudinal (bow-stern) axis and may require more corrective interventions by
the automatic control systems. Therefore, longitudinally symmetrical forms are generally
preferred (Kirikbas et al., 2021). This situation is illustrated in Figure 7.

To evaluate the buoyancy of the unmanned underwater vehicle (AUV), two
fundamental forces are considered: the weight force and the buoyant force. The weight
force is calculated by multiplying the vehicle’s mass by the acceleration due to gravity,
and it acts downward. In this calculation, given the vehicle's mass is 17.480 kg and the
gravitational acceleration is 9,81 m/s?, the weight force is calculated as follows:
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Weight force = mass x gravitational acceleration
W=17.480%x981=1714N 3)
On the other hand, the buoyant force is calculated by multiplying the volume of water
displaced by the vehicle, the density of the water, and the gravitational acceleration. In a
saltwater environment, the density of water is approximately 1.025 kg/m?®. Assuming the
volume of the vehicle is 0.016 m? the buoyant force is calculated as:
Buoyant force = water density x volume X gravitational acceleration
F, =1.025 x 0.016 x 9.81 = 160.9 4)
In this case, the net force is calculated as: Net force = buoyant force — weight force
(Yilmaz, 2022).
Fret=Fo—W=160.9-171.4=-10.5N (5)
As aresult, since the net force is negative, the vehicle tends to sink, indicating that
it has negative buoyancy. To achieve neutral buoyancy, the vehicle needs an additional
buoyant volume of approximately 1.05 liters. Therefore, buoyant foam has been used to
increase the vehicle’s flotation capacity.

Differential Thrust Principle

In this study, the autonomous underwater vehicle (AUV) platform developed
employs a total of four electrically driven thrusters, arranged in a forward-reverse
orientation, to provide maneuverability and orientation control in the horizontal plane.
These propulsion units are configured to support the vehicle’s maneuvering capabilities
along the surge (forward—-backward motion) and yaw (rotational/orientation) axes.

The thrusters operate based on the differential thrust principle, enabling directional
changes in the horizontal plane by creating a thrust imbalance between opposing pairs of
motors. This approach eliminates the need for traditional mechanical rudder systems,
thereby reducing the number of moving parts and enhancing the overall reliability and
maintenance ease of the system (Wang, 2006).

Differential thrust-based attitude control also contributes to the simplification of
control algorithms, offering advantages in terms of system dynamics modeling and real-
time control implementation. For mission profiles that require precise maneuvering in
confined spaces, such a propulsion configuration enhances the vehicle’s operational
effectiveness and expands its mission flexibility.

Moreover, the reduction in total weight and volume requirements of the system
translates into improved energy efficiency and extended mission duration (Wang
2006).The placement of the thrusters has been optimized to align with the vehicle’s center
of mass, and this symmetric arrangement contributes to improved static and dynamic
stability, while minimizing undesired moments caused by external disturbances (e.g.,
currents, collisions).
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Figure 8. Differential thrust principle diagram.

The graph created in the MATLAB/Simulink environment is presented in Figure 8.
Horizontal arrow pointing right: The vehicle moves straight forward.

Horizontal arrow pointing left: The vehicle moves straight backward.
Right-tilted arrow: The vehicle turns right while moving forward.

Left-tilted arrow: The vehicle turns left while moving forward.

Length of the arrows: Represents speed (long arrow = high speed, short
arrow = low speed).

Figure 9. Motor placement.

In the vehicle, which operates with a total of 8 motors, 4 sinking motors provide
vertical motion (upward and downward). The other 4 motors consist of thrusters
positioned at a 45-degree angle and provide both forward-backward and side-to-side
thrust. The 45-degree orientation of the thruster motors enables multi-directional force
generation, rather than just linear movement. As a result, the vehicle can move in four
different axes: forward-backward, upward-downward, side-to-side, and rotation around
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its own axis. Additionally, a more stable and controlled motion is achieved during yaw,
roll, and pitch movements. A visual representation of the motor placement is shown in
Figure 9.

Investigation of Fluid Dynamics and Static Load Testing for Underwater Vehicles

Fluid velocity analysis is an important simulation conducted to evaluate the
hydrodynamic efficiency of a design by examining the velocity and direction of fluids
(usually water or air) in a system. In underwater vehicles and other hydrodynamic
systems, fluid velocity analysis is used to study the impact of water on the vehicle, the
movement of the fluid, and the interaction between the fluid and the vehicle. This analysis
is performed to optimize the vehicle's performance, minimize drag forces, prevent
instabilities, and improve overall efficiency (Hong et al,. 2024; Mitra et al,. 2024).
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Figure 10. Aerodynamic and velocity zone.

The visual in Figure 10 presents the numerical flow simulation results of the
unmanned underwater vehicle’s final design. This image visually represents the
magnitude of fluid velocity during the vehicle’s underwater movement. The color scale
shows the values of fluid velocity ranging from 0 m/s (dark blue) to 0.450 m/s (red).
According to the analysis results, low velocities (approximately 0.02—0.10 m/s) are
observed in the front and near the body surface of the vehicle, with dark blue and green
tones dominating these areas. This indicates that the flow is spreading smoothly around
the vehicle, and the boundary layer is advancing in a controlled manner.

The highest velocity values (0.40—0.45 m/s) occur near the propellers and in narrow
passages along the body, where the fluid accelerates. In the wake region behind the
vehicle, the flow velocity decreases, but this area is confined to a small space, and no
significant flow separation is observed. This indicates that the design is optimized from a
hydrodynamic perspective and provides high efficiency with low drag forces (Mitra et
al., 2024).

In conclusion, the numerical velocity analysis and the resulting color distribution
confirm that the vehicle’s final design has a stable and flow-friendly structure (Mitra et
al., 2024).

Pressure analysis plays a critical role in evaluating the hydrodynamic performance
of underwater vehicles. In the context of fluid dynamics, pressure is an important

62



Dogu Fen Bilimleri Dergisi / Journal of Natural & Applied Sciences of East 8(1): 53-68 (2025)

Arastirma Makalesi / Research Article

parameter that determines the force density at each point of a fluid. Such analyses help us
understand the behavior of the fluid interacting with the vehicle’s surface and are
necessary to optimize the efficiency of the vehicle’s design. In underwater vehicles, it is
crucial for the pressure distribution to be smooth and controlled in order to achieve low
drag forces and high efficiency.

Numerical pressure simulations are used to predict the performance of the vehicle
at different speeds and depths. These simulations visualize the pressure differences on the
surface of the underwater vehicle, allowing the analysis of the interaction between the
design and the fluid and the effects of these interactions on the vehicle. These analyses
guide improvements in the vehicle's design and ensure it becomes more efficient, stable,
and energy-friendly.
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Figure 11. Pressure distribution.

Figure 11 presents the numerical pressure simulation results of the unmanned
underwater vehicle's final design. The pressure values range from -218.3 Pa to +75.3 Pa,
and a generally balanced and low-level distribution is observed on the vehicle's surface.
Low-pressure areas (blue tones) indicate regions where the flow accelerates; this can be
explained by Bernoulli's principle: as the flow velocity increases, pressure decreases. This
acceleration is particularly evident at the edges of the body and transition areas. High-
pressure areas (red tones) are concentrated on surfaces where the flow first makes contact
and slows down. This pressure-velocity balance indicates that the flow is smoothly
directed along the surface and that the design is hydrodynamically optimized. As a result,
resistance is reduced, energy efficiency increases, and the design has high potential as a
final product (Han et al., 2021).

In the simulations, the vehicle's speed was taken as 0.4 m/s. The obtained pressure

. . . 1
values were validated using the dynamic pressure formula EXpXV2 and were found to be

consistent with theoretical expectations based on fluid dynamics. This validates the
reliability of the simulation results.

Computational Fluid Dynamics (CFD) is an essential tool for evaluating the
performance and optimizing the design of underwater vehicles. These analyses help us
understand the behavior of the fluid around the vehicle and its effects on the vehicle's
surface. CFD simulations allow for a detailed examination of the design's hydrodynamic
characteristics, enabling the development of more efficient, stable, and low-drag vehicles.
In this process, the accuracy and reliability of the solution are of great importance. The
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convergence process of the numerical solution is a key parameter that indicates how
accurate and trustworthy the results are (Yi1lmaz, 2022; Hu and Lin, 2022).
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Figure 12. Momentum and mass convergence.
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Figure 13. Momentum and mass convergence.

Figures 12 and 13 present the convergence graphs of the numerical flow solutions
for the unmanned underwater vehicle. In Figure 12, the error values of pressure-mass
conservation (RMS P-Mass) and the momentum equations in the X, y, and z directions
(RMS U-Mom, V-Mom, W-Mom) are shown. Initially, these error values were around
the 10-1 level, but after 70 time steps, they decreased to the 10-5 range, indicating that
the solution successfully converged. For example, the RMS P-Mass value dropped to
1.0x10-5, and the RMS V-Mom value reduced to 4.1x10-5.

Figure 13 presents the error values of turbulence kinetic energy (RMS K-TurbKE)
and specific turbulence frequency (RMS O-TurbFreq). Initially, these values were
approximately 0.12 and 0.095, respectively, but by the end of the solution, they decreased
to 3.6x10-5 and 7.1x10-6. These results demonstrate that the solution is stable and
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reliable both in terms of the flow equations and the turbulence model (Shi et al., 2022).

The obtained data provide reliable CFD outputs that can be used in engineering
calculations and the design process" (Han et al., 2021).
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Figure 14. Static analysis.

As a result of static analyses conducted using Fusion 360 software, it was
determined that the displacement amount on the vehicle's side walls exceeded the desired
limits. To address this structural weakness and improve overall durability, a lower wall
was added to the design. This reinforcement increased the vehicle's rigidity and made it
more resistant to external forces.

During the analysis process, it was assumed that the vehicle would operate at a
depth of approximately 2 meters, and the hydrostatic pressure it would be subjected to at
this depth was calculated. The pressure was calculated using the formula P =p - g - h.
Here, the density of water (p) was taken as 1025 kg/m?, the gravitational acceleration (g)
as 9.81 m/s?, and the depth (h) as 2 m. The calculation result is: P = 1025 x 9.81 x 2 =
20110 Pa.

The force exerted by this pressure on the surface was calculated using the formula F = P
x A. Assuming the surface area (A) is 0.12 m* F =20110 x 0.12=2413.2 N.

This force value was used in static analyses to test the durability of the design

(Zhang and Wang, 2023). The relevant analysis visual is provided in Figure 14.

Findings and Discussion

In this study, the autonomous underwater vehicle (AUV) was comprehensively
evaluated from an engineering perspective, encompassing both the design process and
computational analyses. Maneuverability deficiencies observed in the initial prototype
were addressed by repositioning the thrusters to the outer sections of the vehicle, which
improved stability and enhanced directional control in confined spaces.

CFD analyses conducted to assess hydrodynamic performance revealed that the
flow around the vehicle's hull was smooth, with the formation of low-turbulence regions.
Notably, the low-velocity zones observed at the front surface (0.02—0.10 m/s) indicated a
controlled boundary layer structure, while the high-velocity regions around the nozzle
area demonstrated the effectiveness of the propulsion system. These findings confirm that
the design was optimized to enhance energy efficiency.
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Pressure distribution analysis, consistent with Bernoulli’s principle, showed that
low-pressure regions were concentrated in areas of increased flow velocity, whereas high-
pressure regions were localized on frontal impact surfaces. The evenly distributed
pressure profile across the surface indicates that the design aligns well with fluid flow
and operates with minimal resistance.

Static analysis results showed that the side panels experienced undesired
deformation under an estimated hydrostatic force of approximately 2.4 kN at a depth of
2 meters. This structural weakness was resolved by reinforcing the lower wall, thereby
increasing the rigidity of the body.

Stability analyses revealed a corrective moment of approximately 3.57 Nm,
indicating that the vehicle possesses adequate resistance to small-angle rollovers.
Additionally, buoyancy calculations showed that the vehicle exhibited negative buoyancy
and required approximately 1.05 liters of additional volume to achieve neutral buoyancy.
This was achieved by integrating buoyant foam into the hull, allowing the AUV to
maintain controlled dynamics during diving and surfacing maneuvers.

Overall, the findings demonstrate that the AUV offers a sufficient and sustainable
engineering platform in terms of mechanical stability, hydrodynamic efficiency, and
modular structural design.

Conclusion and Discussion

In this study, the combined use of CFD (Computational Fluid Dynamics) and FEM
(Finite Element Method) analyses from the early stages of the autonomous underwater
vehicle (AUV) design significantly reduced trial-and-error processes, shortening the
development time by approximately 30%. This integration enabled a more efficient and
goal-oriented design process.

The total mass of the vehicle was calculated as 17.5 kg, and accordingly, the net
buoyant force was found to be —10.5 N. This allowed for neutral or slightly negative
buoyancy, enabling precise depth control. CFD analyses indicated that the vehicle’s
maximum speed is 0.45 m/s, with a maximum dynamic pressure of 75.3 Pa at this speed.
These values demonstrate sufficient hydrodynamic performance and optimized energy
efficiency. The FEM method was employed not only for structural durability analyses but
also for simulating manufacturability tests. These comprehensive analyses confirmed the
mechanical components’ durability and suitability for the production process.

In this study, the maximum speed of the developed AUV prototype was determined
to be 0.45m/s. In the hydrodynamic optimization studies conducted by Sousa et al.
(2014), the maximum speeds of similarly sized AUVs were reported to be around
0.40 m/s. This indicates that the hydrodynamic performance of our design is consistent
with, and even slightly superior to, values reported in the literature. Furthermore, the
integrated use of CFD and FEM analyses during the development process reduced the
development time by approximately 30%. In comparison, (Banka et al., 2021) reported
time savings in the range of 15-20% using CFD-based design approaches. In this context,
the time efficiency achieved through the integrated analysis method is higher than that of
previous studies, representing a significant improvement in the design process. These
results support the effectiveness of the proposed methods in enhancing the performance
and development efficiency of autonomous underwater vehicles.
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