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VACCINE HESITANCY

Prof . Dr . Beh ce ERCK

Kn°ng¢g 1 n vers tesbeh Heemkenrel @kndrak.;d d we.s

I D: 0027207

ABSTRACT
The purpose of this study is to highlight t|
country-lakggbhgeharticles were searched for p

t er ms vaccine hesitancy, " "" vaancdc i "nwa chceisniet adci
online databases (PubMed, Medline, Web of Sc

Articles were evaluated according to the se

specifically relcatwdr & oeltihmei mmatseeda.r clhh eno,pit it
of the articles were read. This activity con
relevance of the identified records and whet
st uwdeysi gn and results were collected for vacoc
Vaccination resistance is a threat to I mmuni
to renewed outpbreevaekng adfl ev ald sierme e s, halrimy ng
the most vulnerable. Therefore, vaccine resi
be addressed seriously. However, the negatiyv
are not just isolated,theobkht étd towaddst tr at

and compl ementary health practices (GATSU) i
and refusal. Vaccination is a shared value
devel oped.

Keywar &wacej naadac oi nenfhleuseintcanncgy ,f act or s

Akl TEREDD! D!

¥ZET
Bu -al eékxkmaneén amacé, ke¢resel vV e il kem zde ¢
Kng | zce makaleler, -evr m - ver tabanl ar
Sc enceSalyer eRkub, | cat on) "akeée teredd¢gdyeg ™, " a
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kull anél arak konuyl a l g | yayénl anméek maka

g°re dejerlend r I m kt r. Bakl angant ang kar a et
kayétlar elenm Kkt r. Ardéndan, makal el er n b
et k nl K, tesp t ed | en kayéetl ar én uygunl

karkéel amadéjenée dejerlend retrek. malad emas et- a g
sonu-I|l aréna I Kk n ver | er, akeée teredd¢gde v
d renc akéel ama - n b r tehd tt r. S ¢

e
hastal ékl aréen yen den s%%idgléln klag ere gaeV unema N
e

czere t¢m topluma zarar verecekt r. Bu neden
el e alénmaléedér. Ancak akélama bajl aménda vy:
dej | d r. Gelfene&asebhmaml ageoaat sajl ek uygul ar
teredd¢deg ve redd nde de kademel b r arteéxka

b r dejer d r. Bu dejer n korunmasé ve gel K
é

Anahtar Ke Ak ewtitteg,edadk &€ kararseéezl éj é, aké red

GKRKKk

Aké karkéetl éej e, her hang b r akeyeée b |l erek v
reddet meye kadar t¢m duruml ar é -eren gen K
tereddg¢dyg, akéggaoutdakemhalde bazée akél arén y
yapél masénée gec kt rme durumudur. Akeé redd
2019) . AKé konusunda teredd¢tl ¢ k K |l er ©°ner
aké Yammaunda c¢c dd K¢pheler vardér. Bu ter
artmaktadeéer. Bunun en sék bel rt | en neden

2015). B I1g ve farkéndal ek eks kdnda ,f amelday a

ol masée ve ake -er ] ne g¢vens zI|I k aké kon

get r |l en end kKkeler ve zorluklardér (Yaqub,

Baj ekékl ama programl ar é l e °nleneb | r b u
mortalkzeaénhéhmasé ama-| anmaktadér. 1963 yél én
kezaméeék hastaleéjéndan, -ojunluju -ocuk ol ma
tahm nen ed | mekted r, 20216de bu saylearl28 b
a-éseéendan hala -0k y¢ksek ol sa da akeéel ama

d kkate dejer b r d¢k¢k yakanméktér. UNI CEFO



her yél 4,4 m | yon nfal knaed aern gaekléll eanmeak tt

éeérsa bu rakamen 5,8 m Ilyona ul akacaj e

Akél aren etk nl ] ve g¢venl J ne da r -0k S
aké teredd¢gdeg ve aké kad9ketbDegnpgpaySaphebkk¥ad,:

2019 yeéelénda akeée teredd¢gdenyg, k¢resel sajl ej
adl andéerméxktér ve akeée teredd¢gdegne sebep ol an
karkée var ol adugy~venbeksr kin gt ol (Worl d Heal
Kend | er veya -ocukl are - n akélarée gec Kkt
-al ékan ¢l kel er - n g derek artan b r zorl
d¢e¢nganel nde her 5 -ocuktan 1° h©l © rut n
tahm n 1,5 m lIlyon -ocuk, hOol hazéeérda mevcut
"Akéel ar ancak kull anél dékl a¥Yrinelyaels alj Iré]ve Ilya

programlaré y¢ksek aké aléem oranlaréna ul ack
tereddg¢dyg, .l ke akel ama programlar e - n g d
DS¥.

D¢nyada ve T¢grk yedde Mevcut Durum

Sorlyarda bazé DS¥ b°lgeler nde akélama orar

B°l ges O0ndek ¢l kel erde kézaméeék akésénen 1.
2019 ve 2020 yeéellarénda séraséeyl a &8 706nwdke K85
¢l kel erde 2018 yéelénda kezamék akésénén 1. d

~

bu oranén %8806e d¢ktee]é g°r¢é¢l mekted r (Worl d

AKél ama oranl arénén d¢keéeKende, akedya veer Kk md
teredd¢gdenegn de ©°neml b r payé varder. D¢ny
oranlarda ol makla b r| kte aké teredd¢gdeg rap
ABD6de 2019 yeéelénda yapeéelan b r -al ékmada, -
rumn -ocukluk -aje akélaréna, %2506 n n se gr
b I'd r I'm xt r. ¢ocukluk -ajé akélaréna y°ne
kaynakl anérken, gr p akéseéna y°neklelkertdeernedd ¢
kaynakl andéjée g°ster Im Kkt r (Kempe, 2020) .



Kt alyadda 2017 yélénda 3865 a |l en n dah | ed
n

a |leler n %3206s n -ocukluk -ajée akélarena
akél aréeeldeddetltm jkt bb. Akél anma kararéné daha
redd ve akKké teredd¢gdeg oraneéeneabaméma gij kts erk

sev yes n n d¢kegkl ¢ ¢ de daha y¢gksek ,akée red
2020) .

T¢rk ye' de -ocukl ar a akKé yaptérmayé redded

r ne --2RL1éjeepgpPagktmaktasd

o O
=}

yél énda 23 b n n ¢z

redd neden |l e akésé yapgbhrmadepbunldbap ened
yak grubunda bulunmaktadeér. Vakalar en -ok G
ge°r ¢l mekle b rl kte t¢m bl gelerde kayded | m
Té¢rk yedbde 2016 yeéeléenda yapél an odké&k - % @xenaa
karketeé ol dujunu fade etm kt r. Akeélarl a I
nternet, doktor olarak g°ster Im kt r (Tg¢rk

AKé Teredd¢gdegne Katkéda Bulunan Faktorl er

Aké ge¢venl 7 oyl e lyd el bagrndanketlleer odkaéb tlerredd
teredd¢de tet kleyeb I ecek b r-ok faktorden
fakt°rl er de neden ol ab | r: kadénl arén axeée@
olumsuz; wywamkléwmrb I g ; sajléek -al éxkanl ar éna
n¢gfuzlu | derler n rolg¢; mal vyetler; cojraf

Yé¢ksek gel r grubuna sah p ¢l kel erdemglhpel a
nedenl er nde akélar hakkeéndak yanl éx b | g

gel r grubuna sah p ¢l kelerde aké tereddg¢d,
h zmetl er ve akKkélarén yer masgelyenekhsebh ks apy
2019) .

KI'k ol arak 2011 yeéeléenda DS¥ EURO Akxké Klet
mo d e | 0 aké teredd¢degnde 1ol oynayan ge¢ven (
(conven ence) durumlaréneadeelyen!|l earh ammn Ve kli @ r
teredd¢gdegnde r ol oynadéejéené bel rtm kt r. 3C
akélaréen etk nl | , akélaréen ge¢ven rl I

duyul an glgvenr (MacDagnal d, 2015; Altak, 2023

4



Model de yer al an Kk nc fakt®or se rehavet
rehavet | e fade ed | mek stenen, géneémeézde
bu hast &l ézkalraarrélné -ool madéj é veyahut az g°r¢l d

gereks z ve °nems z ol dujunu d¢k¢egnmeyl e ort

Asl énda bu durum paradoksal b r durumdur, a
bakarendndan kaynakl anmaktadeéer (MacDonald, 201
Ebeveynler n Tutumunu Etk | eyen Aké Tereddgt
l. Sosyodemografik ¥zellikler

Sosyo ekonom , yak, érk, ej] t m d¢zey , -o0cl
sosyanodr af Kk °czel l kl er ake teredde¢gdeényg et
-ocujun bajéekékl ék s stem , al gel anan hast e
deney m ve sosyal -evre ebeveynler mRO0dkK38ya o

2. Sosyal Medya

Sosyal medya sajléek b | g | er konusunda b r -
sunmaktader. Facebook, Tw tter, |l nstagr am,

pl atformlar sajlekla |kegmhséyanheéedem bgabet
Oktem et al ., 2023) . Sosyal medyadak go°rse
yalnézcal9C@a@VikDar kK & dej |, ayne zamanda d 7] ¢
bul unmaktader. Sonelkeol ay daer smsyhiul medgm acx
sayéesé artmaktadér (W | son & Keel an, 2013) .

yay mak, tép cam aséné g°zden d¢kegrmek ve Kk

medyada akél amhmadépenéekhatta zararl & ol duju
g¢é¢nden geéegne artmaktader. Akél amaya y°nel Kk
n yetler n etk | eyeb | r ve b°yl ece akeél ama
Dernapée 2021).

3. Aké G¢gvensiozlifjgi ve Akélarén Yan Etkil eri
Yapél an akeéelarén haf f yan etk | er bul unmak
AkKé b | ekenl er bazé al écél ardaneakafybakar av
ol ab | r. Bazé olumsuz ol aylar akeéel amayl a ge
akédan kaynakl anmaz.



T¢rk yedbde yapélan b r saha -al éekmasénda ebe
00AKél arenf umauv @rglk ¢ nonlede / yan et k | er hakk=en
fade etm kt r (Hasar, 2021). Yapeéelan b r -a
akeée ¢rett J zararl e yan etk Il er olmMuj unu
kaynakl & ake teredd¢gdeg gerelmegktegr. A | e saj
b r mler ndek ebeveynler n -ojunlujunun acxk
°neml sebeb n n se akeée@ -eakg he2@2@®ernmed
4. Aké K-er Kkl er

AK é -er kler nde bulunan bazé maddel erden |
a-ab | mekted r. AK é -er ] nde bulunan bu 1
bul unduju - n ake y eopetvéerymd ketra mt 2 r eébdud ¢utn ma |
Th merosaleva b kEéekeéen olup suda er yeb | r
b r kmeden késa zamanda ateéel ér ve herhang b

Y ne adj) uakénl aorlaarekl enen Al ¢m nyumbébun y¢ksek

dojru, ancak akeélarla alénan al¢é¢m nyum m kt a
2013). Anne s¢teéeyle beslenen b r bebek, doj |
almg nyum al éyor . Ejer formula mama l e besl e
Oysa ayneée sg¢re - nde akeélar yoluyla v¢gcudun
yapélan -al éxkmalarda toks k ol madéjé ortaya

5. De nD jver Nedenl er

D n nedenl er, toplumsal ol arak bakeéel dej énda
veya genel ol ar ak | a- kull anéména k kK sel
-ocukl arénén gel ecej n dlkkameyeael arndk heymé
ebeveynl er se akél ama l e °nl enen hastal ékl
bu hastaléeklara yakalanma r sk n n -o0ok d¢kyg
Dem r, 2021) .

6 . Cby 8HalgeypyaheEbek Aké Kararéna Etk s

Covl® pandem s¢rec | e baklayan akél ama
get r I mes nde ve g¢-lenmes nde ©°neml b r
-al exmal ar neledl esmd geemed es-éGauk Huk - ajeée aké t
sérasénda ©°nces ne oranla arttejeé, pandem r



yakandéjeée ve -ocuklara y°nel k akél ama zama
Khan, 2021; Al sula 203agn & Al ageel

Aké Teredd¢gdenegn En ¢ok Gore¢ldegj] ¢ Grupl ar

AKé teredd¢dy, farkl & demograf k ©°zell kl er e

teredd¢gdegn yaygén ol duju grupl ar;
1. D¢kegk EJ t m D¢gzey Ol anl ar

Ef t m d¢zey d gyl nd feylver etkkénllarfén konust
duyab | rier. Kng | teredde yapélan b r -al éx
karkée daha fazla teredd¢t g°sterd ] bul unmu

2. Kadénl ar

Kadeénl ar, ak édlnaurséunn dyaa nd aehtak flaezrl a kend Ke duyal
-alekmada, kadeéenl arén akéya karké daha fazl a

etk lerle l g | ol duju bulunmuktur (Skjefte
3. Gen- YédB4k¥Xawm) er (18

Gerny-et kk nler, akéya karké daha fazla teredc
2634 yak araseéndak b reyler n akéya kar«ke
(V swanath, 2021).

4 . D¢k k Gel r D¢zey ne Sah p B reyler

D¢kek gede rsah zpeyb reyl er, akéya karké daha
yapélan b r -al ékmada, d¢kek gel r d¢zey ne
g°sterd ] bulunmuktur (Frank & Ar m, 2020).

5. Azénl ék Etn k Gruplar

Azéenl ekuptark gar hsel ve yapésal ex ts zI| Kk
gestereb | rler. B rlekxk k Krallék'ta yapélan

grupl arén akéya karké daha fazh aett ealedd¢2022

6 . D n Knan-1lar ve Komplo Teor | er ne Yat ke



Bazé d n nan-1ar vV e kompl o teor |l er ne
Venezuel a'da yapélan b r -alékmada Protestart
bul unmukWsasic nsKk et al., 2020).

7. Sosyal Medya ve Dezenformasyon Etk s
Sosyal medya ve dezenformasyon akéyal9arkeée
pandem s séraséenda, yanleéex b 1Ig ve kompl o
etl .g 2020)

AKé teredd¢degnegn Azaltél maséna Y°°nel K ¥ner
Et k | l et kK m: Genel ol arak aké tereddg¢dyg
keffafl ék: AkKkél ama programénén Yy¢ireégteéicegseée ak
ol dukl aréné net ol arak ortaya koyan b | ms e |
uygul anmaya bakl amasé l e b r| kte t¢m yan e
nedensel I KKk n n yaneée sérna éwnlka@&!|l amal pz o@r
-er kler n n keffaf ol arak s¢r ekl er K me
Sajl ek haberc | ] ve sajl ék okuryazarl ej e:
kapsamda d¢zenl Kekrl deg ¢ ¢t gl Imend , r mek éf &aalr
y°nel k b | msel kanéetl ar esas al énarak hazée
payl akeél mal éder .

Yas al dé¢zenl eme, kesétlama ve yapteéeremlar: K
gp¢m¢gzde artan ulusl araraseée I Kk | er, seyat
al éndejéenda yasal yaptérém ve késétlamal ar

b r f k r b rlI J ve ortakryakl akémén tes s
Sonu -

Aké toplumun sajl éjéné korumak - n vazge- |
-n potans yel b r tehd t ol ukturduju g° z
nedenler n n ortaya konul masé gmagdkane&krt ae-dl ar.
yanl ék kull anémé sonucu orta -ékan b I|Ig k
b r nc basamak sajl ék personel n n dojru v
ebeveynlere sunab | mesul loddarka ag °mae mj dy &l | &
gerek-elerle akélama ol gusunu karal anmakt a;
dayanarak akeéel aré zararl é l an ed | d J geor ¢
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asé nNensayl k&t lretl me an ol arak g°r ¢
y°nteml er | e hal kén sajl ek okur

| mes ol mal edeéer .
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SUCCESSFUL AGING IN RURAL ELDERLY PEOPLE

Prof . Dr . Behice ERCK
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ABSTRACT

Aim: The study was conducted to investigate successful aging and the influencing factors
among elderly individuals living in rural areas.

Method: The study was descriptive. The stugs conducted between January and November
2024 in a rural area in the eastern part of the country. The study population consisted of 3576
elderly individuals aged 65 and over, 1734 females and 1842 males, registered at a Family
Health Center. The samplezs of the study was determined to be 610 individuals using power
analysis, with a 95% confidence interval, a 0.05 error level, and an effect size of 0.2. Elderly
individuals were randomly selected from the population. The study was completed with a total
of 610 elderly individuals. Data were collected by the researcher througttofteme
interviews with individuals aged 65 and over registered at a Family Health Center between June
and December 2024, at their homes. A personal information form and tbesSiut Aging

Scale were used to collect data. The data collection tool to@0 Ibinutes to administer for

each elderly individual. Findings: The average successful aging score of elderly individuals was
found to be 24.6 N 9 .wére founchtd have ah WEA impadt anr a c t ¢
successful aging, with marital status, education level, perceived income, and physical activity
being among the individual characteristics that individually influence aging success.

Conclusion: The successful aging soof the elderly included in the study were found to be
low, and individual characteristics influenced successful aging.

Keywords: Successful aging, individual characteristics, influencing factors, rural area

KI RSAL ALAN YAKLI LARIYMARA ABIMAARI L |

¥ZET

Ama - : Araktérma keérsal alanda yakayan yak]l
faktorl erin incelenmesi amaceéeyla yapél mexkteér
Met ot : Arakt érma tanémlayéceée t¢irde yapeéel méx
OcakKasém 2hOl24r it aarriasénda yapél mékter. Arakter
kayéetl e 65 yak ve ¢stg¢; 1734 kadén ve 1842
ol ukturdu. Araxktérmanéen °rneklem b¢gyekl ¢ ¢ @
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dzeyinde, 0. 2 et ki b¢yeéekl ¢] ¢nde 610 birey

randomi ze ol arak se-ildi. Araktérma toplam 6
Haziran Ar al ek 2024 tarihleri ar asengsat ¢ailier esyaljel
evlierinde y¢z yeée¢ze g°ré¢kel erek arakteérmaceé t
bil gi for mu, Bakar él @& Yakl anma ¥I| -ejJi kul | a
uygul andma ss$¢ rldbg .

Bul gul ar: Yaxdel &iyawll @amma pwauan ortal amasé 2
Bireysel °zelli klerin bakareéel é yaklanmaya %
medeni dur um, ejitim d¢gzeyi, gelir algé dg¢ze
yakl anmayeée etkilediji saptanmécxkter.

Sonu-: sonu- olarak arakteéermaya al énan yaxkl é

o

bireysel zell i klerin bakareéeleé yaklanmaya et
Anahtar Kelimeler: Bakar él € yakl anmaet bilrieysakt ®rzzleéd j ki

GKRKk

Birlekmik Milletler d¢gnya n¢gfus tahminlerine
milyon 972 bin 573 kiki, yaklé n¢gfusun i se €
Bu tahminlereugtne®%tigngasngiugakl & n¢gfus ol u
oranéena sahip il k ¢- ¢l ke séraséeyla %36, 2 il

ol du. T¢rkiye, 194 ¢k, KKk,aszZ2ham) .75. seérada
T, KK n¢gfus tahmigrluesr iomanghreen YaHKBIOe yrel énda %
2060 yél énda %27, 0, 2080 yél énda %33, 4
°ng°r ¢l mektTegdikr .yePUWkK)yakl & n¢gfusun deji Kim
grupl aréna g°re daedia( TH &XI, é} 2dkrZ58ikz dge® sd oejrume K\

hézl aréendaki d¢é¢ K¢ K, sajl ék sekt°r¢gnde meydan
d¢zeyinin ve dojumda tahmin edilen yakam sg¢
deji ktirmik, éeoamhkl eekenggakbebharéen( igKKs I -
2025)., | kemi z yakl é& n¢gfus yapéséna sahip ¢l kel e

da, yaklanmaki(d,| &Kan2Bi26) ¢ kedir

N¢gfusun yaklanmasé nedhenrzimelted edignkar makekheéis
mal i yetler ve y¢k ve daralan i K g¢ceg gibi z
yakl anma, 1950'" 1l erde ortaya -ékan ve 1980"']|
yakl anma, hastal &krvel makayb&kek biliksel V €
cretken katéléem ol arak tanémlaner (Baltes &
yakl anma n¢gfusun yaklanmasénén sajl ék siste
oluktumdlujy¢kbeere bir -%z¢m ool abilir (Lee e
bakkal aréna bajéemleéeléejé artérabilir ve yakan
edilir (Delle et al ., 2018) . Saj | gkelteg ygukltan

ve ekonomik durum) ve yakam tarzeée al ékkanl e
faktorl er | e -Mdlinaetlli, 2019dFoscolo( & &l.a2020;0Gutierrez et al., 2018).

Yakl e yetikkinlere dashg |iaynaks aj-li @k ywd nyawkwam u
dej il , ayne zamanda ki ki sel yakaml aréenén he
s¢re-lerindeki geni K sosyal et ki yi el e al ace
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gerekmektedir (Henningmit h, 2020) . Yakama bajl é& yaxkl el éj

-ojunlukla kent sel negfusa veya huzurevlerine
al anl ardaki yakl & bireyl eri ayne anda ayneée
araséeéndaki °nemli sosyoekonomik ve yakam tar
alan araséenda farkl é& ol ma ol asél éjeée varder.
k°t¢ sajl ék kokull aré neunwmylyd ek ayreké& rilksarzk é&syag
2012) . Bu dur um, kéersal kesi mdeki yakl é yeti
sajl ek kokull aréna, daha d¢k¢k yakam kalites
yol a- makt adér0lq Danet@l.2@5; Bingebah, 202Q

Dojukta beklenen yakam s¢resinin her yeéel dah
dejerl endiril mesi bireyin yakaméndan keyi f ¢
Kansé tanéyaedijr. dBw schgd meckda bakaréel é& yakl an
ortaya koymaktader.

Bu -al é&kma kérsal alan birinci basamak sajl
yakl anmayé saptamak amacéyla yapeél méxkteér.

2. METOT

2. 1. Arakt érmaneén Tg¢r ¢

Arakt érma tanémlayécée t¢grde yapél mékter. Ar
Kasém 2024 tarihleri arasénda yapél mekter.
2.2. Araktérmanén Evreni ve ¥rnekI| emi

Arakt érmanén evrenini Aile &aatjd.e] 7 We rikkaedzd m e
ol mak ¢zere toplamda 3576 vyakleée birey ol ukt
anal i zi ile %95 g¢ven aral ejénda, 0.05 yane
ol arak belirlendi. Mareéobareklse-ehdendAnacx
birey il e tamamlandeé.

Arakt érmaya DOhi | Edi |l me Kriterleri

Kl eti kim probl emi ol mayan

Kkitme ve g°rme problemi ol mayanl ar

2.3. Araktérmada Kull aneéel an Ver. Topl ama Ar a
Verilerin topleeamasemd&@ndaaktoémuma ur ul an Dem
Bakar él e Yakl anma ¥I| -e7J i kull anél dé.
Demografi k ¥zellikler For mu

Arakt érmaceée taraféndan ol uwteurowlrarf ilku °fzaerl m i
cinsiyet, medeni gdeulrium, segjilteijng daglzgbsikte, ma , ki
yakadaklgara, ve al kol kull anma dur umu, fizi
toplamda 11 sorudan ol ukmaktader.
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Bakar él & Yakl anma ¥I| -efji (BY¥)
Kl k kez Reker tar dfeendaxnd amimak t¥dr-welja mi Bia K a8rYe¢ )

géevenirliji Hazer ve ¥zsungur taraféendan 201
yaklanmaya dair sajl ékl e yakam bi-imi ve sor
°] -en kiesda kveer t70tli pli bir ©°|l -ektir. BY¥ 10 if
¥l -eji, Sajl ekl & Yakam Bi - i mi (5, 6 ve 10. 1
7, 8 ve 9. maddel er) ol mak ¢zere nt apléeambi kie
mi ni mum puan 7, maksi mum puan 7006dir. ¥ - ek
durumunun arttejéené ifade etmektedir. Hazer
T¢rk-e uyarl amaséenén Sajl ekl eh$akan fRi -ii-mit
kat sayéeésé 0.80, Sorunlarla M¢cadele Etme al't
0.79 ve BY¥ toplaménén Cronbachés alfa i- 't
arakteéermadaki alfa katsayésé 0.856dir.
24Verilerin Topl anmasé

Arakt érma veAridleek H®BZ4 rtaari hl er i araseénda ¢
sajl eje merkezine kayeéetl é 65 yak ¢ste¢ birey
tarafeéendan toplandeée.seVerbiillegri tfooprlmauma kB aik-airné |
kull anéel dé. Her bir ver-20teoptagmpma aracénén uy
2. 5. Arakt érmanén Eti k Y©°ng

Araktérmaneén yg¢r gt el mesinde Eti k kurul onayeé
al éndekt atnr maoya ak aatréalkan her yakl é bireyden vy
bili msel araktéerma ama-1¢é& kull aneéel acaj é, VA
araktérmadan -ekilebilecekl eri ve ¢ gltli gl ¢

3. SONUCLAR VE DEJERLENDKRME

¢Ci zelYpx |1 26. Bireylerin Tanéeteéeceée ¥zelliklerine
¥zell ikl e1S %
Cinsiyet

Kadén 225 36.9
Erkek 385 63.1
Efjitim Dg.:

Kl kokul M 263 43.1
Kl kokul M 254 41.6
Ortaokul Mezunu 53 8.7
Liseve, st ¢ M 40 6.6
¢al ékma di

Evet 79 13.0
Hayeéer 531 87.0
Medeni Durum

Evli 440 72.1
BekO©Or 170 27.9
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Birlikte

EKi 296 48.5
¢cocukl arée 74 12.1
EKi ve - 01140 23.0
Yal néez 100 16.4
Kroni k F

Durumu

Evet 500 82.0
Hayeéer 110 18.0
Fiziksel Aktivite

Yapma Durumu

Evet 345 56.6
Hayér 265 43.4
Sigara  Kullanma

Durumu

Evet 115 18.9
Hayeéer 495 81.1
Alkol Kullanma

Durumu

Evet 32 5.3
Hayér 558 94.7
Sajl ejéene

Durumu

Ky i 162 26.6
Orta 259 42.5
Kot ¢ 189 31.0
Y ak Mean: 74 N 6.1

Tablo2.Bakar él € Yakl anma ¥I| -ejinin Puan Ortal am
Bakar él & YatMin Max XNSD

Sorunlarla 170 43.0 18.1 N

Sajl ekl e Yati30 21.0 6.5 N 2

Toplam ¥I| -ell0 64.0 24.6 N

Yakl & bireylerin
24.6 N 9.
dé¢ Kkt gr .

bakar él é
16dir . Bu

yakl anma puanl ar é

ortal amaya w&w«leamma Kd £ ang
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Tablo3.Bakar él & Yackl

anmaya EtKki

Eden

Faktorl erir

Unstandardized

Standardized

Coefficients Coefficients

Model B Std. Error  Beta t Sig.
1 (Constant) 14.962 5.525 2.708 .007

Y aKk .060 .063 .040 .954 341

Cinsiyet .329 .897 .017 .366 714

Medeni Durum -2.304 978 -.113 -2.357 .019

Efjitim D¢z -1.357 475 -.127 -2.857 .004

Ki minle Ya .266 .353 .034 752 452

Gelir Al gé 1650 .689 101 2.393 .017

¢al ékxkma Du .389 1.137 .014 342 732

Sajl ek Al g 2102 .535 174 3.928 .000

Kroni k Has .731 959 .031 .762 447

Fiziksel Aktivite 3.550 .784 192 4,529 .000

Sigara Kullanma -.687 .621 -.044 -1.106  .269

Alkol Kullanma -.604 1.066 -.023 -.566 571

R=.33 R=.11 F=6.31 p=.000
a. Dependent Variabl e: Bakar él e yakl anma
Effects
Target: Basanhyaslanmatop
Yas_transformed &
S8SaghfiniziNa... q:"j—
Basanhyaslan...
&
EgitimDizeyi_... @b

Yapél an analizlere g°re bireysel ° zstatikdeli k1 er i
ol arak etkil:| ol duju tespit edi |l mi ktir (p<oO
yakl anmayeée %ll d¢izedrindlet FFl6e®il],i pER®0D®3, sR
yakl anmaya ki kisel dejikkeéantemun, eeki si mi dge
algesenen, sajlek algésénéen ve fiziksel akti
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Tablo 4. Sorunl arl a M¢cadel e Al't Boyutuna EtKki
A-éklanmasé (n:610)
Unstandardized Standardized
Coefficients Coefficients
Model B Std. Error Beta t Sig.
1 (Constant) 8.659 4.272 2.027 .043
Y a K .067 .049 .057 1.378 .169
Cinsiyet .586 .691 .040 .847 .397
Medeni Durum -1.712 .755 -.108 -2.268 .024
Ejitim D¢z -1.238 .367 -.149 -3.373 .001
Ki minle Ya .54 273 .025 .562 574
Gelir Al gé 1.233 532 .097 2.317 .021
¢al ékma Du .619 .879 .029 .704 482
Sajl ék Al g 1420 412 152 3.446 .001
Kroni k Has .570 737 .031 773 440
Fiziksel Aktivite 2.956 .604 .206 4.891 .000
Sigara Kullanma -.504 481 -.042 -1.049 .294
Alkol Kullanma -.466 .825 -.022 -.565 572
R=.34 R=.12 F=6.86 p=.000
a. Dependent Variabl e: Sorunlarla M¢gcadel e
Tabl o 406de g°r ¢l dejé¢ gi bi bireysel °czel li
m¢cadel eyi etkilediji ve ist dtpi<l0s &@l01091.a rKank ed
bireysel ©°zelliklerin sorunlarla m¢callel e
F=6. 86, p=.000) saptanméexkt er . Sorunl ar |l a
incelendijinde medeni dugasmnumén,ejsdjilmeid sazleyé
aktivitenin bireysel etkilerinin olduju bel
Tablo5.Saj |l ekl & Yakl anma Bi-imi Alt Boyutuna
A-ékl anmasé (n:610)
Unstandardized Standardized
Coefficients Coefficients
Model B Std. Error  Beta t Sig.
1 (Constant) 5.977 1.733 3.448 .001
Y a K -.001 .020 -.003 -.063 .950
Cinsiyet -.338 .282 -.058 -1.198 .231
Medeni Durum -.655 307 -.105 -2.131 .033
Ejitim D¢z -.104 .149 -.032 -.699 .485
KimineYak adéj.117 111 .049 1.057 291
Gelir Al geé .447 217 .089 2.061 .040
¢al ékma Du -.260 .358 -.031 -.726 468
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Sajl ék Al g .707 .168 191 4.196 .000

Kroni k Has .226 .302 .031 .750 453

Fiziksel Aktivite .585 246 103 2.374  .018

Sigara Kullanma -.190 .196 -.040 -.972 332

Alkol Kullanma -.145 .336 -.018 -.433 .665

R=.25 R=.06 F=3.41 p=.000

a.Dependent Variable: Sajléklé Yaxkl|l anma Bi - i mi
Tabl o 50de g°°r¢l deg] ¢ gi bi bireysel °czelli kl e
bi -1 mini et kil edif7i ve istatiksel ol arak et
bireysel °zelliklerin soruwniaréetnkimpeddbpl e( RE
F=3.41, p=.000) saptanmext er . Sajl ekl é y a K
incelendijinde medeni durumun, gelir algéesén
etkilerinin olduju belirlenmicktir.

4. GENEL DEJERLENDKRME VE SONU¢LAR

Sonu- ol arak araktérmaya katélan bireylerin
bakaréel é yaklanmaya ve alt boyutl aréna bir.
dé¢zeyinin, gel ir al gesieheal, slfil eikt eanli é s&n
belirl enmiktir.
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Abstract

RUNX2, a transcription factor, plays a key role in both normal bone developmeoaiacet
progression. In the context of cancer, RUNX2 is generally considered an oncogenic-(cancer
promoting) protein. Its overexpression promotes tumor growth, uncontrolled cell proliferation,
and survival in many cancer types (such as prostate, breagstahathyroid cancer). RUNX2's

role in cancer metastasis, the spread of cancer to other parts of the body, is particularly
important. It is a key factor in the spread of breast and prostate cancers to bone. It enables cancer
cells to overcome tissue bars and activate enzymes that dissolve bone tissue. Furthermore,
high levels of RUNX2 may contribute to cancer cells developing resistance to chemotherapy
and treatment failure. Because of this multifaceted and complex role, RUNX2 is being
investigated as potential target for cancer therapy. Inhibiting its activity or expression may

lead to new and promising strategies for cancer treatment.

Keywords: Cancer, cell proliferation, tumor, RUNX2

Introduction

RUNX2, as a transcription factor, playsmcial role in both normal cell functions and cancer
development. It normally plays a critical role in bone development and osteoblast
differentiation by regulating the expression of genes required for bone formation. However, in
the context of cancer, ¢hrole of RUNX2 is quite complex and is thought to function as an
oncogene (a gene that promotes cancer growth) in many cancer types.

Overview of the Role of RUNX2 in Cancer

Tumor Growth and Proliferation: In many cancer types (such as breast, prosigtéyyuoid,

and pancreatic cancer), overexpression of RUNX2 contributes to the uncontrolled proliferation
of cancer cells and tumor growth. This may occur by triggering the activation of other genes

that regulate the cell cycle and promote cell divisian.( 2023).
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Metastasis: RUNX2 increases the ability of cancer cells to metastasize (spread to other parts of
the body). It plays a particularly important role in the bone metastasis of breast and prostate
cancers. This is related to RUNX2's activatioemtymes that degrade the extracellular matrix,

such as matrix metalloproteinases (MMPs). These enzymes facilitate the spread of cancer cells
across tissue barriers (Pratap et al., 2006; Akech et al., 2010).

Chemoresistance (Chemotherapy Resistance): RUNX® help cancer cells develop
resistance to chemotherapy drugs. This is a significant factor that complicates the treatment of
aggressive cancers (Huang et al., 2025).

Cancer Stem Cellularity: RUNX2 is thought to regulate the properties of cancer stem cell
Cancer stem cells are the cells responsible for tumor recurrence and resistance to treatment.
RUNX2 has been shown to reduce the success of cancer treatment by increasing the viability
and proliferative potential of these cells (Komori 2020).

RUNX2 by Cancer Type

The role of RUNX2 may vary depending on the cancer type and the cell context in which it is
found.

Breast and Prostate Cancer: In these cancer types, RUNX2 is a key factor in bone metastasis.
Its overexpression activates genes that destroy tiesee and facilitate tumor growth within

the bone (Zhao et al., 2021).

Thyroid Cancer: Knockdown of RUNX2 (suppressing gene expression) reduced the
proliferation of thyroid cancer cells, suggesting that RUNX2 also has an oncogenic role (Niu et
al., 2012).

Lung Cancer: RUNX2 helps tumor survival by inhibiting apoptosis (programmed cell death) in
lung cancer cells (Lee et al., 2011).

RUNX2 as a Therapeutic Target

Due to the negative roles of RUNX2 in cancer development, researchers are working on new
therapeutic methods that could target this gene and its signaling pathways. Inhibiting tumor
growth and metastasis by inhibiting the expression or activity of RUNX2 could be a novel
therapeutic strategy, particularly for patients with bone metastasesglduah, 2025).

Conclusion

Consequently, RUNX2 often acts as an oncogene that promotes cancer progression, metastasis,
and treatment resistance. However, research in this area is ongoing, and more studies are needed
to understand exactly how RUNX2 fungt®and how it can be used to combat cancer.
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Abstract

The PI3K/Akt signaling pathway ia vital network that controls fundamental cell functions
such as growth, proliferation, survival, and metabolism. Normally responsive to extracellular
signals, this pathway is activated uncontrollably in cancer cells, promoting tumor formation and
progressn. Overactivation of the pathway causes cancer cells to proliferate rapidly and bypass
programmed cell death (apoptosis). This allows the tumor to survive and maintain its size.
Furthermore, the PI3K/Akt signaling pathway helps cancer cells reorgaeizemétabolism

to meet their energy needs (Warburg effect) and contributes to the formation of new vessels
(angiogenesis) that nourish the tumor. It also increases the ability of cancer cells to metastasize,
facilitating their spread to other tissues. Dwthis critical role, key components of the pathway,
such as PI3K, Akt, and mTOR, have become important targets in cancer treatment. Drugs
targeting this pathway hold promise for new treatments aimed at halting the growth and spread

of cancer cells.
Keywords: Cancer, Cell Proliferation, Apoptosis, Metabolic Reprogramming, Angiogenesis

Introduction

The PI3K/Akt signaling pathway is one of the most researched and important mechanisms in
cancer biology. This pathway governs fundamental cell processkesasusurvival, growth,
proliferation, and metabolic activity. Normally activated in response to external signals such as
growth factors, this pathway is persistently and uncontrollably activated in cancer cells,
promoting tumor formation and progression.

The main roles of the PISK/Akt pathway in cancer development are as follows:

Uncontrolled Cell Proliferation:
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PI3K/Akt activates proteins (e.g., cyclin D1) that regulate the cell cycle and promote cell
division. This leads to cancer cells ignoring the ssignals seen in normal cells and
continuously proliferating.

Inhibition of Programmed Cell Death (Apoptosis):

One of the most important abilities of cancer cells is to evade apoptosis. The PI3K/Akt pathway
inactivates preapoptotic proteins like Bad, whicimitiate apoptosis, while increasing the
activity of anttapoptotic proteins like Be2, which promote cell survival. This causes the tumor

to persist and resist treatment.

Metabolic Reprogramming:

Cancer cells require high amounts of energy to meet ridugidd growth needs. The PI3K/Akt
signaling pathway promotes this metabolic shift by increasing glucose uptake and aerobic
glycolysis (Warburg effect). This allows cancer cells to generate the energy needed to
proliferate rapidly, even in oxygenated or geyfree environments.

Promotion of Angiogenesis and Metastasis:

PI3K/Akt regulates angiogenesis (the formation of new blood vessels), a process vital for tumor
growth and spread. This pathway increases the production of angiogenic factors such as
VascularEndothelial Growth Factor (VEGF). It also promotes metastasis by making it easier
for cancer cells to overcome tissue barriers and spread to distant organs.

Recent Studies

This study provides an overview of the role of the PI3K signaling pathway in daiotzgy.

It details the genetic and epigenetic regulation of the pathway, how it is activated in different
cancer types, and its potential as a therapeutic target (Fruman et al., 2006). Another study
focuses on the downstream targets of Akt and how Ajctading regulates processes such as
cell growth, proliferation, and metabolism (Manning, B. D., & Cantley, 2007; Samuels, Y., &
Velculescu, 2004). This important study genetically substantiated the role of the PI3K pathway
in cancer development by demoiasitng that mutations in the PIK3CA gene (the gene encoding
the catalytic subunit of PI3K) are common in many cancer types, particularly colorectal cancer
(Vivanco, I., & Sawyers, 2002). It comprehensively describes how the PI3K/Akt pathway is
activated incancer and how this activation promotes tumorigenesis, angiogenesis, and
chemotherapy resistance. These references will help you gain a deeper understanding of the
complex and multifaceted role of the PI3K/Akt signaling pathway in cancer (Cantley, 2002). |
examines why the PI3K/Akt pathway is such an attractive target in cancer treatment and the

first therapeutic approaches targeting this pathway. It provides important insights into drug
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resistance and the potential of targeted therapies (Sleiman, 1S.2628). It discusses how the
PI3K/Akt/mTOR pathway is being used as a target for precision oncology in cancer treatment.
It provides information on the use of the pathway activation as a biomarker in different cancer
types (e.g., breast cancer, lunga@am and current clinical trials (Bader, J., & Wagner, 2021).
Conclusion
The central role of the PI3K/Akt pathway in cancer has made components of this pathway
important targets in cancer treatment. Drugs such as PI3K, Akt, and mTOR inhibitors appear
to aim to stop the growth and survival of cancer cells by blocking this pathway.
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¥ZET

Denge dijer fiziksel uygunl uk unsurl aré ile
kabul ge°rmektedir. Dengenin korunmasé ve gel
ihtiya- duyul an gereksi ni mlree dye°nn ebliirk du yrg u |IBaur
egzersizlerinin kateéeleémcélaréen statik ve pro
g°sterecejinin belirl enmesi ama-|l anméxkter.

46, 61N7,33) katél mantdemi zArakaéeanmai giupglraba
kontrol gr ubu, bir grup i se diren- grubu ol
standart yakaména devam eder ken;60didra&kn -k agraup
s¢éren diren-Kkaetgézleérnsi g? 8r e nmi K t-son .test Mpdelk t € r me
kull anél méktér. Arakteérma 12 hafta boyunca c
performans unsurl aré bilgisayar tabanleée bir

dej i kbeniinr |l enmesi baj-tteensteiz Rulnleknh @mhe&xkt etr v
deji kkenlere fark testi yapélméxteéer. Aracxter
arase anl aml e bir fark ol ukmadej é bogel i r |l en
skorl aréndaki artéken diren- grubu | ehine
belirl enmicktir (p<0, 05) . Bu nokt ada, yeti
egzersizlerinin proprioseptif denge czeri
demeéel mektedir.

Anahtar kelimeler: denge, antrenman, egzersiz, kuvvet

D¢zenli fizjkbem Bkteyihemide toplum a-ésénd
faydasée ol duju bilinme&kneak rbumBluarnflay daémer lae
°l ¢m oranl aflgyna@mann zlkd Imats(@4)jbnaijné msrétzrhaggv® n kor |
yakt @eyber de d¢kmgh6)bislkii ms enl ay i, 8nesek nt gie | k kK onk
bul akeéce ol mayan hastal ékl gr9eémn 0)g° ryegelrme al sma
Bu faydal aré el dfei 2it kne&!| i a K tnibeklamnese yywy@meerl g ekl e-rc
sayéda -al ékma yapélIlfméxktlér e(glzlerls2)z. tGeneelrliin
(°rnejin, diren- egzersizleri, aerobi k akti:
°neril mektedir (11,12).

Bu bajD¢amydaa Saj |l € BS¥hegt¢itk ki nl erin de°rtte biri
sajlayacak d¢zeyde aktif ol madéjénée ve d¢nyce
yetersiz fiziksel aktivited ¢, zeyi ne sahip ol dujunu vurgul amal
araktdeaembkarzer bir tabloyu ortaya koymaktadeé

Literate¢rde, fankia@aspoépakasyonlkegedaat él eme a
i ncel eyen -0k sayéeda 12&) ékBa buwllgumakt adey
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adliemadahia-lien veet kantrenman proogerndml ar
sunmaktadér . Blugnzvemll a  bvier |y kk see k bh a
i steksiz ya dahamatii vegzelrmamadgdé rriedarl
nde en y¢ksebhrekkeéyeamakadap®aoakdtu]j dnu.

¥rneg@imen- egzersizleriledd&Rrege/sdtaamlrviel ,iEtxyearkxingsre
bireylerdef i zi ks el I Klae-vadsnémgdkdn ktnamllimelsiil edkenl er
(5,6). Hemkas kuvvetihem ded u r u Kk  kspantif pedormang19,20) kadarg ¢ n | ¢ k

yakamda verimli(Rlk vei badem&ezkék ©°neme sahi
czerine yapélan antrenman, di deumiseadeér e whm
veya motivasyona sahip bireollaerrak -denj é€rnlceen diki

Denge ve postg¢ral kontr @1° zked p a skil tee, syiargil né il tad na &
azaltma(22) veg ¢ nl ¢ k yakambakemsgiEtEeERE) aaaakdtienmad a n

°neme sahip ol masé, denge veal semanbatifeymiddhb
incel enmesini prati k vV e Kl inik a - € Jeaah dej e
fonksiyonel i

] ir tvéer, ykiwlaidrayjk@jklen eesgkzheer sai z yapm
bireyler i - i n °nem takeér. saxikkoegmeni egner®snlzdremeas, i |
stratejilerden biro | ar ak kabul edi |l mektedir (24). Ej er
czerinde de olumtamené&ideméersiag | Biyoe wlaer -0
ol arak ©°nerilebilir ve idakapenmig(Zinheny dekagerh d° ne
dengeyle il ?rkehmesbonenkatka sajlayabilir.

2. Y¥NTEM
21.¢al ékma Tasarémé ve Katél émcél ar

¢cal ekmaya bakl amadan °nce eti k kurTékiomdayje :

Namék Kemal ''ni ver sit esulubiKdami &l &m atkitké mal &a

Bildirgesii | kel eri ne uygun ol arak ye¢reéetel megkteogr (S

i niversitede -alékan akademi k ve idar.i per s

kriterlerini karkéel ageamanwerkaiteemegtag! |l ¢ ol

Dahil edilme kriterlerk unl ar d é :

T 40060 yak aralejenda ol mak,

T Fi zi ksel ol arak bajémséz ol mak,

1 Kardiyak, ortopedik veya kaskelet sistemi disfonksiyonu bulunmamak,

T ¢al ékma bakl amadan °nceki dgnebl iayfizikse
aktiviteye katel mamék ol mak.

Har i - tut uilsnea kkurniltaerrd ée:r i

T Son 6 ay i-inde kroni k ayak #Hskelee] i i nstab
yaral anmasé ge-irmik ol mak,

1 Hormon replasman tedavisi almak,
T Kontrol s¢zhdpgabansvgpa tanéséna sahip ol
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Tém bu kokull aré sajlayan ve araktérma s¢rec
46, 6 1dantodaBB 2 g°ng¢l lod ukimuey dig n

2.2. Veri Toplama

221Ar akt érma model i
Arakt ér ma deneywsenl gmadelk tdégernlegrsiel model di r .
bil i msel dej eri en y¢ksek araxkteérmal ar, ger -
Ger-ek deneme modell erinin ortak ©°zellikleri
atanmaspedéan. d8l ayé da her deneme modelinde ¢
bul unur. Kendi i - e r-$os fest Homtrol3Gouplu Mogal: 8l @adelde ¥ n t
yanséz atama ile oluxkturul muk 1 ki grup bul u
o arak kull aneéel ér . Her i ki gruptan da hem det
model de en °neml i nokt a, deney °ncesi O] - ¢
durumunda °nlemler alénmasé gereklilijidir (

2. 2. 2 . KoViypoowti syonu ¥1 - ¢ mg
Kat el éemcélarén t¢gm vecut bil exkimler:i bi yoel
belirlenecektir. BKA cihazé; 8 elektrotlu, 5
5 ayré akém dalgaétseajleebewl akokE, b8hpeve-snol
kas k¢t esi ve yajseéez k¢tle dejerlerini ° 1 -
prensipleri dikkate aléenarak ger-eklexktirilm

223Denge Perfor mam¢eg | ar énéen ¥I| -
Denge, etk | ex ml b r ej] t m arace sajl
dejerlend r Im «kt r. Kullanélan ek pman ver
dosyal aré, excel dosyal aré veegmgidaklaéech ol
b r teknoloj ye dayanmaktadér. Yukareéda a-éek
yané séra ayak b | ej hareket a-ékl éjeyl a

(L v u ve d j. 2018).
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224Pr osedg¢r

Veriler, SPSS v.18.0 st at i

st

k

30

Kat él émcél ar randomi ze ol arak 2 grubu ayreéelm

grubu ol arak i simlendirilmickt.: Kuvvet egz

ortalama 1 saat bireysel |l i &r dilzZleesri Wy kiklaa ren

testlerden el de edi|l veriler neticesinde &€

hafta sonunda son testler uygulanméxktér.
2.2.5. Kstatistiksel Anali z

program&8D)Y SRE88I amel ar ak

edi |l mi ktir. A<00mom [ aérlaekk bdeg zierylienmi kt i r . Her ha
°nce, t ¢No rvearl il i &kr ,a --Witkéestid d e, Skamit m o | edi | mi Kk
istatistikler,ortalama (meanjestandart sapa (SD)o| ar ak sunul muktur . Dej
farkl el ejéen belirl enmnieessitnideanbaajiéms ézu | °l rannegkl | rmet
3.BULGULAR
Tablo 1. Dejikkenlerin tanémlayécée verileri
Dej i kken Grup N Ortalama Ss

°n test Diren 15 31,86 21,14

Statik denge Kontrol 17 40,76 17,58

son test Diren 15 46,46 15,04

PI’OpriOSEptif Kontrol 17 34,52 16,80

(o]

denge® n t e i, e 15 30,26 19,19

Proprioseptif Kontrol 17 37,70 19,07

dengeson test Di ren 15 53,33 20,57
Tablo 2. Dejikkenler araséndaki farkl éeleje g
Dejikkenl e F Sd t p

Statlk dengefark 0,020 30 0,417 0,68

testi

Proprioseptif denge 0,164 30 -3,543 0,001

fark testi



4 SONU¢LAR VE DEJERLENDKRME

¥nceki S &Kluewmal airl e denge ar aggabdedibn en-i | i
egzersizlerinn(REl enge yetenejinde anlamleée gelikmel er
29,31). Bu sistematik derleme,andomi ze kont r otldme l-iand ek nogag -alr¢ |
sunartdte bu bul gul ar & destddkleenme ketgezdeirrs.i zD cdlnayyed 4 &
18) bireylerin y¢ksek haci mli eptimad birstarch y a p m:
olabilir.

Bu durumyaxrkékl iylehexkhapy ek °cémrem -tiankkegmafkitzaidk s e
d¢e¢kmel erveb&@né msnez | éaj-66 sEnrdaagnr nyeak | € bireyl er
(5,6). Metaanalize dahil edilen testlér fonksiyonel uzanma testi (functional reach tds#

bacak ¢zeri nde-legistanceyaz & neasrt Hyé&;, (kga | hkg-Bpandgo(tdst) me d

0d¢kme ri skini dejerl endirmede kullanél an ©°n
¢al ekxmal ar araséenda katel e célarén dergex | angé
testlerindeki geEermmehedan t ug enr | @&r,adiir-e rmd e
egzersizlerinin denge ¢zerindeki ol umlu et ki
g°zl emlreemen | a b¢y ¢k de¢ zekiyrdeerk-i dquz earrd iéz lgeerlii i
anl aml é btiejgémrdéeeemmakt edi r .

Nitekim, ©°nceki araktéeekmabakedar enyadamgitahsi E
bil ekenl programtdagkma biskipair -dépt edam abiz al

Shiotsu ve ark. 33)y akl & bir eyl er d(&nkgyenelgueanmga,etegkebacakj i ni n
czerinde durmyge¢veg 2amdhled i loaltle defidet eaddrrk
sonraseée.,ageak ikt k] knddetdéeebegzer sbhiztbedtdkiir ng °krt ¢
Bunedenlepr t a ve muht emel en vy ¢ ks edke rkg ed d¢eztetrei ndd er kei
a-ésdpdagh ki ddette egzealsduwjlwers® kléegrmest ial idra.h a

a, son d°neede yhadg® k a#-ppvedrd)s aant frenmandl
yeti kkinlerin fiziksgagde rygelamneesel kujvet v e f
nmanl aréna kéyaslyardhah&] gael g° st ammakte
k , aaneldetedilen mdgoia neticesingee t i Kk ki n bireyl ere y?°
- egzersizlerinin proprioseptif denge
il mektedir.

000 P< >
T TS oK

XA T-ST QO —+X T
D" = T M
5 3D ®D® DO
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¥ZET

Diren- egzersizler.i her y a K grubuna kol ay
stratejilerinden Dbiri ol arak kabul edi | mekt
programé ile birlikte bireylerin hamBeket Kk
araktéermada yetikkinlere y°nelik uygulanan ¢
har eket taramasé skorl aréenda nas el bir dej
Araktérmaya g°n¢gll ¢ ol arak 32  Dbtigrenya (gyrakp | =
randomi ze ol arak iki gruba ayreéel mexktéer. Bir
isimlendirilmiktir. Kontrol grubu nor mal St
haftada 3 g-60 dekakamar@@®zrersgirzlnerdiimeenkat él ¢
Araktérmaoa tTestesnbodel kull anél mékteéer. Aracxt
Arakt érmada katél émceéel arén fonksiyonel har el
Testi (FHT) kulkltameél aGraukp | el iarrlaesremid a k i dej i
°rnekl embeéer kull anél méxter ve test °ncesin
Araktérma bul gul arénda i se; FHT skorl arénda
(p<0, 05)g.zeDisriezn- uegegul anan grubun FHT skorl ar
anlamlé d¢zeyde artéexk g°stermiktir. Bu nokt e
egzersizlerinin fonksiyonel hareket kapasi't

déekegnel mektedir .
Anahtar kelimeler k uvvet, fonksiyonel hareket kabiliy:é

1. GKRKK

Yaralanmariski her hangi bir fiziksel aktiviteye ve)
kaynajé ol ahkasild kel e¥tz edil 9tkd s p oyratriafl amenrafi ar ma n
riskidir. Sppemas € z ayoa/uad ahamad é&rra sl éennd at ¢gmme y ¢
yaral anmal arén yakl akék %2006si ni ve antrenm
%4 06éné olukturmaktadeéer (1). Yaralanma ri ski
hal e getiren fiziksel i K| etemlebeove wyguiyanalahmar € n €
°nl eme proditamlaar évnaar d ér . Ceki tl i fiziksel 8
dejerl endi rhmerke kaetaec edydgall ek i m5H lomiBlutaistar( 22ar as
yaygén kull anél ané nce §FenkdyereldHareket &arama @unttianal

Movement Screen, FMS) e st i di r . Son yéllarda, FMSOnin ¢
bir-ok araxkté8ma FHMPel meddéert e6 6 t-inregoimegkzuar:i n
hamle (irline lunge)e n g e | , oraux thobditesia k t 1 f d ¢ z pbga®cvadke ksatladbéirl

Kénwvetasyonel govde s 12a9.Héritest@s i a rdaesjée rp veanndli ar
yedi testin toplaménda maksi mum 21 puan el de
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Bonazza ve amktaan(a6l)i zydaep,t eEFkMS6rnéi n yar al anma r
sahip ol dFuMSu n p u avneé 014 ol an sporcul ar én an
ol aséel ekl arénéwl!l dkj urkumt bidlachiar nfiaztlia . Benzer
taraf éndan iynetadlizdeF WSy kgkuaa rbé  O1 4 dsketensistbniir ey | e
yaral anmasé yakama obbhdajejéeénr bl mdmthiar .f a
(10), asimetrik hareket paternine sahip bireylerin FMS puanl aré 1406¢n ¢z

yaraBnmariskining, - kat dbhtdaj taml aapor et mi ktir.
Dysfonksiyonel hareket paternlerini yeni den
-ékarmak ammgédghal e e prytgur aamlne4k&odrdinadydnve

nN°r omg¢ske¢l @da kkioggtr@marl ar én, FMS puanl ar éné
gesteril miktir. Bodden ve ark. (15) , doert |
protokol ¢ uygul almMS$ tdeemleaym gpwaruénndéan anl aml é
-ékteijlesvier miwe i ark Jaf asd), esnekl i k NABM n°r om,

(National Academy of Sports Medicingj i t i m protokol ¢nyg seki z
itfaiyecilerdeF MS t opl am puamgérnzdae ndrelna mité rar t é kK

Far kIl é diren- antrenmgreritpdélri reitrki FMSi npiu
-al ékmal ar dai2bOu)l.u nSnoafkayeddsdiry o(aileE’7l kuvvet antr
Strength Training, FST9 | ar ak bil inen yeni bir kuvvet ant

de antrenman profesyonellesir as énda yaygenllkeikr dkeanz afnar@lka éd ¢
har eket Jagyrnié ia-nedraermi rden fawyankagk gaxwédmnwyahe

g°r ¢l en doj al har ekhkeitr paanterrendmean nbi -tiarkilditr e(c
geleneks | kuvvet d a h B eizvledgzdrsizleriema ki ne Kk wé tekan € mé n
d¢zlemli ihaereket | er i

Liaoveark.(19),121 3 yak arasé keéezlarda FST uygul amasE€
key&MSa toplam puanénda akl amd @K ldaed éjcéerdée kdialhc

Benzer bi-imde, Yéldez ve ark. (18), gen- te
g°rhear eket yeterlijinigoddlka mif a periyadizegluvveta k j r d
antrenmanénén FMKsmpiurmanel eyzerr i ynalletk@zca bir -8

CosicLi ma ve ark. (20), 12 h aperiyalizegélenekselrkevvet e , o
ant r e tentipinaskeri antrenrmamy gul ayan grupl arén FMS pua
karkeéel akeeriméik grupta da isthuli mam&istedér ol ar a

2. Y¥NTEM

21.¢al ékma Tasarémé ve Katél émcél ar

¢cal ekmaya bakl amadan °nce eti k kurTékiomdayje :

Namék Kemal rniversitesiomKdami &l &m agekitké mal Ga
Bildirgesii | kel eri ne uygun ol arak ye¢reéetel megkteogr (S
i niversitede -alékan akademik ve idari per s
kriterlerini karkéelayan her birey g°n¢ll ¢ ol

Dahil edilme kriterlerk u nl ar d é :
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T 40060 yak aralejenda ol mak,
1 Fizikselolarakb aj é mséz ol mak,
1 Kardiyak, ortopedik veya kaskelet sistemi disfonksiyonu bulunmamak,
T ¢al ékma bakl amadan °nceki son 5 ay i-inde
aktiviteye katel mamék ol mak.
Har i - tut uilsnea kkurniltaerrd ée:r i
T Son 6 ay k -aynadke bkirloenjii i nst abiskelett esi veya

yaral anmasé ge-irmik ol mak,
1 Hormon replasman tedavisi almak,
T Kontrols¢z diyabet veya hipertansiyon tan

Tém bu kokull aré sajlayan ve arakd€ronmt sliama
46, 6 1danto@aBB 2 g°ng¢l lod ukimuey dig n

2.2. Veri Toplama

221Ar akt éerma model i
Arakt érma deneysel mo d el t¢rlerinden ger - ek
bil i msel dej eri en y¢kseoldedd &2kt érnrhal ayra,p éd eam-
Ger-ek deneme modell erinin ortak ©°zellikleri
atanmaseéedeéer . Bundan dol ayé da her deneme mo
bul unur . Kendi ri;- e¥+bontiestHomtrol3Gruplu Mogeal: 8l modelde
yanséz atama ile oluxkturul muk i ki grup bul u
ol arak kullanel er. Her i ki gruptan da hem de
model de emoktrmemldeney °ncesi °l - ¢ml er aras
durumunda °nlemler al énmasé gereklilijidir (

2.2. 2. Véicut Kompozisyonu ¥I| - ¢mg
Kateléemcélaréen t¢gm vecut bil ekimler:i bi yoel
belirlenecektir. BKA cihazé; 8 elektrotlu, 5
5 ayré akém dalgaseée ile heweaymné Ibh%lca&,i gi°w:
kas k¢t esi ve yajseéez k¢tle dejerlerini ° 1 -
prensipl er:i di kkate al énarak ger-eklexktirilm

223Fonksiyonel Hareket Tarama ¥I|-¢m Protol
GrayCo o k , Lee Burton ve Keith Fields tarafeéend
(FMS)E sistemi, sporcularda potansiyel yaralanma riskinin ve bireylerin hareket paterni
kalitesini belirl enmesinde, N°r ome¢esvatldtile r Kk on
performansén geliktirilmesinde kullanél an si
model |l erini dejerl endirmesine izin ver meye
Ssi stemi ayr éca, yar al an ma gné sonfan rgiabilimsyonunme s i
tamaml anmasénén ardéndan spora d°nmeye hazé
ol acak -ok ©°nemli bir ara- sajlayabilir (29)
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(7]
(¢

Hareket tar ama néen amacé, aka] eédakireyleenr dahi

-ekKi tli Kekillerde ejitim ve rehabilite et me

olabilir;

T Fi zi ksel aktivite seviyesini korumaya vey
belirlenmesi.

T Temel har ek
sistematik
9 Dejiken ya
model i g
T Kstati st

t kaméplaegaci nwiolrenatl | emeé k i - i
| arak kull anarak program tasa
| anma durumu veya kondisyon s
i mi ni Izl emek i -in sistematiKk
I g°zlem i-in derecelendir me

fonksiyo bir hareket temel -izgi si ol u
Fonksiyonel areket Tarama testi 7 farkl e t
engell i t@ekm-iazgnade adém al ma, omuz mobil it e
stabilitesi kKénav, rotasyon stabilitesi). FM
séferdan ¢-e kadar deji«kir, &¢- mi¢mky ok oelan e
puan 2106dir. 14 puanén alténda bulunan birey

e
i
n

2. 2. 4. Prosedy¢r

Kat el émcél ar randomize olarak 2 grubu ayreéelm

grubu olaraki si ml endi ri | mi Kt i r. Kuvvet egzersiz gr
ortalama 1 saat bireysellik il kesi di kkate
testlerden el de edilen veriler neti de®i nde &€

hafta sonunda son testler uygulanméxteer.

2.2.5. Kstatistiksel Analiz

Veriler, SPSS v.18G st ati sti k programé (SPSS Inc. , Cl
edi |l mi ktir. A<0I0om | aérlaékk bde¢) zierylienmi kKt i r . Her ha
°pec, t¢e¢mNoemal erk a--@ikéestiddre, Skamit mr o | edi | mi K
istatistikler,ortalama (meanje standart sapma (S@)| ar ak sunul muktur . Dej

farkl el ejen belirl ennestsanatizikelh hall menstta&r °r nekl e

3.BULGULAR
Tablo 1. Dejikkenlerin tanémlayeéeceée verileri
Dej i kK k e| Gruplar N Ortalama Ss.
EMS o Kontrol 22 12,47 2,78
" Ibiren- 22 12,73 2.96
Kontrol 22 12,88 3,51
FMS son test )
Diren- 22 15,33 2,96
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2. Bepsrkdakerfarkl eleje g°Psteren ver.i

Dejikkenl er F Sd t p

FMS-fark testi 2,389 30 -2,694 0,015

4 SONU¢LAR VE DEJERLENDKRME

Williams ve ark. (29)-andliapaféenddnze abeéVaat b
progr anheam ésnpeonr cul arda hem d&a varettr grerhd rkd éa@ nb
a-éséndan periyodize ol meaoyamujpmagrgd®mnsltaerrani k%1
birlikte, per i yodi ze programlar én FMS toplam puan
s érnl éBdué rk.o n u d Losiplamarvéarkc[80f ar af éndan ger -ekl ekt
periyodize geleneksel kuvvet antrenmané prc
dej i ki m¢ elr eamilka mieeb bli a maf nmé& kkt é r . geBreksekevwvet b i - i m
antrenmawml laaeaare di ] EMS- abpkmaml puadanda anl ar

bildirmemiktir (18, 199i.r é&m-nuegddragiaki, wy awlt.
skorl aréndaki arték kontrol gtrerbminkat ikre.y aBud ar
yetikkin Dbireylere y©°neli k uygulanan diren-
czerinde olumlu etkilere sebep ol abileceji d
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Mobilya sekt?®r ¢, -evrimi-i haber akékl ar énda
©zelli kle kampanya d°nemleri, indirimler ve
Bu -al ékmbdaber amamama sonu-|larénda fAmobil yao
bakl ekl aré ve °zetlerini web madencil iji y a
kavramlaréné kelime sékléejée temelinde g°r¢ng

Y°nt emde, haber saydétalariemdanomatki €kt gl anma

k¢-¢k harfe -evril mik; noktal ama, gereksi z
s°zce¢kl oer czerinde séklek anali zi uygul anmé
olarak perakende vi ampanya ekseninde Kkuruldujunu g¢°s
s°zc¢kler ve (toplam ge-ik; yer aldéjé haber
al ékxkverik (119; 37) , ev (116; 38) , k dlanpanya
(57; 30), maj aza (57; 22) ve indirim (54; 3
haberl ere yayéldej e; ARal ékveri K, fersatl ar,
metinlerinde g¢-1 ¢ bir sat e K mektedip Buwtablos y on ¢
-evrimi-i haberl erin t¢gketiciyi y°nl endiren
sreticilerinin i se haberl ektir me s¢recinde
etmektedir.

¢al é Kk ma, haber i-edéekiezigmiaenmestematpéazarilta
i -erik stratejilerine veri temell:i bir bakécxk
séraseéenda hangi s®zc¢kl erion °ne -éktejene
ol ukturduj uinmui wendaablerkaekill | endijini nicel o
Anahtar Kelimeler: web madencil i ] i, metin madenciliji

sekl eje

40


mailto:kpolat@sinop.edu.tr-0000-0003-4574-1286
mailto:kpolat@sinop.edu.tr-0000-0003-4574-1286

WEB MINING OF NEWS CONTENT IN THE FURNITURE DOMAIN: EVIDENCE
FROM NEWS SEARCH

ABSTRACT

The furniture sectois prominently represented in online news flows and shapes consumer
perceptio® especially around sales periods, discounts, and store communications. This study
aims to make the focal concepts of sectoral discourse visible by applying-miniag
approab to headlines and snippets retrieved from Yahoo News search results for the keyword
Afurnitur e ;frequansiemsg a wor d

After automatically collecting headlines and summaries, texts were lowercased, punctuation

and extraneous markers removed, angwords filtered; frequency analysis was then applied.

The distribution indicates that news language is predominantly organized around retail and
promotional themes. The most frequent terms and (total occurrences; number of articles
containing the term) ar furniture (269; 40), shopping (119; 37), home (116; 38), campaign

(101; 35), news (88; 36), best (58; 29), deals (57; 30), store (57; 22), and discount (54; 32).
AFurnituredo and Ahomed span nearly ald item:
form a strong sales/promotion discourse across the corpus. This pattern suggests that online
news adopts a campaigmiented language that guides consumers, and content producers
foreground price/product cues in newsmaking.

The study provides a dathiven perspective for marketing, public relations, and content
strategy by systematically analyzing news content and revealing which terms dominate during
campaign announcement s, which concepts cons
language is straared.

Keywords: web mining, text mining, furniture, news analysis, word frequency

1. GKRKKk

Dijital haber platformlare, teketici al gése
Kekillendiren temel mecr al asudrar | aryosr e8@n ggmec
verilerinin erikilebilirlijinin artmasé ve
il erl emel er, sosyal bilimlerde web madencil. i
yaygénl akmas énsehgstaj 2020)me katMeerb madenci | i 7] i, y @
-evrimi-i verilerden dejerl:@ i -g°re¢ler -ékar
veri k¢mel erine dayanan gel eneksel anketl er
bil dirimini i Kl er vV e b u y°ntemlerin yakal a
cCevrimi-i anketl er, -evrimdékeé y°ntemlere g
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sunabil se de, web madencil i]i bu yendbiliraek € ml ar
dojal akékéndaki veri den (Mbeodietall,2085¢ si ne anal i
We b madenci |l i]i bajl aménda da kull anél an |
bel gelerinden y¢ksek nitelirlelitibil déNesnhek &nr ma
cihazl ar é, metin verileri dohi | b¢yeék mi kt
cretmektedir. Beyek ver ve yapeéelandér él mam
Kirketleri stratexjtiik mek wgr k-alreanri nal mawyiél hEé
madencilijJine dayal é -°z¢Xdeeat., 22@ni msemeye y?°
Mobilya; ev yakamé, konfor, estetik ve dayan
perakende kamp akneyzailnadree neer dal émre.r Ekonomi nin
mobilya sekt®°r¢ genik istihdam yarateéer; bu n
ve g¢ncel haber akéké karar vericilere taze
-%z¢nelieme s e hangi kavraml ar én °ne -éktejer
beni msendijini ve zaman i -inde odakl arén nas
Bu -al ékma, dijital haber platformlartknda mo
bi -imde toplayép metin madenci I¢iajlié Kk mak nihkalbe
i-eri klerini sistemati k metin madencilijiyle
stratejilerine ver.i t emel | i i -gPmdéernsuna&r
s®zce¢kl eri, sekt®°r¢n -ekirdek kavramlar éneé
ortaya koymaktader.

2 . Y¥NTEM

Bu -al ékmada, Kngilizce haber sitelerinde "
sonucunda elde edilealj | ant él ar én bakl ek ve °zetl eri de
bok kayeéetl ar -ékar el mex, ardendan metin ©°n
noktal ama i karetl eri kal dér él me«xk, tem metion
elimneedi | mi Kk ve s°zc¢gkleme (tokenizasyon) ger -

sayées€TermF Frequency) ve terimin -pPecamem | dej é
Frequency) hesapl anarak en sék ve @&yeé nylaayrg,én

°rneklem ¢zerinde yapélan manuel kontr ol il e
anal i zi ademlareée 1 -in Altair Rapi dMi ner Stu
tabanl & mimari si, zengin meanabimaidrenick | akEKk
nedeniyle akademi k -al ékmal (Deled,201; Bigugeetal.o | ar a
2024; Ristoski et al., 2015) k e ki | 16de, web madencil i]i -
G°rsel 16de wezbl emaedne nicki laikjéknédeveril miktir.
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Process

O Process » 150% 9 f i a W E

Data to Documents Process Documents
Qexa ; docb ‘wov j;, ean
}:’/ ‘ doc me
‘v’
| Read Excel (2)
‘M L, outD
“\/ N Get Pages (2)
dexa 0 ean
‘J: :
<Rocommended Operators >v
G Nominal to Text 2t 4 Process Documents from Data 8% 4( (* Retrieve 28 35 Create Document 28 33¢ Read Document
G°rsel 1. Web MadenciliiJi K-in Kzl enen Kk Akéxke
3. SONU¢LAR VE DEJERLENDKRME
Yéer ¢t el en met i n madenci |l i ] analizi, haber
terimlerin Amobil yaod, i all ey arrniuk 0g ° sit eew dni Kk @ k
perakendepromosyon,esy ak am ve bil gilendirme ol mak ¢zer

sekl ék (TF) ve kapsam (DF) birlikte ele alé
yayeél an, belirgin bi-imdeesa¢eeaxy&kampaeydi jid
¢izelge 106de en -ok kull anélan kelimeler ve
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¢izelge 1. Kelimeler ve Kapsadéjeée Haber Sayeéesé
S°zc¢k TF (ToplanDF (Kapsadeéejé Habe

mobilya 269 40

al ékverik 119 37

ev 116 38

kampanya 101 35

haber 88 36

en iyi 58 29

fersatl ar 57 30

maj aza 57 22

indirim 54 32

kekil 2'de sunulan kelime Dbulutu, en séek ge
sajl amaktadeér. Keli me bulutunda, kull aném seé
g°steril mik, b°ylece s°yl emsedbiyloijrunH alkenag etl |
G°rsel 206de -aléxkma sonucunda el de edilen ke
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G°rsel 2. Kelime Bulutu G°steri mi
Sonu-1 ar haberl erin, "mobilya" vV e "ev" k av
"kampanya", "I ha&iri m'"ervenl €rfiéemismt i se bel irc¢
ol ukturdujunu g°stermektedir. "Haber"™ ve "en
duyuru ve karkeélaktérmaleée Dbil gi sunma ikl ev
kapsama omdech& ggpenwvakegul arén zayeéef kaldéejéneé
pazarl ama stratejilerinde promosyon dilinin
dengel enmesi gerektijini g°stermektedir.
GENEL DEJERLENDKRME VE SONUCLAR
Bu -al exmada, Al tair Rapi dMi ner Studio k ul
metinleri sistematik olarak analiz edil mik v
Anali z sonu-1ar é&,kKk"hab"eka mpialniyrai"n ™adInak wa rm"
etrafenda yojunl aktéjéneée ortaya koymuktur. "
haber metinlerine yayeéeldéejé tespit edi | mi kKt
odakl & s°éynl eontidnu jbuansuk g° st er mekt edi r .
¢tal ékmada °nerilen y°ntem, medya izI| eme, -
kararl arénda kull anél abil ecek tekrarlanabil:i
-er-evesi sunmakt ametinMmbdéygailsiekit °onygdkama
ol mase nedeni yl e, b u -al ékma al andaki bokl
sunmaktadeéer . Gel ecek araktérmal arda, duyagu
madenci | i7Ji teknuklidrei ngemkté@mted grdisryaomi k|l er e
i-g°re¢ler el de edilebilir. Bu alanda yapel a
d°n¢kem s¢gre-lerine katké sajlamasé bekl enme
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Téeketiciler gengmegzde ¢¢renl eri hem -evrim i-

bus¢re-te baze ¢reée¢nlerden memnun kal mamakta v

kararl arénda °neml.i bir paya sahip ¢reéen grup

Bu -al éekmada, t¢keticilerin mobilya iade ned

Veritoplana k amacéyl a 18 yak ve ¢zeri teéegketiciler

bir soru formu uygulanméxkxtér. Bu soru for mu

et memi Kk kateéel émcélarén yanétlaréadanalai a2nod e k

Rapi dMi ner yazeéel emeé kull anél ar ak ol uktur ul

sajl anméexkteéer .

Bul gul ar, model in %78, 18 dojrulukla 1 ade n

Dejikken °nem sérasé incd@dl ®di Pinredne degrerbegllie

durumu ol duj u; bunu séraséyla cinsiyet, saté

dur umu, i kamet yer i, srén kull aném dur umu,

saptanméext ér .

Sonu- ol arakya -iaddxk mdavmwodbnékéeneée etkileyen b

i Kl etmel ere ve bu alanda -al ékma yg¢régten ar a

Al an yazénéndaki sénérl e -alékma sayéseée di kk

y alpegcak il ave araxkxteéermal arén bul gul arén genel

Anahtar Kelimeler: Mo bi | y a, Kade nedenl eri, Karar ajac

EVALUATION OF CONSUMERS' REASONS FOR FURNITURE RETURNS USING
THE DECISION TREE MODE L

ABSTRACT

Consumers today source products from both online and physical stores, and some may become
dissatisfied with a product and return it. Furniture is one of the product groups that accounts for
a significant share of return decisions.

This study evaluates consumer reasons for furniture returns using a decision tree model. A
structured questionnaire consisting of 10 questions was administered to consumers aged 18 and
over to collect data. This questionnaire was applied to 115 people. Resfronsearticipants

a7


mailto:kpolat@sinop.edu.tr-0000-0003-4574-1286
mailto:kpolat@sinop.edu.tr-0000-0003-4574-1286

who had never returned a furniture product were excluded from the analysis. The decision tree
classification model was created using RapidMiner software and efficient processing of the data
was ensured.

The findings show that the modedn predict the reasons for returns with 78.18% accuracy.
When the order of variable importance was examined, it was determined that the most
determining factor was home ownership status with a significance value of 0.291, followed by
gender, purchasing ahnel, product category, furniture purchase status, place of residence,
product usage status, age and the number of children in the household.

As a result, the study reveals the main factors affecting furniture return behavior and provides
applicable ingghts to businesses and researchers working in this field. Considering the limited

number of studies in the literature, it was evaluated that additional research with different
samples and methods would strengthen the generalizability of the findings.

Keywords: Furniture, Reasons for returns, Decision tree, Consumer behavior

1.GKRKKk

Géengmegzde teogketiciler hem fizi ksel maj azal al
bi-imde alékverik yapmakt a; bu s¢re-te bazeé
Kadel erin gerek-el eri erén kategorisine ge°
a-eékl amal/ ¢r ¢n idolnimomklsujyon),refdk -¢, ve mont a
nedenler ©°ne -ékmbktadétrte Soadg édl gquzbtana y©°
Ayanl ék beden/°1l -¢o0, Akalite kusuru/ arézao,
gi bi kategorilerin bir-ok sekt°rde belirl eyl
farkl el ekl aréna bajlé ol agélst®5dntekn edd6 064 1K a
°czelli kle b¢gyek haci mli ve mont aj gerektire
uyumsuzluju ile takéma kaynakl e hasarén i ad
Dahasé, i ade f or mludraenndsaa bk ul | faineedce | ae de sluer
memnuni yetsizIli k nedenlerini her zaman tam vy
vV e konu model | eme tabanl é yakl akéeml ar én k ©
raporl anmaktadeéer [ 3].

Kadeamaweneé politika tasaréme da ge¢-1 ¢ bi -0 m
(°rn. ¢cretsiz kargo, uzun s¢re) politikalar
bajl amlarda toplam maliyet: bl¢iyre;t ¢ de M gayiat -
kuramayan firmalar kOrl él ék ve s¢grdereéel ebili
dejerl endirmel eri ve -evrim i -i yorumlar t ¢l
et kil er; °©zel | i kletasi ve beklentigee ri-ledkil liik hai-légie as¢ikm
oranl aré artabil mektedir [5]. Bu nedenle, ¢r
g°rsellerireakmal 2&imékl arénén arteréel masé motk
azaltmak - i n kritik birer kaldéra-ter.

Yapél an bu -al ékmada t¢eketicilerin mobil ya
dejerlendirilmiktir. Kar ar aja-1ar é; dej i KKk
czerinden fhangi k oseruslink mngaml lau ri ayl@ z relkd jeani y 2k
creten, dengesiz sénéflarla bak etmede mal:
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ajérl ekl ar é, SMOTE) il e kolayca birlexktirile

tahmininde yorumlanabili maki ne °jJrenmesi =-izgisini g¢-1 e
mal zeme, fiyat araléjé), siparik/teslimat sg¢
me¢ Kt er i ge-mi Ki ni ve hatta kull anélanénvg or uml
politika senaryolaréna duyarl e a-éklanabil ir
kararl aréena daha iyl girdi verdiJini gl sterm

2. UYGULAMALAR

Bu arakteér mada, t ¢keti cinleadreinl ema niil yoa t¢éaryéan lkeo
veri madenciliji tekniklerinden karar ajace
18 yak ve ¢zerindeki kat el émceél ara y°neltile

115 ki ki den vyalniézt kad pesnameékntdea,. nmonbi | ya ¢r ¢ng¢

katéel emcélareéen yanétlarée dejerlendirmeye dOoh
akajeda sunul muktur.

l.YakE
18135
36-55
56 ve ¢sto¢

2. Cinsiyetiniz

Kadeén

Erkek

3.Kkamet yeriniz

K

Kl - e

KasabaK ° vy

4Ev sahipliji durumunuz
Ev sahibi

Kiracé

5Hanedeki -ocuk sayéseée
Var

Yok

6.Son 3 yeél [
Evet

Hayeéer
7Mobilya sat
Online pazar yeri

Mar kanén r esmi onl i ne majazas
Fizi ksel majaza

¥zel °l - ¢/ i mar

8.1 r¢n kategori si

Kanepe/koltuk

Yatak/baza

D
>
(o]l
N

1
(o]l
>
o]
o
D
>
(o]l
N
3
(]

N

nde mobilya sat

n al ma kanal énéz

(]l

(o]l
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Dol ap/ ki fonyer

Masa

Sandalye/ofis koltu]
TV ¢é¢nitesi

Ranzal/ -ocuk mobilyas
Mut fak/ banyo mobilya
Bah-e mobil yaseé
Dijer

9.1 ré¢n kull aném dur umu

Kutusu a-é¢él made

Kuruldu ama kulla € | ma d é

Késa s¢re kull aneéel de

D¢zenl i kull anél de

10.Mobilya iade nedeni

' r¢n hasarl e gel di (kargo/takéma)
i retim hataseé

¥l -¢ uyumsuzl uju

Renk/doku (ekraig er - ek f ar k &)

Ergonomi yetersiz

Eksi k/ yanl ek par - a

Kurulum sorunu

Teslimat gecikmesi

c

”n o

Yanl ek ¢r¢n genderi | di

Fiyat/ performans beklentim dejikti

Dijer

Veriler toplandéktan sonra analizler, RapidM
yeéer et el megkt¢gr . Rapi dMiner, -ok sayeéda ver.i m
bir platformdur. Bu platfor m, bel irli ge°revl
Keklinde birbirine bajlanmaséyla olukturul an
model ine ilikkin kullanélan ik akekeée G°rsel
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Depoladigimiz verilere

inp  erismemizi saglar.

Verilerimizin analizinde
kullanilan modeldir.

Retrieve ofis mobil...

&

out

Decision Tree
tra mod

exa

wei

Kulladigimiz modelin
uygulanabilmesini saglar.

! Birden fazla faktor Verilerimizi egitim ve test __Apply Model
ige}risinc}lve‘n t‘ahmir] e"tmek verisi olarak bélmemizi @ mou 'abb
ISted‘Iglml.Z fakt?run saglar. Q i moub
secilmesini saglar. [ | Kullandigimiz modelin
I | : performansinin test
SitHoTe split Data edilmesini saglar.
j 3 o
| Bl ::anc:—,rb
%w%mb

G°rsel 1. Karar Ajacé Modelinde Uygulanan Proses
G°rselden de izlenebileceji czer e, akéexktaki
konusu i klevlier G°rsel 106de operat®°rlerin ¢z
%80ej i tim ve %20 test ol acak kKkekil de ayreéel mex
3. SONUC¢CLAR VE DEJERLENDKRME
Bu -aléeékmada karar ajacé model i kull anél ar ak
ajceée model i ile tahmin edil meye -al ékeéel mékt é
Elde edilenverilerimnal i zi nde t¢keticilerin mobilya ¢r¢
t ahmin etmi Ktir Ol ukturul an kar ar aj ace m
veril mi ktir
¢izelge 1. Fakto°rler ve Ajérl ékl are

Faktorl er Aj érl ékl ar e

Sat €& nk aanl anhaé 0.144

irréen kullaném dur umu 0.056

Y aKk 0.055

Cinsiyet 0.147

Kkamet yeri 0.063

Ev sahipliji dur umu 0.291

Hanedeki -ocuk sayéseé 0.052

Son 3 yeéeldaki mobi | ya a0.080

i1 ré¢n kategorisi 0.113
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Yukar édaki -izelge inceld,endl T mem @&aj ersiyy,lke

durumu ol duju; bunu séraseéyla cinsiyet, sateée
dur umu, i kamet yeri, crén kull aniéeml @dirjuimut e s
edi | mi ktir.

¢tal eékma sonucu el de edilen karar ajacénén me
'ré¢n kull aném durumu = Dg¢gzenl i kull anél deé

| YakK3dbn e zErgoinBomi yetersizIliji {Ergonomi Yye
Kurulums or unu =0, 'r¢n hasarl e (kargo/takéma) =1,
geci kmesi =0, Eksi k/yangekx-p&rfar@Qg)REnkidoke
Fiyat/ performans=0, Dijer=1}

| Yakkbnez = 36

| | Sateéen al ma kanalée = Fiziksel maj aza
| | |[Kkamet yeriniz = Kasaba/KOy: i retim hatas
hat asé=2, Kurulum sorunu=0, 're¢n hasarl e (ka
geci kmesi =0, Eksi k/ yangex-pa&r far@g)ROnkiNdoke
Fiyat per f or mans=0, Dijer =0}

| | | Kkamet yeriniz = KI-e

| | | | Ev sahipliji durumunuz = EvV
yetersizIliji=2, i retim hataseé=0, Kurulum sor
uyumsuzlu]u:0km§ei;I:'0r,naEkgék/yanleg<erpaerk a=0,
farke) =0, Yanl ek ¢r ¢n=0, Fiyat/ performans=0,
| | | | Ev sahipliji durumunuz = Kir
hat asé=2, Kurulum sork@ma D50, r¥h- basywumeu ilkla
geci kmesi =0, Eksi k/ yangex-par far@g)ROnkNdoke
Fiyat/ performans=0, Dijer =0}

| | Sateéen al ma kanal e = nline pazar: Fi
hat asé&ad0,m Kurr unu=0, i r¢n hasarl e (kargo/t ak:é
geci kmesi =0, Eksi k/ yangex-par far@geg)ROnkNdaoke
Fiyat/ performans=2, Dijer =0}

'r¢n kullanéem durumu = Kuruldu ama kull aneéel m
| Sat éen =alHfnaz ikkasneall maj az a

| | Ev sahiplifJi durumunuz = Ev sahibi

| | | i ré¢n kategoriosi = Kanepe/ kol tuk
| | | | Son 3 yeél i -erisinde mobilya
yetersizIliji=0, i retim hatlaés é(=k7a r gKou/rtua kuémmas)o= |
uyumsuzluju=0, Teslimat geci kmesi-gd®r, - €k si k/ vy
farkeée) =0, Yanl ék ¢r¢n=0, Fiyat/ performans=0,
| | | | Son 3 yeél i -erisinde mobilya
| | | | | Hanedekiocuk = Var

| | | | | | Kkamet yeriniz = KI:
Kurulum sorunu=0, yr¢n hasarl e (kargo/taKéma
geci kmesi =0, Eksi k/ yangex-parxr@® arX@&nRenk{dgh=
Fiyat/ performans=0, Dijer =0}

| | | | | | Kkamet yeriniz = KI-
hat asé=0, Kurulum sorunu=0, iy r¢n hasarl e (ka
gecikmesi=0, Eksikig n| é k par - a=2;geRenmnkk/ doakk é()eskOr,anvranl é
Fiyat/ performans=0, Dijer =0}

| | | | | Hanedek.i -ocuk = Yok: bor
Kurulum sorunu=1, l'rén hasar =6 Tdslkmatr go/ t ak &€ ma



geci kmesi =0, Eksi k/ yangex-pa&r far@g)ROnkNdoke
Fiyat/ performans=0, Dijer =0}

| | | ''re¢n kategori si = Yatak/ baza: Ku
hat asé=0, Kurul umé sokamgae/3t,ak dgmga) h&as a¥ll- ¢ uy
geci kmesi =0, Eksi k/ yangex-par far@g)ROnkNdoke
Fiyat/ performans=0, Dijer =0}

| | Ev sahiplifji durumunuz = Kirace

| | | Cinsiyetigomomi Eyee&rs¥trli] uydms
Kurulum sorunu=1, 'r¢n hasarl e (kargo/takeéma
geci kmesi =0, Eksi k/yangekx-p&rfar@QRg)REnkidoke
Fiyat/ performans=0, Dijer =0}

| | |Cinsiyetiniz = Kadén: i retim hatasé {Ergo
Kurulum sorunu=0, i r¢n hasarl e (kargo/takeéma
geci kmesi =0, Eksi k/ yangex-par farkg)ROnkNdoke
Fiyat/performas =0, Di Jj er =0}

| Sateéen al ma kanalée = Markanén r es mi onl in
| | Ev sahiplifji durumunuz = Ev sahibi
hat asé=0, Kurulum sorunu=0, 're¢n hasarl e (ka
gecikmesi® , Eksi k/ yanl eék pagre-ra=e0k, fRaernkké/)d=00k, u Y(aenklrée
Fiyat/ performans=0, Dijer =0}

| | Ev sahiplifji durumunuz = Kiracé: Eks
hat asé=0, Kurulum sorunu=0,- ¢ rugynu nsauszd rulj éu =(0k a
geci kmesi =0, Eksi k/yangex-pa&rfarkg)ROnkidoke
Fiyat/ performans=0, Dijer =0}

| Sateéen al ma kanalée geOnlekné apkzar { ERgml/oad
yetersizI|lijJi=0,uljunetsi om uhnaut=a0s,é =0r,¢ nKuhrasar |l & (|
uyumsuzluju=0, Teslimat geci kmesi-g®r, - €k si k/ vy
farké) =3, Yanl ék ¢r¢n=0, Fiyat/ performans=0,
| Sateéen al ma kanale = ¥zel °I|-¢/ 1 mar

| | Kkamet yeriniz = KI

| | | Cinsiyetiniz = Erkek: i retim hat
Kurulum sorunu=0, 'r¢n hasarl e (kargo/takeéma
geci kmesi =0, Eksi k/ yangex-pa&r far@g)ROnkNdoke
Fiyat / perf ormans=0, Dijer =0}

| | | Cinsiyetiniz = Kadeén ¥l - ¢ uyums
Kurulum sorunu=0, 'r¢n hasarl e (kargo/takeéma
geci kmesi =0, Eksi k/ yanfgextpikena=0, RaenkEédoku
Fiyat/ performans=0, Dijer =0}

| | Kkamet yeriniz = Kl-e: ¥|-¢ uyumsuzl
Kurulum sorunu=0, i r¢n hasarl é (kargo/takeéma
geci kmesi =0, EOk Renkldoky (eknag e x - p&r f ar ké) =0, Yanl e
Fiyat/ performans=0, Dijer =0}

i ré¢n kullaném durumu = Kutusu a-é&l madeé

| Cinsiyetiniz = Erkek

| | i ré¢n kategorisi = Dolap/kifonyer: |r
i reti m  hakKuarsuél=uOm sor unu=0, i ré¢en hasarl e (kar ¢
Tesl i mat geci kmesi =0, Eksi-Gédryaamhk ekaplae )ra&x&0, VY
er¢n=0, Fiyat/ performans=0, Dijer =0}

| | i réen kategoriosi = rMaisza:i JHi=yOa t /| preertfiom
Kurulum sorunu=0, i r¢n hasarl é (kargo/takeéma

53



geci kmesi =0, Eksi k/ yangex-pa&r far@g)ROnkNdoke
Fiyat/ perfor mans=3, Dijer =0}

| | breé¢n kategolriimat =g e/ait karkd ia z{aEr g o n o mi
hat asé=0, Kurulum sorunu=0, i r¢n hasarl e (ka
geci kmesi =3, Eksi k/ yangex-par far@g)ROnkNdoke
Fiyat/ performans=0, Dijer =0}

| Cinsiyetiniz = Kadén: 're¢n hasarl e (kargol/t
hat asé=0, Kurulum sorunu=0, i r¢n hasarl e (ka
geci kmesi =0, Eksi k/ yangex-pa&r far@g)ROnkNdoke
Fiyat/ performans=0, Dijer=1}

'ré¢n kull aném durumu = Késa s¢re kullaneél de

| Son 3 yel i -erisinde mobilya aldénez meé
yetersizIliji=7, i retim hataseée=0, Kurulum sor
uyumsuzluyjTesl i mat geci kmesi =0, Egesi kékanl éx
farké) =0, Yanl ék ¢r¢n=0, Fiyat/ performans=0,
| Son 3 yel i -erisinde mobilya aldénez me
| | Ev sahiplifji durumunuz i=] iEwv0 ,s alhri étii:m
hat asé=3, Kurulum sorunu=0, 're¢n hasarl e (ka
geci kmesi =0, Eksi k/ yangex-pa&r far@g)ROnkiNdoke
Fiyat/ performans=0, Dijer =0}

| | Ev sahi pHEriganodmir uymeutneurzs i=z IKiijria c{€Er gon
' retim hataseée=0, Kurulum sorunu=0, l'r¢n hasa
Tesl i mat geci kmesi =1, Eksi-Géryaamk ekamplée a0,y
erée¢n=0, Fiyat/ performans=0, Dijer =0}
Yukaréeda verilen karar ajacé algoritmaseéneén
1I-Mobilya ¢reéegnegneg kull ané®5dot amu kdgzeémlrii nv
nedeninin ergonomi yetersizIlijJi olduju tespi
2-1r¢n  kulupaun édry, zdeunrb 5, mwmalkiel & satéen al ma kan
i kamet yeri kasabal/ k®°y ol an ki kilerin mo b i
belirlenmicktir.

3Mobilya ¢regnegneég kull amédm duart emu ad gnaeaklain,al e
i kamet yer.i il - e, ve ev sahiplifji durumu ev

~

yetersizIli]i ol dujunu s°ylemiklerdir.

4-1r¢n kull aném dudsbmw ed gmoen lliy,a ysak &n3 @l ma Kk

ki kilerin ¢re¢n/ipedd omandhenrsi oil duffiuyadel irl enmi k
5 Mobilya ¢reéegng kull aném dur umu Kurul du ama
maj aza, ev sahiplifji durumu ev sahibi, erén
mobilya al an ki kiilnarni ngr¢éert¢g mm ihaad ea snée dod ndlugru t ¢
6- Mobilya ¢rée¢ng kull aném dur umu Kurul du ama
maj aza, ev sahiplifjgi durumu ev sahibi, Srén
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mobilya al mayangc wlkkalda&n évd ankamet yer.i i C

iade nedeninin ¢retim hataseé, i kamet yer. i
ol duju belirlenmickktir.

7-1ré¢n kullanem durumu kurul du ama kzaled anél m
sahiplifji durumu ev sahibi ve ¢ré¢n kategori
kurulum sorunu ol duju belirlenmicktir.

8 Mobilya ¢reé¢gn¢g kullaném durumu KkKkurul du ama
resmi onl i nes ahai alziajsie der emu ev sahi bi ol anl
orén, ev sahibi durumu kiracé ol anl arén i se
edi |l mi ktir.

91 r¢n kull aném durumu kurul du ama kulrléann €1 ma
créeén i1 ade nedentgreirn erke mka/rdkeeku o(ledkurjaun bel i r | er
10 r¢n kull aném durumu kutusu a-€el mayan, ci n:
olan kikilerin ¢re¢gn iade nedeninin kargo/tacxk
12-1r¢n kull aném durumu késa s¢re kullanél an
ki kilerin iade nedeninin ergonomi yetersizl:
12-1 r¢n kull aném durumu kutusu a-é€&l mayan, <cins
kikmlegmrdn iade nedeninin teslimat geci kmesi

13! r¢n kull aném durumu kutusu a-€l mayan ve
nedeninin kargo/takéma hasaré olujunu s°yl em

4. GENEL DEJERLENDKRME VE SONU¢LAR

Bu- al ekmada, t¢keticilerin mobilya ¢ré¢ngég 1 ade
Geliktirilen model, iade nedenl erini %78, 18
en belirleyici deji kkenin ev samipéjeri o0d2
ol arak hesaplanméextér. El de edilen bul gul ar
iyil ektirme vV e kar ar dest ek a-éseéndan yar a
Literate¢rde, farkl & y?©°ntdeaw rearn ékkul lalraennaér aikr dteg |
sénéerl & sayedadeéer; bu nedenl e alan yazénén,
zenginlexktirilmesi ©°neril mektedir.
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¥ZET

¢ocukl arda b¢gy¢me ve gelikmenin d¢égzenli ol ar
ortopedi ve radyol oji gi bi bir-ok tép dal énd
parametrel erinden biri ol an kemi k yakée, -0
g°stergesidir ve b¢gyegme geriliji, erken ya
bozukl ukl arée gi bi endokrin hastal éks$umar.én t a
Ancak klinik wuygulamal arda kemi k yakeé deje
yapél makta, bu da hem zaman hem de g¢venilir
¥zelli kle yaygé#®Rykel aahalksean y&tme elmidytotd egey i ml

g°r ¢ntlif0Ddedaxi ka arasénda s¢re al maktiRawe g°z
arasénda dejiken y¢ksek varyasyon g°ster melk

ot omat i k, géeveniolir v e h éemleriee dkyelani gerekgmank € d e
arteéermaktadeér. Bu - al €k mad a-BO/BRE2s DeaseNefl21l, Re s N
ViT-S/16 ve DeitfS ma | | ol mak ¢zere derin °Jrenme taba
tahmini ndeki perfor mansnltarl é&rk arYkOd|Oaskltlé ri d [emeok
tespiti, CLAHE (Contrast Limited Adaptive Hi
Zskoru normalizasyonu adémlaréndan ge-iril mi
ver. k¢mesi nden. 41223 50®0] reyjliamam gvler ¢Int ¢s¢ kul |
EfficientNetB1 model i 7. 49 ay ortalama mutl ak hat a
perfor mansé gestermi ktir. EfficientNet ail e
scaling), klasik CNl mi mar i |l erine kéyasla parametre ver.i
st eéenl ¢k sajl amekter-S/ 1D npadeglricci seée aBamdloe ay
rekabet - i bir sonu- elde etmixktir. El de edi |
tabmi ni nde uzman radyologlara yakeén d¢zeyde do
sistemlerinde etkin bi-imde kullanél abil ece]j
Anahtar Kelimeler: Kemi k yaké tahmini, Derin °Jrenme,
Medi kal, @ahrmadimntzi, Pediatri k radyol oj i

1. GKRKK

Kemi k y ake dejerl endirmesi, -ocukl arda i s
sajlayan ve pediatrik endokrinolojide yaygeén
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b¢yéeme bozukl ukl arleer hogenmetl Kk deeagesomll ak ve

tekhisinde kritik °nem takémaktader. KIlinik
Pyl e atl aseé, 195061 erden beri alten standar
dejer |l endnir, ma eyn%ryti enl i bir r alDylakikaggerekiirmektem g° r ¢
vV e gzl emcil er arde adejaradedndda meddqg i en

gestermektedir [ 2] . Bu s¢bjektifli k ve zama
sistemlerine@n i htiyacé arteéermaktadeér.

Yapay zek© ve czell i kl e derin °J renme t el
gesterdiji bakarel ar , kemi k yaké dejerlendi
Evri ki mli Sinir Aj |l ar é ( CNrNgr kmikmao 2z d lelrii k | ec
yetenekl eri sayesinde bu alanda °nc¢ 1ol oy

North America (RSNA) taraféendan d¢zenl enen
arakteéermal aré hezl andéejnmeerkl evred isrt men dpalr adti fzcer neud

Literat¢rde ResNet [ 4], |l nception [5] ve V
sonu-|lar el de edil mik olsa da son yéllarda ¢
Transformer) hemnpz pkemilemyakéi hakmpsaml é& ol
EfficientNet mi mari si, Tan ve Le [ 7] taraf éi
| mageNet 6te son teknoloji sonu-1lar el de et mi
i se geefthagdeemada CNNO6Il ere alternatif sunmu
Bu -al ékmada, RSNA Pediatric Bone Age veri
tahmin sistemi geliktirilmiktir. Orijinal \
gereé¢ntegsegnden ol emembkbadekenBSest emunl| arder :
tespit al goritmasé kull aneéel arak el radyogr a
YOLOv11l ile crop iklemi sonucunda ejitim set
(%99. 86)e gBagat gldé tespi't ger-eklextiril mik
gereé¢nt e ver setinden -ékarél méxktér . Ar déend:

Limted Adaptive Histogram Equalizatidn) kon
5121512 piksele yeniscomebonyutmadndc@asmanue ( Z-=

i-eren kapsamleée bir °n i kleme hatteée wuygul an
(N15A), kaydérma, zoom, parl akl ékdrkeinttg askl e
gi bi y°nteml er kull anél mékteéer . Son ol ar ak,

czerinde ResNet 50, -BR/BKBReDerdséNEt]12]1, WiBMA6 wiDeiht Ne't

Smal | ol mak ¢zere sekiz far kIl éktdéerrmanl &° jpreernfnoe
analizi yapél méxkter.

2. KLGKLK ¢ALI kMALAR

Kemi k yaké tahmin problemi, son yeéllarda de
yojun il gisini -ekmi ktir. ¢al eékmanén bu Dbo°ol ¢
-alekwmelanmi gt ir.

2. 1. Do°n¢ktegregceg Tabanl e Yakl akeml ar

Mao ve dijerleri [ 9], kemi k yaké anali zi [
kull anarak 1 ki akamal é& bir yaklakem °ner mi Kt
akamada i sb°Vygekbbrkemnkl iz edilmiktir. Model
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sonu-|lardan birini elde etmiktir. ¢al é&kma, d
yakal ama yetenejinin kemik yaké tahmininde e
Wuve dijerl erWhi[tleOhjoobusE®an3ne( T W3) met odunu

bir | &SYTiNetmiemari sini ©°nermiktir. Bu hibrit yakl|
y°ntemleriyl e7.82 aytMAEd e] eerdier eelkd e eatambilgishin r . ¢ a
(domainknowledgel er i n °J renme modell erine entegrasy
2. 2. Di kkat Mekanizmasé Kull anan Yakl akéml ar
Chenve dijerdli&rkiat[ YPIn,l endi r mel i a Yattemtioh € r é c &
guideddiscriminative region localizatign y a k| akéméné Kkul |l anarak ken

b°l geleri otomati k ol arak t e&89aytMAEddegne rbii re | sdie
eder ken, di kkat harital ar énlamal Kerhiklenve &pifizo | ar a k

b°l gebdakhandéj énleve°dtpemletir.12], ardexke
-ékareme (cascaded <critical bone region ext
°nermi Ktir. Eti ketl| emiee) gebruekyakimayem, (@anoe
ol madan kritik kemik b°l gelerini otomati k o
etmi ktir.

2.3. Topluluk ve ¢oklu G°revli ¥jrenme

Zhang ve dijerleri [ 13], SMANet (Skeletal
yakl ak éme °nermi Ktir. Far k1l é CNN mi mari | e
birlektirilmesiyle 6.35 ay MAE el de edil mi
artekéeéna katke sajladéejeéené g°st er mtahnininir . Liu
birlexkxktiren -oklu g°revli °Jrenme yakl| akémé
i ki g°rev i-in de performans iyilextirmesi s

2. 4. -Belsgief i k Yakl akéeml ar

Li ve dijerleri [15], CNN etmab agrell &8 khhii Ir gir ®e&y
b°l gelerinin ajérl éklaréné adaptif ol arak ay
dej eri ile rekabet - bir performans sergil e
-er-evesi i -indecd raynasrf est P3trejnimee rvienii nkapsa
6. 15 ay MAE dej er.i el de et mi ktir. ¢tal ékma, I
t ébbi gereé¢nt e anali zi i -1in etkild@ bir bakl an
2. 5. Klinik Vdlaireasyon ¢al ékma

Hamdve di[ &87] erBuudi Arabi stanéda retrospekt
°Jrenme modell erinin farkleée etnik gruplarda
MAE ile b°lgesel veri setinde bakareéel é sonu-

Lee ve Lee [18], GreulicRyle ve TanneWWhi t ehouse metodl|l ar éné
birl exkxtiren ot omat i k sistem geliktirmiktir.
radyol oglarl a karkélakxteéerélabilir peEf or man ¢
Bowden vd. [ 19], Kuzey Ameri ka pediatrik p
sisteminin validasyonunu ger-eklexktirmik ve
yé¢ksek ol dujunu g°stermi ktir. Zhaloulv d® n c[e2s0i]
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-ocukl arda g°zlemciler arasé ve g°%zlemci i -

zek© sisteminin tutarl éléejeée °nemli ©°I|-¢de ar
2.6. Araktérma Bokl uju

Kapsaml é& | iteratg¢r anald zDeisTo ngialsié nsdoan Ed °fn e
kemi k yaké tahmininde sistemati k karkel akt e
CNN ve do°n¢kteregce tabanl é modell erin medik

karkeéel akt @ér maséneén ke kosliakr aok d-ug lué kgral¢gd rmes ke rg, r-. «
performansa odakl andéjéné ve parametre veri.
-al ek ma, bu eksi klikler g°z °ne¢gne al ar ak I
uygul amal ar isunmayathé&deénhkeemektedir.

3. MATERYAL VE Y¥NTEM

Bu -al eékmada, kemi k yaké tahmin probl emi i
kull anél ar ak kapsaml é bir derin °J renme t a
bilekenleri kKuKké&kbkdmatdaetlldnéd8Bbl pedi atrik
ol ukan RSNA veri k¢ mesi czerinde YOLOv1l nes
tespiti ger-eklexktirilmik ve %99.9 Dbakare ¢
akamada,edt espi tel b°l gel erine CLAHE kKontr e
tileGridSize=818), LANCZOS4 interpolasyonu i
Z-score normalizasyonue£122.7447,0=4 5. 300 5) i -eren sistemat.
uygul anmpéaktiérakamada, ejitim setinin geneller
kaydéerma, zoom, parl akl ék/ kontrast ayare, Ga
artérma tekni kIl eri Kull anél mékt ér . iary s&K a me

szerinde Re s Net 5BD/BI/B2,1Denseléti2i, cViBELG wveNRetFSmall
ol mak ¢zere sekiz farkle derin °jJrenme model

ejitilmik ve MAE, RMSE ve R] metriklapiél méet]l
3. 1. Ver i K¢ mesi

Bu -al ékmada, Radi ol ogi cal Soci ety of Nor t
ARSNA Pediatric Bone Age Challengeo veri K
pediatri k el radyografis2. l°lr ¢enftigtsicmdea DIl 41
ol mak ¢zere 1 Kki gruba ayrél méxter. Tem gor ¢t
setinin temel istatisti kIl eri ¢izelge 106de su
Gor¢ntelerin teknik °zellikleriNeabc20eoHaf &
hesapl anméxkter . Bu -dd¢eq ¢ekr | yea ], u mgl°u kstna ¢d led u jnu nou
karanl ék b°lge (arka pl an) i -erdijJini g°sterl
parametreler, t¢m e i tirolupy gobal ortalaente) 12274 eer i nd er

global standartsapmé)( 45. 30 ol arak bulunmuxktur.

60



¢i zelVea il .Set i Kstatistikl eri
Kategori Dej e
Toplam G°r¢gnt ¢ (Tr d12,611
Toplam G°r¢gnt ¢ (Val|l425
Toplam G°r¢gnt ¢ (T¢ n 14,036
Kegayéesée (Training)]|5778
Erkek Sayésé (Trai n6,833
Kéz Sayeésé (Vali dat|652
Erkek Sayéeseée (Valid773
Ort al ama Kleamind(ay) a Kk g 127.32
Ort al ama KTermaikniYmnagk € 10.61
Or t al ama Kuwldatién (ay)a k € 127.16
Ort al ama Kwariikd artaikagd 10.60
Mi ni mum Kemi k Yaké |1
Maksi mum Kemi k Yaké 228

(o]

(o]

Standart SapmaTraining (ay) 41.18
Standart SapmaValidation (ay) 41.72
Medy an Ke-miaiking fag) Kk é 132.00
Medy an Ke-Malidatioh @y € 132.00
3.2. ¥nerilen Y°ntem
¥nerilen kemi k yaké tahmin sistemi, G°rsel
il e el b°l gesi tespiti, CNN/ D°n¢kt ¢gr¢ model

dorthianeakenden ol ukmaktadéer .

Kiimesi

Gors¥hetilen kemik yaké tahmin sistemini
3.2.1. YOLOv11l ile EI B°l gesi Tespiti
Kemi k yaké tahmin modellerinin giriki ol ar a
YOLOv11 nesne tedm@mintel mégoeéert marOaE Ok u1l, t ek
algoritmal aré ailesinin en g¢ncel versiyonud
gi bi gelikmik bilexenlere sahiptir.
Model , el |l eéaer kavibeearneknk tedjliatri m set i sdzerin
ejitil mi ktir. Ejitim sonucunda el de edil en
kesinlik %100. 00, duyarl el ek %9 9. 93 Ve ort
Ol - ¢l megkt ¢rsemderslpéy2éle @i kkesteu padding ekl ener ¢
u-larénen tam dohi |l edi | mesi sajl anmexteéer . E
1.423 (%99.86) g°r¢gnte¢gde bakarel é tespit ger
gere¢nt 9 (v¥0.il1lGetinden -ékarél méxter.
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3.2. 2. G°or¢nte¢e ¥n Kkl eme Hatt e

Kapsaml é °n ikleme hattée bek ana adémdan ol
i -in Contrast Limited Adaptive Histogram Equ
2.0, Izgara Boyut : 818 piksel) ve kontrast ortal ama
gerént el er LANCZOS4 i nterpol asyonu il e 512
hesaplama verimlilifJi Ve ger¢ént ¢ kalitesi

ej i timinrijrenléaraartL@lomak norimalZi zasyonu uygul ai
(gl obal ortal ama) ve 0=45.3005 (gl obal stan

hesapl anméxkt er . Denklem 1 ile g°sterilmiktir
v 1 (1)

2 A

Buradas = 122.7447 (global ortalama)¥e= 45. 3005 (gl obal standart
k¢ mesi czerinden hesaplanméexkter . Sadece efji
artéer ma tekni kIl er i kull anél mékteéer. Buynl ar P2
yakeéenl aktléerimg , ( @.a9 | akl ek ayar é (No. 2), ko
bul anéklaktérma (515 -ekirdek), Gaussian gy

al maktader .
3.2.3. CNN Mimatrileri

¢tal ékmada kull anél an CNMia mipmermisli drii niGAr sg
g°steril mektedir. T¢m CNN model |l eri benzer |
(5127151271 piksel, grayscale), ©°ncelikle ©°z
kat manl arda, konvol ¢(syomliaklée mrlee rpio,o | a kntgi vogoseyr
ol arak wuygulanarak g°r¢nt¢egden hiyerarki k ©° 2z
kat manl ara dojru ilerledik-e d¢gkegk seviyeld
°czelliklere ,(kegprippalz kbenigkelleerr i gi bi anat omi k
-ékaremé sonraseéenda, gl obal havuzl ama kat ma
do°n¢kt¢egregl mekte ve tam bajlantél e kat manl ar é
tahminjul akmakt adér . Bu -al ékmada, ResNet, Effi
CNN ail esi kull anél mécx ol up, her birinin
bul unmalatl@kera.da¢ kul |l anél an CNN mimaril erini

g ° esilmektedir.

Girig
512x512x1  —
(Grayscale)

Go°r ss€ENN2mi marilerinin akék Kemasé@é.

ResNet50/101
Residual Blocks (Bottleneck)
3.4.6.3(50);3.4.23.3.(101)

EfficientNet- BO/B1/B2:
MBConv Blocks

Compound Scaling (a,B.y)

DenseNet121
Dense Blocks
Transition Layers
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ResNet: Ar t é k (residual) bajl ant él ar il e derin

kull anél méktéer [4]. Artek bloklar Denklem 2
Uu &t @ 2)
Buradax girdi, F(x, {Wi}) art €k hwgpirse al akmaéedeéer . ResNet 50 (
ResNet101 (42.5M parametre) varyantlaré test
EfficientNet: Bi | eki k °1 - ekl eme yakl akéméneé kull anan
[ 7] . Bilekik °l-ekleme form¢gl¢ Denklem 3 ile
N NeYQ |
O QWP | (3)
1 Qi € adp 0 ¢ ¢
| T [ S
EfficientNetBO ( 5. 3 M) , B1 (7.8M) ve B2 (9.2M) varye
DenseNet: YO ] un bajl anté yapeéseé kul |l anan mi mar i
gesteril difj]i sczer e:
® O GhomB o (4)
burada ¥ , x ], °ncekixte¢egm katmanl arén -ékteéel ar e
(7.6M parametrek ul | anél méxt ér .
3.2. 4. Do°ne¢ktegreéegce Mimaril eri
¢al eékxmada kull anél an don¢Kt ¢r ¢écé mi maril el
g°steril mektedir. CNN'" Il erden far k!l é ol ar ak,
oper asyonl aikkat mgkanizinsnée i°lze i Kkl emekt edi r . Kkl er
ol ukmaktader : Girik g°re¢ntese (512151211 p
bl ¢nmektedir. Her bir yama, |l ineer bir proj
pozisyon bilgisi eklenmektedir.r B y ama g° mmel er , do°ne¢kKt gr ¢cyg
ge-mektedir. Kodl ayécé bloklaré i1 -erisinde,
(multi-head seHattentiorMS A) sayesinde her yama dijer tg¢n
gl obal bajeraims®ijl r einlmexkkktield i r . Bu °zell ik, CNI
aksine, i1k kat mandan Itibaren te¢gm goreéent gy
bl okl aré -ékékéndaki ©°zellikler, gl obal havu
tam baj |l ant é kat manl ar é@éndan ge-er ek ni hai r e
ul akmaktadeér . Bu -al ekxmada, Vi -EfficiénV Image o n Tr
Transfor mer) ol mak iszere i K f abDR hegktdPrngcke
mimarilerini n genel akék Kemasé G°rsel 3'"te g°%ster
- Global Pooli
Gers@dra8sformer mimarilerinin akék Ke
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G°r ¢ DP° n \siog Transfogmer-ViT): ¥z di kkat mekani zmasé il

ilikkileri ©°Jrenen mimar . kull anél mékter [ 8]
czere:

U 3 NOBDBBNDT % % (5)

u -31 .0 U (6)

a 000 Ga o (7)

Burada@ g °r ¢nt ¢ ¥pammaé ageEmd@eO mad z7ii sy aain ,gSAkende si ni ,
kendi ne di kk glN kaimeak mormalzasymrsuédiié- ok kat manl é al g

temsileder.VitS/ 16 (22M parametre) kull anél méxkteér .

DeiT: Bi | gi damét émé il e ver.i verimlilifjini |
kull anél mékteéer [22].

Dei T, daméetéem belirteci ekl eyerkkl Danklt em 8

U @ NG N@%8NT% % (8)

DeiT-Sma |l | (22M parametre) kullanéel mexkter.

3. 3. Efjitim Konfig¢rasyonu

Té¢m model | er PyTorch 2.8.0 kullanélarak NVI
do°n¢kt ¢gregce khnoldledhe@lran iejintim parametrel eri
sunul maktadeéer .

¢i zelEgd td.m Konfig¢rasyon Parametrel el

Parametre CNN Modelleri DOn¢kt¢gr

Modelleri

Yéjén Boyut32 16

Optimize Edici Adam AdamWw

Bakl angé- Y0.001 51 10

Or ane

¥7 renme Or g ReduceLROnNnPlateau (factor=0.5, CosineAnnealing

Zamanl| ay & c 4 patience=5)

Kayép Fonk gLlLoss (MAE) L1Loss (MAE)

Maksimum Epoch 50 50

Erken Durdurma Aktif Aktif

Transfer °Jrenme yakl akeeijeiytliamltic majmordled Klear d
Gr i tonl ama adaptasyonu i-in RGB yama ¢g°mme
al enmexteér.
w O ® 9)

o

&)

3. 4. Dejerl endirme Metrikleri

64



Mo d el perfor manddijaer!l &«mudimreitIr mikk teir 1 e

1 Ortalama Mutlak Hata (Mean Absolute Error -MAE): Tahmi n edi |l en yack
ger-ek yak araseéendaki mutl ak farklarén or
model in genel hataséné °I-mek i-in yaygeéen
hesaplaa r :

P .

LOO = W «§ (20)

T Kok Ortalama Kare Hat a (-RuWS&)tHatdkaselerinBquar ed
ortalamasénén karek©°k¢ al énarak el de edi |
Denklem 11 ile hesaplaneéer

(11)
Yu YO 5 w
T Determinasyon KaModglise t{ &RhmiScogedeneg tem

yakl akt ék-a modeDenkaeamklladyéetel agsgaatbager

B o o (12)

B w &

4 . DENEYSEL SONUC¢CLAR

4. 1. Genel Performans Karkél akt ér masé

Seki z far kl é derin °J renme model i nin pe.
sunul makt adéBrl. nbofdfeilcii,en/t.Mle9t ay MAE ve 0.9417
sergil emi kKt-Blrmodelefjfiitciine ng Nred c i ve tahHmidndteen al

gesteril mixktir.

¢i zelTgen Model |l erin Kapsaml é Performans K

Model Mimari Param. | MAE RMSE R|] |Epoch| S¢r
Tipi (M) (ay) (ay) (dk)
EfficientNet- | CNN 7.8 7.49 10.06 0.9417| 46 250
Bl
EfficientNet | CNN 9.2 7.73 10.12 0.9411| 44 263
B2
DenseNet121 | CNN 7.6 8.39 10.96 0.9309| 49 402
EfficientNet | CNN 5.3 8.48 11.07 0.9296| 45 245
BO
ViT-S/16 D°n¢ kt|220 8.59 11.34 0.9260| 49 118
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ResNet50 CNN 23.5 9.81 12.44 0.9110]| 46 275
ResNet101 CNN 42.5 9.85 12.61 0.9085]| 49 402
DeiT-Small D°ng¢kt|220 10.11 | 13.05 0.9021| 50 183
s i il
Tahmin vs Gercek Defjer Residual Plot
3 |- n’mv"l’ —ﬁm_‘ : ‘u}r i
i b i» e
Ll R TR A
[ o i .11
/"? - et [ rede o
‘ Gucetl‘imwk\'w‘(‘ay] Gﬂu‘kkwknv(l))y.
G°r s &fficiedNetB1 ej i tim s¢reci ve tahmin an
42.CNNveD° n ¢ Kk tKéarr¢kceéeg akt €ér mas é
CNN ve do°n¢gktegrece mimaril eri araseéndaki kar
¢i zelChidveD° n ¢ KtMd mace gl er i Detayl & Karkél ak
Metrik EfficientNet-B1 | VIiT -S/16| Fark
MAE (ay) 7.49 8.59 +14.7% (CNN lehine)
RMSE (ay) 10.06 11.34 +12.7% (CNN lehine)
R] Skor u|0.9417 0.9260 |-1.7% (CNN lehine)
Parametreler (M) | 7.8 22.0 +182% (CNNIlehine)
Ejitim S|250 118 -52.8% (Trans. lehine
Epoch/ S¢|300 141 -53% (Trans. lehine)
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ViT-S/ 16, kendi ne di kkat mekani zmasé€ sayesini

konusunda bakareéel é ol muktur . PAmasa&k ,v €l1BP4 .d7al
kot ¢ MA E dejeri, par ametr e verimlilifji |
Do°n¢kt gregcelerin paral el hesapl ama yapése,
Smal | model i, 10.11 ay MAE il eixkaléexmBdalgi d
mekani zmasé, bu ©°zel probl emde beklenen fayd
seti boyutu (12.6K g°r¢ntg), regresyon gi bi
medi k al gerénteglerin °zmbilirkarakteristi kl erion
4. 3. Parametre Verimliliji Anali zi
Parametre bakeéena MA E metriji il e model | er
g°steril mektedir.
¢i zelPpa abmetre Verimliliji Séral amasé
S é 1 Model Param. MAE MAE/Param | Verimlilik Notu
(M) (ay)

1 EfficientNet 9.2 7.73 0.840 En verimli par

B2
2 EfficientNet 7.8 7.49 0.960 En iyi performans/verimlilik

Bl dengesi
3 DenseNetl121 | 7.6 8.39 1.104 Ky i denge
4 EfficientNet 5.3 8.48 1.600 Kabul edilebilir

BO
5 ViT-S/16 22.0 8.59 0.390 D¢kek verimlil
6 ResNet50 235 9.81 0.417 D¢kek verimlil
7 ResNet101 42.5 9.85 0.232 ok de¢e¢kegk verii
8 DeiT-Small 22.0 10.11 0.460 D¢kek verimlil
EfficientNet ail esi, parametre ver ibmllielkiijki
°] -ekl eme yakl akéménén sadece performans dej

ol dujunu g°stermektedir.

4. 4. Kl'inik ¥nemi

EfficientNetB1 6i n 7. 49 ay MAE dejeri, klinik prati
radyol ogPalemcabéer ar aslk2 dey i klkdewnjlu kd ak ar £If &
uzman performansénén alt sénéréna yakeéen bir

dejerl endir me sunmaktadeéer . G°r ¢nt ¢ bakéna

endokrinol oj i kliniklerine entegre edilebil]i
sahiptir (R]=0.9417)

5. SONU¢ VE TARTI kMA
5.1. Temel Bulgular

Bu kapsamlé -al ékmada, kemi k yaké tahmin pr
sistematik olarak deer | endi r i | miBklt,i r7.. 4BOf faiyci MMBE Ned 0. 94
performansé sergilemik ol up, bu sonu- uzman
seviyesidir. EfficientNet ail esi, bil exi k ©°1
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Densef t ) ve d°n¢ktegregceg modell erinden ¢steéen p

medi k al ge°ré¢nt¢e regresyon problemlerinde dor
S/16, EfficientNeB1' den %14. 7 daha k°t¢ MAE dejeri S
pamametre kull anmaktadeér. ResNet 101'"in ResNet
"daha derin her zaman daha 1iyi dejil dir"™ ©pr
a-éséndan EfficientNet ailesi, MAK/tppar.ametr e
5. 2. Literate¢r il e Karkel akt ér ma

Bu -alékmanén sonu-1I|ar é, 2021 sonras-gstliter

seviyede yer almaktadeéer.

¢i zel2Pde2 16 .ve Sonrasé ¢al éxkmal arl a Kar kKE

¢al ékma |[YélY°ntem MAE (ay) | Veri Seti

¥ner i | en|2025]| EfficientNet-B1 7.49 RSNA

Li vd. [15] 2022| CNN-CAD 7.60 RSNA

Wu vd. [10] 2024 | SVTNet (TW3+ViT)| 7.85 RSNA

Hamd vd. [17] 2024 | CNN (Saudi cohort) | 8.20 Local
Bu -alékmada el de edilen 7. 49moayllékk udrl taanléed m
cinsiyet bilgisi entegre edil meden bakar él mé
akamal e mi maril er, toplul uk y°nteml eri vey
yakl akéem tek model ku-l d amemaessi,, cdinlsk agtet meék d
akamal e Il Kl em hatte kul |l anmamasé gi bi kese
sergilemektedir.
5. 3. Kl'inik Uygul amal ar ve ¥neriler
¢al @ékmanén bul gul aréeBidopirul hasblbndadeBif Bubt aenk
model , 7.49 ay MAE il e en iyi performansé g¢g°
boyutuna ve y¢ksek a-éklama g¢cegne (R =0.94
EfficientNetBO (5.3M parametre, 8.48 ay MAE) mobil veya kenaracthl ar da kul | a
uygundur . Hezl e prototipltSdme erleBktdk em] idtui
°neri |l mektedir. Maksi mum performans hedef |

birlextirildif]i topl ul uk yakl akéméahilleecei i
°ng°r ¢l mektedir.

5. 4. ¢tal ékmanén Késétl amal aré ve Gelecek ¥ne

¢tal ékmanén bazée kéeseéetl amal aré bulunmaktadér :
n

- optimal ol mayabilir, c¢i nsadegeeRSNAverisegi s i m
kull anéel méxkteéer. Gel ecek -al éxkmal ar d-#odali nsi y e
input) ol arak ekl enmesi, radius, ul n@GAMve f al
g°rsellexktirmelerilirlenrkesiti ke bRemekernilmgubek
geni kl etil mik problemler ¢zerinde -al éxkél mas

6. SONUCLAR
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Bu kapsamlé -alékma, kemik yaké tahmin probl
kez sistemati k karrkHEficien®NéetBT mems empéi sunmakdaady

mutl ak hata ile kemik yakée tahmini i -in opt
yerlexktirme i-in gerekl:i perfor mans, ver i ml
modern CNN mimarilerinn ° zel I i kl e bil exki k ©°1 -ekl eme ku
tahmininde Uz man radyol ogl ar a yakeén perf ol
Done¢ktegregceg model l eri rekabet - i alternatifl e
medi kal g®ggmretsyon problemlerinde hala avant e
kemi k yakée dejerlendirme sistemlerinin kIlini
gel ecek araktermal ar i -1 n sajlam biwk temel
endokrinol oji kliniklerinde karar destek ar a
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¥ZET

Epil epsi, beyin sinir h¢crelerinin normal deé
n®°betlerle karakterize kronik bir n°rolojik
hastal arén yakam kalitesepthi miaze éetmaak vae- ¢ ed@nr
Bu -al ékmada, EEG sinyallerinden epileptik
amacéeyla, derin °jJrenme tabanlé °zellik -éka

birlektiren hibmutkt uri.r Klakk | aamadsau nEEG si ny

D°n¢kegmeg (CWTyekhaeaszgmpeséeénée go°reéegnegr kel an i

don¢kt ¢grirdmgxkdagnr .bu g°rseller, ResNet50 taba
i Kl enerekl derehdezedtdi i mi ktir. El de edil en de
ve karmakékl ek tabanl é parametrelerle (band
boyutlar vb.) birlextirilmiktir. d@GEoddiet mas é el
°n el emeden ge-irilmik, ardéndan ¥zyinel emel
RFE) y°ntemiyle en etkild@ °czelli k alt K ¢ me ¢
XGBoost, Random Forest, CatBoost, Stacking Ensemble veVBbft n g yakl aken
dejerlendirilmicktir. Model l erin -éektelaréna
yenl erini bir araya getirerek daha dengel.i

Ensemble modelinin %8&ko86 wWe] BBUKD HBE. 88 e
performansé so/ajtliadgéjyénnét;e msmfitn de benzer bi
g°stermektedir. ROC ve PR ejrileri, epil ept
ayrélabildijini d o9 mearl ialmMEMXN WS e nShol neu -t aohl aanr laék |,
EEGO6ni nif zakmans yapéséné derin °Jrenme ve to

birlektirerek epil epsi tespitinde y¢ksek do]
Anahtar Kelimeler : EEG, Epilep s i CWT, Derin ¥]Jrenme, Topl ul
1. GKRKk

Epil epsi, beyin n°ronlarénda meydana gel en
ortaya -ékan ve tekrar eden n°betlerle karal
N° bert | sérasénda bilin- kaybeé, i stemsi z kas:
bozukl ukl ar gi bi geni K bir bel irti yel paze
dejerlendiril mesinde EIl ektroensef alegngekiaf i ( E
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el ektri ksel aktivitenin zamana bajl é dejikimn

dojal arée gereji kar makéek, deji kKken ve g¢reélt
dejerl endirmesini zorl akt amrm@akt acwee ehaeelslii kla
°znel hal e gel mektedir. Bu nedenl e, epil ept
hem zaman kazandérmakta hem de tanésal dojru
Son yéllarda epil ed<ik ntad sapi,t IEEGz esriintyea | Y eeppd Ir
anali zine odakl anméxkt eér . Bu -al exmal ar da, i
y°ntemlerinden derin °Jrenme temell:i model | e
geni kK bir y°%en emmbygetl epkal.zie sD a | dg e&ConiinuoudDWarwelek ¢ m¢
TransformCWT) kul | anél arak EEG sinyallerinin zamar
incel endi ] -al ekxmal arén sayésé artméxkter. E
°J remmenar il erinin EEGO6den °czell ik -ékar emeée
perfor mans a-eéseéndan t ekil model |l er e g°re
l'iterat¢rdeki bir-ok y°ntem, yalnézca derin
dayanmakta, bu da epileptik sinyallerin kar ma
Bu -alékmada ise |iterat CWNMIéekhbabl éb&EIGugarg
ile derin °jJrenme tabanl é ©°zell i kinbirkklear eé mé
kull anéel déjé hibrit bir sénéflandeéer @AT yakl a
yontemi -idekammagm®rsellerine d°n¢kKtereégl mgk v
°czellikler el de edil miktitikdsAegldéndarkahmmak &K
°czel kl er -ékaréel mek ve her iki °czel |l i k k¢m

[
boyutlu bu °znitelik uzayé Boruta ve RFE y°r
kat kel é& ©°zel laftkllenmderldmamiwkamas érbeean XGBoost,

gi bi g¢-1 ¢ modell er kul | anWwtngnve Stackig Efisembleno d e | |
yapélaréyla birlexktirilmiktir. Deneysel sonu
en y¢Kgald ukove genell eme performanséneé sajl s
2

.LKTERAT| R TARAMASI

Epileptik n°bet tespiti szerine yapeéelan ar
ve durajan ol mayan dojasé nedeniylm&kteéxit il
d°nem -alékmal arda istatistiksel °czelli kler
(SVM, KNN, Decision Tree vVvb.) yaygén ol ar ak
czelli k -ékaremé ve uzman ké&Pekemér gmukt et @ e
ancak y°ntemin genell eme kapasitesi séneérl e
tabanl e model |l er bu séneéerl amal aré akmak ¢ ze
sinyallerinden dojruda@& Bizrel CNN ] manéesi 18e
dojruluk bildirmiktir. Yildirim ve dijerl er]
zamans al bajeml el ekl ar e di kkate alimegaws ve %
d°n¢kemlerine dayab &k arad léxrmad cagt aerami®knteinrl.i Zh
sinyalleriniS ¢ r e k | i Da |l g &eonénkousDNVaveleTranspritNT)y ° nt emi y | e
scal ogram g°rsellerine d°n¢kt ¢rerek CNN taba
87 dojrul-skickave 0Q89RGIABC dejerl eri rapor|l améxkter
CNN °zniteliklerini istahibBtikskilrppapeeodlr ek
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dojrul uk, 0. 83BRUG1dejler9lerROME ul akméxkt er . Ay |
dal gaceéek tabanl e °zelli klerin epil epsi t e
kull anél masénén mod@rdéinéegeéenglsbakmar €méemeé azi
rastgele orman (Random Forest) algoritmaséeée |
a-éklanabilirlik sajl amexteéer . Bu i terate¢r
y°nt emiin olemmaedd] éné, derin °Jrenme ve 1 sStaf
kull anél maséyla daha y¢ksek dojruluk ve gene
3. MATERYAL VE METOT
Bu b°l ¢mde epileptik n°bet t espamadal air-é,n vgee
toplama, °n ikleme, °zellik -ékaréeme, ©°zelli
bi-imde aA§ghkleazménané@rma. °nerilen eeg sénéfland
gesteril miktir.
v
- SSre Bagaci Banbsoms (W) Sl o
‘. Ozellik Fiizyonu |

i |

f Ozeltk Segimi ‘

_ngﬁég;gi%‘i:ﬁm —izieslge 4){\7 Model Ciktisi J—) O Sinify
G°r sel SihyalleenBEGWTIiCNN Tabanl & Hibrit Model lzerin

S¢reci

G°rsel 16de ham EEG sinyalleri °ncelikle g
nor mali zasyon ve segmentasyon adéemlaré wuygu
Sinyall erden i ki farkl e kat maGWirale etde edlleni k - é
zamafif r ekans g°rsell eri czerinden ResNetb50 tal
sayeéesal ve istatistiksel ©zeld i %4 elrl i-ké kfag 2V «
birlexktirilmik ve Boruta ile RFE tabanle ©°z
belirlenmiktir. Se-ilen ©°znit el-Vddg&nsemkl&Bo o st
ve Stacking topl ul ukékmowe | thedal iper fsedrnmd n saén
duyar |l-8d @&@rke, FAUC, Kappa ve MCC metri kl eri éZ

3.1 Veri Seti
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¢al ekmada, epileptik ve epileptik ol mayan |
veri seti k Blul avreé&li mékkstneers i[,8]e.pi | epti k ve epi

edilen bek farkl é séneéef e ( FI1500Mdet BEEG siryaliden Z) i

ol ukmakta vetOR&r °krinre ks iureyanll ,uj uin dea thbeinrs izl a neadni

Ham sinyallerin bulunduju .Vtexti |dckasylal3gr6é Gl%zr

frekanséBa sawegeéeit¢i¢m veriler ayné boyutta i

ve karkél akt éer éVearbii |geatliirkd es aff,| ad,mé@,t é% .ve Z

sinyal grubu yer al maktadeéer. Her biri epi |l e

etmektedir:

T Z sénéfé, sajlékl é bireyl erdsngallegri zI| er i k a
i -erir.

T O sénéfé, ayné bireylerden g°zler a-ék du
temsil eder.

T F sénéfeée, epileptik bireylerden n°bet deéecx
odakl andejé fokal Db©°1| giendien -kearyidceedi | en EEG
Fokal b°l ge, beyinde n°betin ortaya -eékteé]

noktasé anlaména gelir. Bu b°lgeler, n°bet o
T N sénéfée, ayneéef adRalemde aetc adkd mkbeymokt asé d
b°l gel erinden al énan EEG sinyallerini i-e
1T S sénéfé, epileptik bireylerin n°bet anén

1.2008365713242043160401

2.40087
2.02
1.86
1

1
1
1
o1
1
1
1

1.854752582708375286¢ 401
(e) Z Siniha

(a) F Siifa (b) N Siruf (c) O S

G°rsel 2. Bonn EEG Ver. K¢mesinde Yer Al an Bek

SinyaiSegmentl erinin Ham (txt) Bi-imdeki G
G°rsel 2, Bonn EEG ver.i k¢mesinde yer al an
sinyallerinin ham (txt) formatéendaki °rnek
°ncesi, n°bet esosBbpbtéekl @a°betewnhneériv temsil e
i -ermektedir. Sinyallerin genlik ve dalga bi
beyin durumlarée araséndaki ayrémen temelini

zeléekkréemeée ve sénéfl andérma akamal arénda ku

o

3.2 ¥n Kkl eme Adéeml ar é

EEG sinyalleri ham hol de y¢ksek mi ktarda g
sinyaller °nceli klie5 bHRBn]J gkei t eémidainé bnmoerkm@® a
edi | mi ktir. G¢erelteg azaltma akamasénda 50 H.
amacéyla notch filtreleme uygul anméxkteér
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33S¢r ekl i Da |l g aCositikuous Waveglet Frangforni, CWT)

G°rsel 30te g°re¢ldegjeé¢ ¢zere EEG sinyall eri
zamanl é ol ar ak aBat ekl iedbdl ¢ aGdikuoud Waveglat ¢ m¢ (
Transform, CWT) y ° nt e mi kull anél mékt eér . Bu y°ntemle
g%rel |l erine d°n¢Kt¢r¢Im¢Kt¢r. Sym5 dal gacéj é
zamanRf r ek ans ©° zel i erini yé¢ksek -°%2z¢egnegrl gktoe

.
(a) F Sinify (b) N Sinifi (c) O Sinify (d)sS Slnlfl () Z Sinifi

G° r 8.€EG SinyallerininS ¢ r e k| i Dal g aGostikuoud Wavelet Frangforng,
CWT) ileZamaniFr ekans G°rsell eri

G°rsel 36de yer alan F, N, o, S ve Z séneéf
segmentl erini i fade etmektedir. Sénefl ar ar
czel lpiiHlepte k n°bet anéne (S séenefée) temsil
d¢zensiz frekans paternl eri kKeklinde g°zl eml
uyanéekl ék durumu) , daha d¢zenl i v esakiml Rirk ¢ k  fr
spektral yapé sergilemektedir. N ve O seéenefl
karma °zelliklerde olup, beyin aktivitesinin
3.4 Derin ¥zellik ¢éekarémé (ResNetb50)

El de edil en CWT ng®rzedllli &ri- é kchg € mé amaceyl
verilmiktir. Modelin °nceden | mageNet ¢zerin
dondurul arak sadece °zellik -éeékarémé yapéelm

g°rselinden 2ér4i8n bOzxymuittlel i kK vektorl eri el de

3.5 Kstatistiksel ve Karmakekl|l ek Tabanl e ¥ze

Derin ©°zelliklere ek olarak, EEG sinyaller

parametreleri, spektral entropi ve fraktal boyut gibist at i st i ks el ve kar

°znitelikleri hesaplanméxktér. Bu akama, siny

etmektedir.

3.6 ¥zellik Se-1i mi

Ol ukturul an genik ©°zniteli k uzayeée iki akamad
1. Boruta Al gorotmasé( RRadbobmeFerest) temelll i
°znitelik se-imi yapél méxter.

2. ¥zyinel emel i Retwsivé Heatlre EEminatidRi-E):(XGBoost
sénéflandéerécésé ile entegre edilerek, en

3.7 Sénéfdddleridér ma M

Se-ilen °znitelikler XGBo evate topluRkave 8tackingFor e s

topluluk modell erinde test edilmixktir.
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T Stacking topl uldjurkeryiapié s@lnalraakmeX@Boost kul
T Model |l erin perf orKamawMEGQ ngetrildeoyjler ul uk, F1,
karkeéel akt éréel méektér .

3.8 Dejerlendirme Metrikleri

Performans dejerl endir meifdAUC ve PrecisionkRezall (RR) € k | & k
ejrileri ol ukturul muktur. Sonu-1ar, model in
%88.88 F1 ve AUC > 0.90 dejerlerine ulakteje

4 . DENEYSEL SONUC¢LAR

Bu -al @ékmadaiCRNiffugilem ttCaMlranl & EEG sénéfl an
n°betl erin ot omati k tespiti amaceéeyl a dej et
(Accuracy,F:-Skoru, Kappa katsayésé, MCC (MBECt hews
ve PR ejrileri gi bi -ok y°nl ¢ performans ©|
model in performanséneén kapsaml e bi-i mde de
sonu-|laré hem nicel metriklerle hem de g°rs
model in séneéefl ar araséndaki ayrém ge¢éceneég g
Karéekékl ék matrisi, model in hemd&asrame&jfana@aive ©
sénefl ar arasénda karéekma ejil i mi ol duj unu
epil eptik n°bet séneféenéen (S) ye¢ksek dojrulou
n°bet sonr asé ( O) séneéfklaayrnéankdlaa n @ e - i k€ s thP n €
g%zl emlenmi ktir. Bu dur um, epilepsiye °zgg¢
fazlarénda birbirine yakén spektral ©°zell ikl
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o

F N < [ z T N H o
 Predicted abel . Predicted 1sbel
(a) CatBoost Modeline Ait Confusion Matrix (b) RandomForest Modeline Ait Confusion Matrix

fvareEnsemble_Weighted Modeline Ait Confusion Matrix [Dogruluk=88.00% ackingknsemble_Boosted Modeline Ait Confusion Matrix {Dogruluk=88.87%)

Predlicted |ahe

[T
(¢) SoftVote Modeline Ait Confusion Matrix (d) Stacking Ensemble Modeline Ait Confusion Matrix

XGBoost_Tuned Modeline Ait Confusion Matrix (Dogruluk=87 20%)

z

s
Predicted label

(e) XGBoost Modeline Ait Confusion Matrix

G°r sel 4 . Model |l erin Karmakékl ek Matr

Gor sel 406t e mo d el taraf éndan el de edil en

arasendaki dojru ve yanl ék sBuonéklaamdekma k d a
modelin her bir EEG sénéfe (F, MyaOko$mak) ad:
Her bir matris, modelin bek EEG sénefé (F, N
sayelaréné g°stermektedir. G°rsellerden de a

é
ané) ve Z (g°zl er kragpmd éy ¢skag d ké kd &) rdwlrwkm) o rsa&&m
¥zelli kle Stacking Ensemble model i, F ve N
karekekl ek g°Pstermik ve %88. 86 do[CatBobsivg i | e
Soft-Vote Ensemble modele r i benzer dojrulukta sonu-1ar
model i ndd danrze&ef & kar é k maxXIGBroé sd © zroednell @ n misket iy
dojruluk oranéna-k@iPo8poskt ab] MEN, ddPneml er i n
hat al aré Bya psnoénkut- | ar , geliktirilen hibrit top
ol mayan EEG sinyallerini ayert et mede y¢kse
°zell i kl e Stacking Ensemble yaklakéméneéen kil
ol dujunu g°stermektedir

Modelin ayrém performansé, G°rsel 506te ver.i
ejrileri, yanl ék pozitif oranéna karké dofjr
kapasitesini ortaymROKAYMDakepeel er Ehde tdml e
czerinde ol masé, geliktirilen yakl akémén sén
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g°stermektedir

¥zelli

k1l e

Stacki

ng

topl ul |

karkel akt ér ééeldiej eadpskadla WiemgAUC dej er i iLre
104 ﬂ_,_a-i-—_—-_- Lo {,‘_,__;/-_:, : -
081 [ /'r 084 /
: 06+ I/ £ o8 Jlll
| Bl
a Fo
| )
nyZ |
/
8 f’ % 0.
| ERXE
zoe] |f
Ly
G°rsel 5. Farkle Seneflandérma Model |l eri
G°rsel 56te ROC (Receiver Operating Charac
oranéna (FPR) karkée dojru ipdgksek AU@néerée el
model in ayeéert et me kapasit e €ldenaditen ROLAUC;, ol du
dejerlerinin t¢egm sénéflar i -in 0.906én ¢zeri
sinyall eri yéksek g¢venmimeikrtleidk Ire @y ér d b ikll cei
model i, AUC bakéméndan dijer sénéflandér écél
G°rsel 6 6da gPRsetcearlill eenj rArleecriisiiosne °zel | i kI €
model in pozitifdofroekhénmnil adej kadadejerl endir
sahiptir cektelar, epil eptik sinyallerin he
edil diJini gestermektedir Bu sonu-, model ir
a-édiask]| i ol abilecek n°bet atlama ol aseél é&] én
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CatBonst_Balanced Mo-Ieling At Precision-Recall Egrilen RandemFarast_Tuned Modeling Ait Precision-Recall Egrileri
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Recall
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G°rsel 6 . Mo d eRedale(KesimikiPu yeati Isé loamk) EJril eri

G°rsel 66da modelin ©°zellikle epileptik sé
ettijini PR s (PredisiviRlec e d i ) ejrileri i se, mo C
dajéel emlarénda pozitif sénéflarée tespit et me
model in epileptik sinyalleri yéksek kesinl
g° s tketrinmi. Bu dur um, klinik uygul amal arda yan
°nem takémaktadeér

Son ol ar ak, tem sénéefl andeéer ma model |l erini |
kesinl ik, dsukyoarrul el aekké nveen dFal ¢riizled igjei 1g ivbei 2kbadre
ol arak sunul muktur. Bu -izelgelere g°re Stac
Flskoru ve genel ol arak en dengel./ hata or ar
CatBoostve Sof¥ ot i ng y°nt &min Ipierrdiorrinmmensy aser gi |l er ke
sénefenda y¢ksek bakaré g°%stermesine raj men
cretmi ktir. Random Forest i se kararl ée fakat
Ayréca ¢izel gegr8ddesyelntgemitesrriimmi sunul mukt ur
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¢i zelEG@Sé&néfl andér ma Modell erinin Performan

Model d o] r {macro f1| weighted fl1| auc_macrg auc_weighteq kappa | mcc
Stacking | %88.86 | %88.88 | %88.88 %98.40 | %98.40 %86.08 | %86.09
topluluk
SoftVote | %88 %88 %88 %98.17 %98.17 %85 %85.01
topluluk
CatBoost| %88 %87.99 | %87.99 %98.18 %98.18 %85 %85.02
XGBoost | %87.20 | %87.23 | %87.23 %98.20 %98.20 %84 %384.01
Random | %86 %85.99 | %85.99 %97.64 %97.64 %82.50 | %82.53
Forest

¢izelge 16de EEG sinyallerinin séeneéeflandeéer
model |l erinin performans metrikl er.i kar kel akt
model Stacking Ensemble | mukt ur ( %88. 86 dojrul uk, %8 8 . 8¢
séenéfl andérécénéen birlektirilmesinin epilept
dengeli ve g¢venilir bir performans sundujun

¢izelge 2. Séneéf |PenrdérrmeanMo del]learliemiin
Model F1(F) F1(N) F1(O) F1(S) F1(2) Macro  Accuracy
AVG

CatBoost 0.7878 0.7562 0.9404 0.9933 0.9264 0.8799 0.8800
RandomForest 0.7518 0.7156 0.9371 0.9932 0.9073 0.8599 0.8600
XGBoost 0.7561 0.7508 0.9493 0.9933 0.9164 0.8723 0.8720
SoftVote 0.7762 0.7594 0.9529 0.9933 0.9233 0.8802 0.8800
topluluk
Stacking 0.8028 0.7834 0.9461 1.0000 0.9139 0.8888 0.8887
topluluk

¢izelge 206de, model |l erin her EE£KGosleacé évdéFg
dojrdéju&r !l eri verilmiktir. Stacking toplul uk
Flskor |l ar én é (0.8028 ve 1.0000) el de eder ek
model i n sénefl ar arase dengeyi k 0o auyaayréarkt €

g°stermektedir.

Model Performans Ozeti {Accuracy = 88.86%) - Yer Tutucu

0.8
0.6
=
2
[l
0.4
0.2
0.0

G°rsel 7. Model PerﬂRBcathélhs

edebil diJini

rrrrrrrr

¥zeti (Preci:

G°r sel
ve Fiskor u

76de, her bir séneéef (F, N, O, S, 2Z)
dejerl erinig®ksarekéneakkteedrimal €S omlua rl aakr
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araséeénda dengel. bir performans sergiledijin

ol dujunu ortaya koymakt adeésrk o r¥uzneun idkd hea Sy ¢vkes
g°r ¢l mekte ol dp)] i buepiure@pt imo aktiviteyi ay é

kabiliyetine sahip oldujunu destekl emektedir
Bu dejerlendirmeler bir arada el e aléndej e
dojruluk dejil, ayne zamamdalai Isiérnléifk awe ak laisrei
a-éséendan da g¢-1¢ bir performans sunduju g°©

S . GENEL DEJERLENDKRME VE SONUC¢LAR

Bu -al @ékma, EEG sinyallerinden epileptik n
zamafif r ekans d°ng¢ kK ¢¢dneegr,i NCNN ntiagabednlke - ékarieme (R
kar makékl ék temel | i °czel l ik m¢hendi sl i Ji y
°nermektedir. El de edilen sonu-1I1ar, epil eps
yé¢ksek doj rdwelmek kvagp agenelsi ne sahip bir model. i
Yapél an deneysel analizl erde Stacking Ensemb
%98. 40 AUC ve %86.09 MCC dejeriyle en y¢ksek
fazhefls@ndéréecénén g¢-1 ¢ y°nlerini birl exkti
géevenilir bir -°2z¢m sunduj unu or-YoeFErsenbley ma k t
model | er i de benzer dojruluk oranllkappavea ul acxk
MCC metri klerinde daha dengel] sonu-I|lar ¢re
uygul anabilirlifji a-éséendan g¢-1¢ bir genell
10] . AyABCad®RO&Er | erinin t¢zmerd ardéef |oalrmais-éi, n
epil eptik vV e epil eptik ol mayan EEG sinyal
kanétl amakt adér . Karekékl ek matrisi anali zl e
yé¢ksek dojrul ukl a s éncddian(de)r dveg énn®eb; e ta nscoankr an:
karékeékl ekl ar yakandéejéné g°stermiktir. Bu d
senéfl andérma s¢recinde zorluk olukturdujunu
Sonu - ol ar ak, E EiGstatisti knsyeall | g zponumaerdayal & |
epilepsi tanésénda hem y¢i¢ksek dojruluk hem d
sunmaktadeéer. ¢al ékma, epilepsi tespitinde CW
bir y°ntemirnt agytakikndyigriank loi t er at ¢r deki bokl t
Model i n bakar és é, hi brit czel |l ik m¢hendi sl
stratejilerinin birbirini tamamlayécé et ki si
performamasé&®@é él masé I -1 n farkl é dal gacék t
geni kKl etilmik EEG ver.i setl eri ve ge¢relte a
Ayr éca, LSTM veya Transfor mer tabanl e mo d e
°r ¢nitrgyldeaha derinl emesine °Jrenil mesi hedef |
akademi k |iteratg¢gre metodolojik bir katkeé su
sistemlerinin geliktirilmesine y°nelik °neml
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KALP HASTALIJI TAHMKNKNDE KAN VE DKJER MAK
Y¥NTEMLERKNKN KARKI LAKTI RMALI PERFORMANS
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¥ZET
Kalphastal ekl ar &, d¢nya genelinde °1 ¢m oranl a
biridir. Erken texhis, hastal @& én y°%°neti minc
hastal éjé& tahmini i -in farkl & ngegsiomRandomhr e n me

Forest, kNearest Neighbours, Super Learner, Multilayer Perceptron ve Kolmogonmid

Net work) performansl|l arée karkél akteéereéel mékteér .
seti czerinde yapeéel an kanalzigzller¢dke, , Fdlo] s kud ruk
performans metri kl eri dejerlendirilmiktir. S
Random Forest algoritmasé taraféndan el de

tekni kl erinden SHAXP vneo diellMEe rkiunl Thaannégliarde] i K k €

yaptéej] é kKeffaf Kekil de anal i z edi |l mi ktir.
uygul anabilirlijini-SgPesyewmbk ugmgadtaylas e bigrel
destek sistemibi biataki kgPbaeeéel |l mi ktir. Bu
a-éklanabilir yapay zek®© y°ntemlerinin sajl
sistemleri olukturmak i-in etkin ara-1lar sun

Anahtar Kelimeler: Ma ki ne ¥]J rikAMesSHAP, LI ME, Kal p Hast

1. GKRKK

Kalp hastal éjée d¢nyada en -ok °|l ¢me neden ol
yé¢ksek ol an bir hastal @éjén erken tedavi si h
erken tekhmsitabkBgyék Bunenedenl e kal p hastal é
azal t mak i -in hezl e, ekonomi k ve etkild@ bi
°JTreni mini kull anarak g¢venilir ve hezleée bir
Literat¢r ghceglendkji Odani yi ve ar k. [ 1], k &
aj éna dayale ¢ - akamal é bir y°ntem geli«ktir
Mohan ve ark. [ 2] i se gel eneksel makine ©°7J |
°Jrneini s¢reci I -in bir °czel l ik se-me y°nt el
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ul akmexkl ardeér . Dwi vedi vV e ar k. [ 3], gel ene
dojrul ama uMNqulYaaykaérna kKo nkk ul ar al goritmasé i |

etmi Kkl egldi ve Bumar [ 4], karéekekl ék matri si ne
ul akmexkl ardeér . Khurana ve ark. [5], kullande
araséenda dejiken dojruluk oranlareée Dbildir mi
Algél ayecé ve Destek Vekt°r Makinesi temell.|
el de etmiklerdir. Buna karkel ek, Kahr amanl é
%87, 4 dojruluk oranéna ul akmékdraamdetrr e Cayardlr
-apraz dojrulama prosed¢rl eri uygul ayarak L
kull anmécx; séraséyla %90, 16 ve %89,67 dojrul
[ 9], kalp hastaléjeée tahimiei adel mizel bi kK dene
°nermi k ve ¢ok Katmanl é& Al gélayécé (Multilay
oranéna ul akmékl arder . Benzer «kxekil de, Bhart
kull anarak %94, 2tdmjkrlwelrdk rarané el de

Bu -al ékxmada, kalp hastal é&jénén varl éejéneée v
°Treni mi tabanl é&@ bir model neril-Arroi d. Alyak
al goritmaseé, hem gel eneksel hemageceédeni hel
kull anéel mék ve il k kez Kalp Hastal éjé veri

boyutl u biyomedi kal ver i k¢mel eriyle -al ekert
gel i ktirmek amaceéeyla ada,jtezrzatlirke-scslkat m&l| ae ve
zeka (XAl) yaklakémlarénén birlikte kull anél
Mi xUp tabanl é veri artérma y°ntemini -Sed omat i
veril eri-GARanal zbimo d &L i °nermi ktir. Bu yakl ak:¢
hem de g¢-1 ¢ yorumlanabilirlik ©°zellikleri S
bu -alékmada da kalp hastal éjénée etkileyen

hedeflenmh k t i r . Bu dojrultuda, mo d e | -éktelareéene
SHAP algoritmasé kullanél méxkteér . Ayr éca, bi
getiril mesi amaceéyla LI MBhdlngortiatbmandg & | idblina s évre
geliktirilmiktir. Sonu- ol arak, yéksek dojru
karar destek sistemi sunul muk; Db°ylece Kkl ini

ortaya konmuktur.

2 . Materyal ve Metot

2.1. Veri ve ¥n Kklemler
Ham veriler Uci Machine Learnindttps://archive.ics.uci.edu/dataset/45/heart+disease
sayfasemdddmiitde g 12]. Orijinal veri set.i 7 €
dejerl endirmeler sonucunda 14 dejikkenin ana
ger ¢l megktegr. Ayréeca, se-ilen bu dejikkenleri
-ékdgreeltckspit edi |l mi ktir. Dejikkenlerin ayrer
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¢izelge 1. Dejikken ve Etiketl eri
De]j KKken A- ékl ama ¢cektelar
#age K kK n n vy YéIl ol ar g
#s ex K K n n Er k ek, k a
#cp "Chest Pa n'|typ cal ange
ajrese atyp cal an
anj nang noal
anj nal ol n
asympt omat
asempt oma
#trestbpg D nlenme ha Hastaneye g
°l -¢l en ka yapéelan ©°1 -
#chol "cholesto K Kk n n mg/
kol esterol
#f bs "fast ng bl o >120 mg/ d
a-1 é&k kan
#restecg D nl enme hgNor mal nor m
el ektrokard T wave abnaor
dal ga anor m
show ng prob
l eft ventr ¢
Estes kr ter
veya kes n
h pertrof
#t hal ch K kK n n ul ak ¥ - ¢m
kal p at éxk
#exang ‘exerc se n TRUE: wvar,
Egzers ze ba
vevyaah art sél e
#o0l dpeak | D nl enmeye g 6ST' EKG gr
neden ol duju konuml ar |l a
#sl ope (e] m) Tepe upsl op ng:
segment n flatdownzl op
e] ml
#cC a Ana damar 0-3
#t hal Tal yum tar an Nor mal , f x
ed |l en sony reversabl e
#num Kal p hastal é 1: var
Bu -al eékmada, ver.i °dne jiek |l eemd na kt aameasnd radhanaelés
i Kl eml er i ger-eklexktirilmiktir. Makine °jJren
farkl e °1 -eklere sahip de]j i k-Bkera standardirasygne ni d e
y°nt emi kull anéel méxkteéer.
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2. 2. Makine ¥jrenmesi Met ot |l ar é

Bu -al ekxmada, kal p hastal é] é tahmininin
gel eneksel ve yeni makine °Jrenmesi y°ntemle
y°ntemine ait akék kKemasé veril mektedir.

Train —ML Trainin:

Kolmogorov-Arnoid

1 S Random Forest
: ) ) Logistic Regresyon
Dowin Selection —Dow .
Heart Disease own ion— Explore Data Down Selection K-Nearest Neighbours
_ | | SuperLeamer

Test |_Prediction Multilayer Perceptron |

—_:=- R-Shiny  — A‘:T:?J?:::y [€——Performance

Gordé&bkina °Jrenmesi akék diyagr ami
G°rsel 16deki ademlara g°r e, ham verinin ©°n
k¢ mesi ejitim ve test veri si olarak i kiye ay
kull anélarak dojruluk dejerl eri hesapl anméxkt
olarakbirRShi ny wuygul amasé geliktirilmiktir.
Bu -al ékmada, kalp hastal éjedAenobdm ANl at ee K
y°nt emi il k keAykathan®bmdemeéerFrorest {ERF), L
Yakén Komku (KNN), SuperLearner (SL) ve ¢ok
°JT renmesi y°ntemlerinden de yararl anél méxkter
kat man keh]|] amM&IPér2 y°nteminde her biri bexk
kull anél mékteéer .
Makine °jJrenmesi y°ntemleri arasénda RF, -o0k
sénéfl andérma problemlerinde vy¢ ks ekl édkoljarruéel nuek
sigmoid aktivasyon fonksiyonu araceéel éjéyl a
boyutlu uzayda birbirine yakén konumlandéj én
yapmaktadér . SL ise far k| & uain gs&im azalmaktaaeg &€ bi |
czellikle k¢-¢6k °rneklemlerde daha ge¢venilir
ajlarenén FNN bir te¢gregder. Ver i tek y°nl ¢ ol
ol ukur Tek gi zleir kMaLtPmaonl aa rsaakh iapd | FaNINdGelr € | ma k t ¢
KAN i se regresyon ve séneéeflandérma proebl eml e
Arnol d temsil teoremine dayanarak kar makeéek
deji kkenl i fonksiyoind lairjai ayéke®ek &loawmmbanam
dojruluk gerektiren durumlarda avant aj saj l
aktivasyon fonksiyonlaré n°ronl arda dejil 0 k
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ol arak °Jrenil mekyeekdak dBaj rymnlkdlka kgenr ekt i ren
sunmaktader

2.3. SHAP VE LIME

Mo del tahminleri, °zelli klerin bu tahminler
A-ékl anabilir Yapay Zeka (XAl) $€&ntamigeri nima
karar ver me yeteneji I -1 n be¢yeék °nem takKker
dojrulujunu etkileyen temel faktorl er hakkE®eér
yinel emel er i iyilektirmek liemel ikuAd aklédmadli drn
(Yerel Yorumlanabilir Model den Baj émséz A-¢&k
i -in seéekleéekla kullanéel an XAI yontemleridir.
°zelli klerin g°recelitrti An&mrar depet berdi rsme
model |l er gibi farkl & model tg¢rl eri il e birli
SHAP, her bir girdi °©zellijinin bir modelin
yaygén ol arak kull anél aznelbliir] eXAdli ry °Shhtaepmiedyi rd
oyun teorisindeki kavramlardan yararl anér ve
Model e °zg¢ tekniklerin aksine, SHAP model de
-er-eve olarakt,i bledv rgq9r pri.r SHAek i1 -in en ¢
karmakék bir kara kutu modelinin davranékeneé
tahmin sonucunu nasél etkiledijinin net ve s
LI ME, bir makidred i°njirme siomiu-1 aréné yorumlanahbi
bir y°ntemdir . Her hangi bir makine °jJrenim
a-éklayabilen bir algoritmadér [16]. LI ME'én
yereld ] rul uk. Yoruml anabilir temsil,, girdi dej
i kki kurar . Yer el dojrul uk, model in perfo
gevenilir oldujunu i fade eder [ 15] asEhBBNEéEN
ziyade tahminin neden belirli bir durumda vya
yer el bir b°l ¢im¢gne daha basit bir model (°rn

3. SONUC¢LAR VE DEJERLENDKRME

Bu -al éekRaatakaje tahmini i -in -exkitli makine
Random Forest y°ntemi %92 dojrulukla en iyl
sayéséne artérarak dojruluk oranéné Kdg8dbden
hastal éjé& sénéflandérmasénda etkili bir y°nt
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NSVl

%
¥
)
g

¢izel ge 2. Kal p Hastal ej é Ver i Kull aneéel ar ak El
Sonu-1ar é
Met hod |Accur Recal F1 ski Preci Speci f

LR 0. 86 0.807 0.798 0.801 O0.786

RF 0.91 0.924 0.915 0.915 O0.882

K NN 0.82 0.817 0.8214 0.827 0.788

SL 0.82 0.869 0.829 0.829 0.780

MLP 1| 0. 78 0.807 0.814 0.822 0.746

ML P 2 0.82 0.825 0.845 0.865 0.813
¢Cizelge Rdlyp ladsteal é] & veri setinde en d¢kgl
y°ntemlerine aittir; en y¢ksek dojruluk oran
y°nteminin dojrul uk, duyarl el ék vV e dijer |
g ° s teldedim
Buna ek ol arak, kalp hastal éjéné etkileyen e
hastaléjé ile ©°9zellikler araseéndaki il ikkiyid
ver.i setinin dahg®rgreelmikzmi ks ajilray%@mne tai-reik| ay é ¢
al goritmasédeéer [17] . Bu algorit ma, veril en
°zelli klerin katkéda bulundujunu g°sterir. C

girdilerininkararer mede di jJjerl erine g°re daha et kil i

fix)

- (T
thalch
oldpeak m
chol .
thal '
exang ]
age .
slope ‘
sex ) <001
6 other features '
0.0 0.1 0.2 0.3 0.4 O‘SEWX]I 0.6
G°rsajérl ekl e SHAP grafijinde kalp hastal éjé ol u
i i kkini
Makine °jJreni mi model |l erinin karar verme sSgf
kritik alanl arda ©°nemlidir. B uahnbnkeiinl hangid a , L
°czelli klerden nasél etkilendijini detayl é bi
bir °rnek ¢zerindeki kararénén manteé] éné yc
algoritmasé test veriustanmbdekie akhkhj bBdat &° ? b
sonu-1|lar el de edil miktir.
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Prediction probabilities v Feature Value

o I o

1 (0.01

G°rs&l k3hastanén kalp hastaleéjé olup ol madéj éneé
LIME tablosu.

G°rsel 3, bu kikinin kalp hasujadre éqas tsarhmek

Tahmin s¢grecinde, thal (nor mal ), chol (d¢ K¢k
karar ¢zerinde belirleyici bir etkiye sahip
tem °zelli kl erini nabhalst@ad @ kbiol astéekiejyvagmasée n
sahip ol madéjéné sonucuna var méktér. Bu, mod
¢tal @ékmaneéen ni hai amacé, gel i ktirilen model |
kull anécalnarprtaariakftéender i ki Il ebi |l ir vV e kul | an
do°n¢kt grmektir. Bu dojrultuda, bireyl erin k

hakkéenda bil gi-Sheidnyn etba d aeercle&k | keirri Wwe b uygul ama.

erat¢rde de rastl a

BenzerShny uygul amal aréna | it
cé dostu hale getire

ejrisi anal i zini kull ané

RShiny wuygulamasé gelixktirmiktir ROG°lkgagli sk
analizlerini kolay ve hezlé bir kekil de ger -
aracé olukturmuktur.

Gel i ktirilen uygul amanén kull anécé araye¢ze
uygul amada il giliertdefi kkgeinrldeirkel eai hdea,ej si st
hesaplamakta ve her bir dejikkenin bu riski
sunmaktadeéer . Bu sayede hem uzman hem de wuzm
anlayabilirebel de]j eUyVygndamaya akaj éeédaki bajl

https://datascicence.shinyapps.io/heart/
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G°rsék Hhastanéen kalp hastalejée olup ol madéjéene
LIME tablosu.

4. GENEL DEJERLENDKRME VE SONUC¢LAR

Bu -al éeékmada, kalp hastalr@&jnéenetsa hmil miorii timal -ag
ve en y¢ksek dojruluk orané Random Forest (F
yalnézca sénéeflandérma bakaréséna odakl anma

yorumlanabilirl Bpui atha-leae SGHABRmMESHapl ey Add
LIME (Local Interpretable Modeh gnosti ¢ Expl anations) gibi A-
yonteml er. kull anél mékter. B°e°yl ece, model in
genel d¢zeiyrdey shelm hestha bazénda keffaf Dbir «
¢al eékmanén ©°ne -ékan katkeéelaréndan biri, it
uygul anmék ol masédeér KAN modelinin dojasé
ver me spre-Hdeha ayréenteéeleé ve a-éeék bir «kKekil
SHAP ve LIME®GEén birlikte kullanél masé@ mo d e |

y°nl ¢ ol arak anl akél maséné sajlamék ve teéebbi

El de edil en model yalnézShi ngotialbabi € Yapé dva

geliktirilerek pratik kullaném i mk©neé sajl an
kendi verilerini girerek kal p. KkAyirzéic ar,i sukyig uh a
bir deji kkenin ri sk czerindeki et ki sini g°
profesyonelleri ve bireysel kullanéeceéelar i -1

g°rmektedir.

¢al ékmaneén sednaerverdiekbat eniamaséBspet en k¢- ¢k
pop¢l asyona ait veril erden olukmaseé yer al m
sénérl amakta ve farkl é& hasta gruplarénda te:
kull amél aetvea-¢ék erikim oldujundan, g¢ncell
bazé eksiklikler baréndérabilir. Bunun yane
karkeéel aktérmaya dahil edi | memesi , maw Kt d
faktordge¢r.
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Gel ecek -al ékmalarda, modelin genellenebilir

grupl aréndan el de edilen verilerle test edil
model |l erin perfor makn scke jkearrlkeénl daikrtiélrenpaillé ro |vaer
tahmin dojruluju a#Shéngl ayighl ama&eél i kiaihai If ean
zenginlexktirilerek ger-ek zamanl é& ger. bil di
olarak, LIME ve SHAP gi bi XAI y°ntemlerinin yaneée S
explanations gibi alternatif a-éeklama teknik
bir perspektiften dejerlendiril mesine katkeée
tabah € ve a-éklanabilir sistemlerin °n¢gmegzdeki
ve yaygén uygulanabilirlifji arterarak °nemli
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Dajéeléemlar, belirsizIliklerin mortaehnesndeten®li v e
ara-|lar arasénda yer almaktadeéer. Kl asi k daj él
bilimlerde karkél akélan dejikkenlerin tanémla
-0Jju zaman seéerénrre madametydle wWa&p-ek d¢gnyadak
yansétamaz. Kl asi k dajeéel émlar parametre t ahmi
nedeniyle yeterl]i esnekl ik sunmaz. Bu wm¢ zden
dajél ém aileleri, daha genik uygul ama al anl ar
Bu -alékmada, Weibull dajéléménée temel alan N
ol an bek param&eirkedli | NEeMWL WO maxegedmiek okdaapks aamléé
parametre tahmini ger-eklextirilerek baxkarel é
en -ok olabilirlik, en Kk¢€pg & mdvMises lveAndersorma ] ér | €
Darling tahmin edicileri teorik olarakale e di | mi kKt i r . El de edilen t a
sim¢glasyon -al ékmaséyla farkl e parametre ve
kriterlerine g°re performansl aré karkél akt ér é
tahmin edicinin en -ok olabilirlik tahmin edi
Anahtar Kelimeler: Par ametre tahmini, New Lomax Wei bull

kareler, Anderson Darling.
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1

Séecakl ék, baseéen-, nem, stres g b ver |l er, f
dajeéelemlar kull anél arak anal z ed | r. Ancak
uygul amal ar sunmasé dezavantajdaplebembamakt & e
y sonu-I|lar el de etmek m¢gmk¢egn dej |d r. Bu
-ékarémda bulunarak, ver |l er n parametr Kk ol
kazandérmasé umudugl deyed | chakél em B°Vkkee t
genell ext rmeler ve d°n¢kegmler gdaf éekEBekartr
gen K arama alanlaré olukturup kapsamleée -al é

ol maktadeéelr. [ 2], [2], [ 3

L teratg¢rde, parametreler daha y model | ey
model |l er kull anél arak pek -ok deneme yapél meé
[ 4] ¢stel daj el eém, Kundu ve |IRang,ab D&y wvgde.n e[l d

.stel dajél ém, B Iilkawvwea | [ Mdi@ina-t épreyrdaArhd t8rj el k |
Xgamma daj el ém, Dey ve Nassar [ 9] k par ame
k parametr el X g arnkmmaa zWev do.ul [| 1 Id]a] EéK-@anp a rKaome
dajelem, Pobol 2kovs vd. [12] Kk par ametr el
We bul | daj el emene, Ha s h eLnopjo usrt vke dAalj ézlaéedme,h L
Pareto daj eMehhmy mmAesd oo ¥Belv déSuhlaln kdearj €1 ém, Al abdu
[ 17] k p-eogmetreldajlLehbém, Wang ve Sh [ 21]
nor mal daj él eém, Gu ve Chen [ 18] genel |l ekt
par amel NéWe Wbamdx daj él émé ol duju go°r ¢l mekH
al éndejéenda g°r ¢l ¢r Kk genel | k1l e k veya
makal ede bek parametr el NLW daj el etmeehmng zner n
yapar ak y sonu-|lar el de et mey hedefl ed k.
Bu makal ede, We bull daj él emenée-Ghemel eal ar ak
b r °zel ¢yesiWeobahl NeNLWpmagaxer nde parametr
daj el eménéks dyagred emdfflonEk t | k (1) 6de, ol as
Ek t| k (2)6de g°ster 1 d j g b d r:
O p Q — ho _ (1)

-— |1 = o — — Q (2)
Bu -al exmada, We bul | dajéel éména dayal e New Gen
daj el empakramebeel TWeNdw | L oidh W) dajéel éemé ele alé
amacé, bu yen daj el ém - n kapsamlée b r paramet
daj el eéména a t en -ok ol ab | rfh ek, -€oMkkRPes, kve&ar
AndeiDsaaon ng y°ntemler ne dayalé tahm n ed c¢c | er
parametre dejerler ve °rneklem b¢gyeéekl ¢kl er al
yardéméyl a b u tamHmlrek edrec haetrankegre ortal amasé
karkél akt érmal & performans anal zl er yapél méxkt é
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2. PARAMETRE TAHMKN METODLARI

Bu - al eﬁld?rﬁehel-paarametrelerinin tahmin edicileri
aj el

NLW da édenébgretahmin y°nt emi kull anél méxt

olabilirlik olabilirlik (E¢O), en k¢-¢k kar

Cr a m@uMises (CVM)ve AndersdiDar | i ng ( AD) bul unmaktader.
2.1. NLW daj ®@&hmmeé i -in E¢CO

OB NLW daj él eméndan al @&nan rasgele bir ©ri
tahmin y°nteminin olabilirlik fonksiyonu EKI
NLW daj él eormearménd irdg k fonksiwobinu: Exi tl ik (4)¢

0— b Qw 3)

A FhB AR a8 Q ¢aéIQ ¢agQeéaéQB 11 €

B — 4)

Logol abilirlik fonksiyonunun il gil:@ parametre

tahmin edicileri elde edil r . Detaylar i-in [22]06ye bakeénéez.
2. 2. NLW dajél émé i-in EKK ve AEKK Tahmin

EKK ve AEKK tahmin edicileri Beta dajél éml ar

vd. [19] tarafendahmmBmer iNLA kdajrél eBnu nfacdnak s i

b¢e¢yekl ¢ ¢nde bir rastgele °rnek ol sun. NLW

rastgele °rnek ol sun. EKK tahmin edicilerdi E

Ouvuv— B Ow — (5)

NLW daj él émenéen bilipreyemkKKarnrament meleain icnil er

minimize edilmesiyle elde edilebilir:

~.

ov Uy hRhHARA B ™Ow — HQ pltB 8 (6)
NLW daj él emenén AEKK tahminleri Ekitlik (7)6
600 B — 0O® — (7)
NLW daj él emenén AEKK tahminleri Ekitlik (8)6
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I %+ |+i B R B —p A — —  KQ pkiB 8 (8)
Detaylar i-in [22]06ye bakeéneéez.

2. 3. NLW dajéeleme i-in CVM Tahmini
CVM tahmin edicileri Ekitlik (9)6 un minimiz
w0 - ¢B "0®d -B ¢Qpaé@ OB (9)
NLW dajél emenén CVM tahminl er.i Ekitlik (10)6
6wd —B p A T — (10)

2. 4. NLW dajél émé i-in AD Tahmini
AD tahmin edicisi D6Agostino ve Stephens [ 20
Ekitlik (11)06nin minimize edilmesiyle elde e
00 ¢ -B ¢Qp a&ab aé® Oh (11)
NLW dajéel @é&ménén AD y°ntemine g°re tahmin edicile
edil ebilir

L (;,QFTT (;,Q,'TT

b0 ¢ -B c¢ap i1 @ Al = S R (12)
3. SONUCLAR VE DEJERLENDKRME
Bu b°l ¢mde, NLW dajéel eméeéndan ¢retilen °rnekl
AD ve CVM tahmin edicilerinin performanslar
sim¢glasyon -aléekmasé yapel méekteée Si mjl asyon

K r
kullanél arak ger - ekI|nelo®2D0;500 vinfi kB h_rparam&trelerie k - a
s é r a s@hyiTaipaT® v e®pfpdpdhpd dej erl eri veri |l mi ktir.
performansl|l aré yan ve HKO Kkriterl er4dee g°r e
veril mi ktir.

¢i z el ghetPly 8h8ahs8hshs - n tahm n ed ¢ ler n vy
|Ahhh  pdaipdre
Metot | I — 1 _
n =100
E¢O | 00618 | 00274 | 00172 | 00636 | 0.0473
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EKK 0.0169 0.1384 0.0049 0.1349 0.0783
AEKK 0.0112 0.0816 0.0049 0.0420 0.0371
AD 0.0210 0.0689 0.0042 0.0523 0.0395
CVM 0.0083 0.1263 0.0037 0.1209 0.0593
n =200
E¢O 0.0359 0.0302 0.0035 0.0467 0.0237
EKK 0.0134 0.0717 0.0066 0.0572 0.0368
AEKK 0.0054 0.0473 0.0016 0.0107 0.0158
AD 0.0117 0.0529 0.0008 0.0140 0.0217
CVM 0.0080 0.0730 0.0063 0.0519 0.0300
n =500
E¢O 0.0237 0.0227 0.0028 0.0335 0.0123
EKK 0.0031 0.0528 0.0009 0.0016 0.0149
AEKK 0.0062 0.0309 0.0031 0.0122 0.0028
AD 0.0018 0.0291 0.0043 0.0041 0.0069
CVM 0.0016 0.0429 0.0011 0.0062 0.0094

¢i z el ghefPhety hda8hsah8 - n tahm n c
hah  mhpdreipdha
Metot | 1 — ) _
n =100
E¢O 0.0376 0.0550 0.0067 0.0658 0.0277
EKK 0.0658 1.3828 0.0724 0.7537 0.1439
AEKK 0.0416 0.1931 0.0147 0.2406 0.0454
AD 0.0318 0.1623 0.0110 0.1822 0.0357
CVM 0.0651 0.6102 0.0544 0.7816 0.1175
n =200
E¢O 0.0136 0.0224 0.0019 0.0262 0.0092
EKK 0.0396 0.1858 0.0144 0.3392 0.0434
AEKK 0.0199 0.0680 0.0045 0.1048 0.0156
AD 0.0174 0.0621 0.0043 0.0813 0.0143
CVM 0.0391 0.1931 0.0138 0.2237 0.0411
n =500
E¢O 0.0040 0.0074 0.0005 0.0098 0.0024
EKK 0.0171 0.0776 0.0036 0.0702 0.0128
AEKK 0.0076 0.0288 0.0013 0.0275 0.0049
AD 0.0071 0.0263 0.0013 0.0274 0.0046
CVM 0.0171 0.0748 0.0034 0.0756 0.0127
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glre

-0k

10

HKO

¢i zel 1 deki yan| paijiaeamétrefHip abvalkmltdaeMe nda,
ECQ,e] parametrel eri i -in i se AEKK metodu
¢i zel 20ye bakeéeldéjénda ise HKOOGna
sonucu EC¢CO metodunun verdiiji gor ¢l megktgr .
¢i zel ghePhgy 8hsahsahshs8 - n tahm n ed ¢ ler
|AhAh  mafpghpahpdhps
Metod | i — 1 _
n =100
E¢O 0.0450 0.0045 0.0364 0.0115 0.0639
EKK 0.0190 0.1593 0.0600 0.1448 0.1912
AEKK 0.0169 0.0829 0.0130 0.0661 0.0901
AD 0.0218 0.0902 0.0202 0.0625 0.0927
CVM 0.0149 0.1428 0.0266 0.1392 0.1441
n =200
E¢O 0.0301 0.0036 0.0142 0.0133 0.0371
EKK 0.0138 0.0915 0.0915 0.0668 0.0831
AEKK 0.0047 0.0571 0.0063 0.0156 0.0371
AD 0.0099 0.0623 0.0126 0.0209 0.0453
CVM 0.0089 0.0730 0.0069 0.0519 0.0230
n =500
E¢O 0.0199 0.0021 0.0013 0.0092 0.0168
EKK 0.0006 0.0579 0.0124 0.0252 0.0322
AEKK 0.0054 0.0334 0.0104 0.0016 0.0121
AD 0.0023 0.0315 0.0144 0.0095 0.0186
CVM 0.0016 0.0429 0.0107 0.0062 0.0094
¢i z el ghePhaly 8hsahs8hshg8 - n tahm n ed ¢ | er
|Fh-hh  mhpgipdhpdps
Metod | i — 1 _
n =100
E¢O 0.0320 0.0939 0.0302 0.0620 0.0968
EKK 0.3471 1.8841 1.8890 0.8288 2.1144
AEKK 0.0411 0.2488 0.0620 0.2460 0.1830
AD 0.0321 0.2643 0.0668 0.2041 0.1759
CVM 0.0717 0.8119 0.1956 0.6647 0.4428
n =200
E¢O 0.0116 0.0271 0.0102 0.0298 0.0310
EKK 0.0831 0.0831 0.0531 0.2802 0.1606
AEKK 0.0221 0.1182 0.0198 0.0879 0.0620
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AD 0.0184 0.1075 0.0184 0.0838 0.0569
CVM 0.0391 0.1931 0.0138 0.2237 0.0411
n =500
E¢O 0.0037 0.0142 0.0025 0.0106 0.0080
EKK 0.0181 0.1999 0.0198 0.1038 0.0482
AEKK 0.0088 0.0557 0.0075 0.0371 0.0193
AD 0.0077 0.0569 0.0074 0.0367 0.0186
CVM 0.0171 0.0747 0.0034 0.0756 0.0127
¢izelge 3 deki yan |dwj_eralrearmena ebak &7d éji éan dG
par ametr el e+piaria-men rke¢sO® vie in i se AEKK met odu

¢izelge 4 deki HKO dejerlerine bakeéldéejénda
sonucu ECO y°nteminin verdii§.i gor ¢l megktgr .

4 . GENEL DEJERLENDKRME VE SONUC¢LAR

Bu- al ekxkmada, bek parametreld:] NLW daj él eme el
tahmin y°ntemleri incelenmiktir. E¢O, EKK, A
ediciler teorik olarak el de edi |l miéekpiar amikonmE
dejerleri ve °rneklem b¢gyeéekl ¢kl eri altenda p
El de edilen bulgulara g°re, yan dejerleri a
-ékteje ge°re¢l mgpagameti e €l pgrametted d EV MpveE ¢ O,
parametrel er.i i -in ise AEKK y°nteminin daha
ise| ve_parametrelerinde CVM, ve] par amet r e | -eparametlesindeEise QEKK
y°ntemi °ne -ékméxkter.

HKO kriterine g°re yapeéel an dejerl endirmel et

y°nteminin dijer tahmin edicilere kéyasl a da
2 ve Cizelge 4kl 8uHKI@Qra-mgs @reckdn ECO met odunt
ve g¢é¢venilir bir tahmin y°ntemi ol dujunu g°s
Sonu- ol ar ak, NLW daj él eéménén parametri k tah
avantajlar sunduj u, anc akt¢ @eynent gpreirmior mane| |
ortalamasé °I|-¢t¢nde °ne -éktéjée s°ylenebildi
y°ntemlerine e k ol ar ak farkl é t ahmin edi c
uygul amal aréeyl a y°attemmasge?aelil mpkbheditest
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¥ZET
Bu -al ékxmada, klinik, antropometrik ve biyok
Sendr omu (PCOS) varl éjahgor i mankail me € y°l jar e rsrae
ama-|l anmexktér . Keral a/ Hindi standdaki on mer k
czerinde |l ojistik regresyon, kar ar -eam] ya&,e nr a
komku ve Light GBM aanlngéokrtiétrma | Vae réi |ueyrgdue Kk i eks
t amaml anmeéxk, kategorik deji kkenl er kil k
standardi zasyon yapél mékter. Model | er doj r
dejerlendiril mi ktarenaKgruel danight @8 Ms vreu Glr adi
en y¢ksek dojruluk dejerlerine ul akméck,; Ligh
klinik a-édan °ne -ékméxter. Bul gul ar , maki r
destekl eyewe gywemnimliamabi | ir bir kar ar ar a
g°stermektedir.
Anahtar Kelimeler : Pol i ki sti k Over Sendr omu, Maki ne ¥

Biyokimya.
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1. Girik ve Literategr

Poli kistik Over Sendromu (P&O&d,endos@kggnt gk
bozukluklardan biridir ve kronik anovulasyon, hiperandrojenizm ve polikistik over morfolojisi

il e karakterizedir [ 2] . Hastal ék yalnézca ¢
kardiyovask¢l er vekidseiykeol o-joikk ysCanjll¢ejhbei rd ak leitn
PCOSO6un g°r ¢l me séklipléeafasé&@héatoe]j ummaktda @&
Rotterdam kriterl eri (2003) en yaygeén kull a
uygul anmasré daoabw-rlaaruév,a ul trason bul gul arée ve
bajl e ol dujundan, tanéda °znel dejerl endi
go°r ¢l mektedir.

Gé¢negmegzde, b¢yeéek haci mli hasta verileBinin
yakl akéml ar én kKl inik kar ar dest ek sisteml er
hastal ékl arén erken tanésénda yeni ol anakl a
al goritmalar é, heterojen klinik @¥yatrearkgetlaenré
dojrul ujunu arter ma potansiyeline sahiptir.
regresyon, rastgele or man, destek vekt©°r mak

ajlare gibi yo°ntemlerin PCO&S-Is&mevémdder maac¢E

[ 6] . Bununl a birlikte, kull anél an model | er
uygul amaya entegrayon g¢-lexkmektedir [ 7

Bu nedenl e, b u -al ékmada - ok mer kezl i bir
antropomeir k Ve bi yoki myasal g°stergeler czeri
senéflandér él masé ama-|lanméxkteér. ¢al ékma kap
(lojistik regresyon, karar ajacen yasktgelke me

ve Li ght GBM) performansl ar é kar kel akiA8C el me Kk ;

°l -¢tleriyle dejerlendirilmiktir. Ayr éca mo
a-éklanabilirli k analizl eri il e yorukmatkar ak
sunduju ortaya konmuktur . EIl de edi |l en sonu
model |l erinin K1 inik verilerle be¢tenl eki k bi
czelli kle erken tane, ri sk seéneéerfillamedsé rnnidaes € nv

bir potansiyele sahip oldujunu g°stermektedi
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2.Materyal ve Metot

2.1. Dataseti

Bu -al é&kma, Kerala/Hindistanoddaki 10 merkezd
yeéereéet el megktgr [ 1] . KKi dosya | nMnewC@&S _ dat a
PCOS _infertility.csv) hast a dosya numar as €
demografi k/ antropometri k (yacxk, kil o, evlIi il il
kell anma, cilt koyul akmas é, z fast#Hood) gelabosakumae s i , S

g°stergel eri AHCE,BPAMHYBS ,- eBenteakt edi r . (Y/ N) a
grubu kélavuzdaki kodlarla (A+=11 ¢é AB1 =18)

yok=0 ol arak taneéml annnédkdtugru.n dSaénn enfe tdra jké leeeméa |

2.2. Algortimalar

Bu -alékmada PCOS6un i kild@ sénéefl andér maseée |
y°ntem kull aneéelidest hayr éméa i sterjattiifm ed ol ac.
gerektitfamdar diszasyon uygul andé vV e basit

(Randomi zedSearchCV) yapel de.

T Lojistik Regresyon (LR): Dojrusal, hezl é
model dir. ¥l -eklenmik veride iyiirmeal eékxeér ;
tercih edilir.

9 Karar Ajaceée (DT): Kurala dayaleée, anl akel e
ol abilir ancak karar manteéjéné g°rsell ekt

T Rastgele Orman (RF): Birden -ok ajaceén bi
g¢ereéelvgeméktda ve °2zelli k °nemlerini -ékarnm

T Gradyan Arteérmalé Aja-lar (GB): Art arda
karmakék °r¢gnte¢glere duyarl edeéer, ©°Jrenme o

T KEn Yakeén Komkut € {eNINI) i: MMaesiatf ebi r y°nt emdi

duyarl edér ve séenéf seénéerlarénén d¢zensi z

==

Light GBM: Beyek/ orta °I1 -ekli ve seyrek °z

boosting k¢t egphanesi dir ;- éhkétzel greayfloa nfames
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Dejerlendirme ©°1-¢tleri: Dojrulukla ©bir
dengesi zIli]i g°z °n¢gne al énarak exi k ay
di kkate al @énméxt er
3. Bulgular
Bu b°l ¢mde k ¢AMEGBS nveriyapésal °czelli kleri
makine °jJrenmesi model |l erinin performans
kekill erde séraséyla kategorik ve sayésal
vapesé, modellerin dojruluk karkél akt eér ma
Her g°rselin ardeéendan teknik ve klinik a-
s¢recine olasé katkélare tartéekeél mékter
Target 0 Pregnant(Y/N)
e §r
0 Weight gain({Y/N} hair growth(Y/N)
g 5 20
Skin darkening (Y/N) Blood Group
i
Reg.Exercise(Y/N) Pimples(Y/N)
glﬂﬂ EISH
Hair loss(Y/N) Fast food (Y/N)
glsn g““
Hedef (PCOS var=1/yok=0), Gebelik (E/H), Kilo artéxke ar(1818Y) ,
D¢zenldii egzersiz (E/H), Siviolode t(¢EK/eH)i miSA-E/dH k¢l mesi (E/H),
k e k iKateg@rikd ej i k kenl erin frekans daj
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¢al ekmada kull anélan kategorik dejikkenlerin

Hedef dejikken (PCOS) séneéefé dengesizdir; P (
keyasla daha ykkilsgeklitarén Bedneltisé&akl éj e 1 ncel
(hirsutizm), cilt koyul akmasé, sa- d°%k¢l mesi
dej er bir kesméenda g°r ¢l dej ¢ d¢zenld i egzer
izlenmekted r . Kan grubu daj el é kodl anmék dejer

meé
oO+=15, Oi =16, AB+=17, AB1=18) arasénda yayeél

Age (yrs) Distribution Weight (Kg) Distribution

&

]
85 & B

Frequency
5]
Frequency

=1

a B
- B

20 5 30 ES 40 45

0 80 90 100
Age (yrs) Weight (Kg)

Marraige Status (Yrs) Distribution

Frequency
B 5 B8 8

=

= B

Marraige Status (¥rs)

kekiSlay®2sal dejikkenlerin histogramlaré: Ya

dajel.eml ar é

Aritmetik daj él eml ar kekil 20de goesteril miktir.
toplanmaktaveortg st 20061 i yaklara dojru yojunl akmakt
50017 0 kg aral ejéenda yéej] él ma var ken daha y ¢ k
g°egnmektedir. EvIiilik s¢gresi ( y#ELl0) ydkd] ealréamés ]
yer al makt a, daha uzun s¢reler seyrektir.

(standardi zasyon) ve gerekirse akeérleeru-(l°ar.é

medyan, Il QR temel | i sénéerl andér ma/ winsori zi
hi stogramlar toplam °rneklem i-indir; PCOS
ilerleyen b°l ¢mde istatistiksel olarak incel
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harita

y Ek ane k
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d¢zeyl i ilikkiler yaygéndeéer; b

Baualdutraabmnldcojmodel | er de
nden °zellik se-imi (°r.
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°] - enr ggelsetrei n  (°r . antropometri k °1l-¢ler vey
hareket et mesi bekl enen bir sonu-tur

Accuracy of Different Classifier Models

100

3

9% of Accuracy

&

Classifier Models

kekiSlen®fl andéréecélarén ejitim verilerini
Model l erin ejitim verilene karkél aktér mal & ¢
ejilim, boosting tabanleé yakl akéemlarén (°zel
dojruluk d¢zeylerine ul akteéejéene, RandBm For e

~

Yakén Komku (KNN)O&nun orta d¢gzeyde seyretti]
verdijini g°stermektedir. Bu tabla, k ulolpd rud lud

aja- ya da wuzakl ek tabanl é modell ere g°re da
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kekiTles@. setinde alté modelin kar ékée|

Toplam dojrulukta Light GBMi gkt GBKRIdi gahl Brors¢e
-ok azaltarak (FN=10) en y¢ksek duyarl el ej a

°nceli kler a-éséndan kritiktir. Random Fores
(FP d¢kek), anchBk trelclad,] maHaiy emadieel. se-i mi n
F1, ROCAUC ve klinik maliyete duyarl é exkik aya
gesterir. PCOS olup Ayokod olarak seénéflanan

ri skiniu aretdeerndre. LB ght GBM gi bi recall 6é& y¢kse

eKiji duyarl el éjé& arteéracak kekilde yeniden
daha fazla i1ileri tetkik anl aména geel ibru; yRakn,d
azaltabilir. Kl i wizkg¢bajghkanmdargesy ar Ineelré&ke zi n
amacéna g°re belirlenmelidir

4. Sonu-

Bu -al ékma, -0k merkezli bir PCOS veri k ¢ me

gePstergeler kK ulvliaarn/éyloakr alki -PO@Snéduen s énéfl ande
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Ger-eklexktirilen analizlerde, topluluk temel

Boosting) dojruluk ve duyarl el ek a-éeéséndan Kk

KNN) g8tregen performans sergiledif§]i gor ¢l mgkt ¢
negatiflerin (tané konul amayan ol gul ar) aza
tercih edil mesinin klinik a-édan dahmaemiygun
temel | i a-éklanabilirlik analizleri, hor mon
PCOS riskini belirl emede °ne -éktéjeéné orta
y°nteml eri PCOS6un erken tanéseéealdaethlikli iml br
ol arak dejerlendirilmektedir. Gel ecekte dah
model |l erl e yapélacak -al ékmalar hem taneésal
tedavi pl anl amal aréna katké sajlayabilir.
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Bu -al ékmadaieohniemabolksail leenhi stopatol oj ik me
benigimal i gn ayreméBv-tab&hfécbent Nerin °7Jrenmi
BreaKHi s veri k¢ mes.i ( 8724 0 Midassyt¢at, me® e1 09 ka? i
gereé¢nte¢gler yeniden °| -eklendirilmik ve norm
amaceyla d°ndg¢r me, yatay ayna ve yakenl akt
dengesizI| i]Ji yalnézca enéni moamamas emadaylaa ¢
| mageNet ¢cezjeirtiinndlei Hf f gevdas Netakt ar él mék, t
sénéefl andér ma I -1 n Czellexktiril mik,; ki ak
zamanl|l ayécésé il e 5l0miekptoikr .ejTietsitm kgéenme-seiknl deek t |
mal i gn=530) el de edilen konfg¢gzyon matri si TN
%92. 046t ¢r . Mal i gn séneéf I - | pskod 3693299; dendele k %9 :
dojrul uk %91. 53 rol a¥rfake nhhmees aeglranméekit,é dojrul ar
é

sonrasénda kararl é& bi-imde plato -Bapheneénaeéko
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°l - ekl i mor f ol oj ik i pu-1laréné et ki | bi -1 m

sénéefl andeéeknadcejnrdual wk, ke duyarl el ek sajl adéj

i -1n eki k/ ol aséel ék kal i brasyohaké rdcenjkr ubam
°neri |l mektedir.
Anahtar Kelimeler : BreaKHis, EfficientNeB 7, hi st opatol oj i, ememe Kk:

transfer °Jrenme.

1. Giri k ve Literategr

Meme kanseri d¢gnyada kadénl arda en igedaki g°r ¢ |
s¢recinde histopatolojik inceleme alteén stan
cam preparabli ar @dej mr keosk o mesi zaman al éce,

arasé boyama/tarama farkl él ekl aréndan et kil

OT r

(¢

nme tabanlé yaklakémlar, bu séeneéerl el ekl
t akéemaktla&d .

Bu -al ékmada kull anél an BreaKHi s ver.i k¢ mesi
temor ¢ goor dhQQis) nic- € 4@dsi, benign/ malign sén
nedeniyle |literat¢rde karmghbaent eemarandépedhb
Ver i k¢mesinin -ok °1 -ekli y apésl -w& | $ é rdéofk
i pu-l aréné yakal ayabil mesini ve genell eme ya

Er ken d°nem - al &k macraarfdtae dg | 6 °ry dopué issadistikierh @ n d

LBP/GLCM, renk momentledve gel eneksel sénéflandéereéecél ar
bu yakl akémlar, ©°zellik tasaréemée ve °|-ek ba
bakaré sergil emiktirvr[iddi.mlISionsiarkiir déjnleanrdée (d@
uca °zellik ©°Jreni mi sayesinde belirgin pertf

il e I mageNeet] i¢ggziemliindm® nfar i | erin (Al exNet, VGC
DenseNet, MobileNet) BredKi s e uyarl anmasé iyaygéBuhoOakégm
-ojunda dojruluklarén %906én ¢zerine -ékteéj

farkl el ekl aré karkésénda genell eme % karar|l
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2.Materyal ve Metot

2.1. Dataseti

Bu -al ékmada, meme t¢mer ¢ histopatoloji k g
kull anél méktéer [3]. Veri k¢gmesi, 82 hastadan
olup 4 farkleée be¢yetone, d4a@ly) nkags®maktldddr, . 2

piksel, RGB (3kanal),®i t, PNG f or mat éndadeéer. Séneéef daj e

°rnekten olukur. Benign sénéfé adenosis (A),
adenoma (TA§gf é& mase gducteal carcinoma (DC), [
carcinoma (MC) ve papillary carcinoma (PC) a
BreaKHi s6te dosya adl ar ée; bi yopsi y°ntemi , !
kodl ayacak bi - isnadjeldainran¢ aHoélkdnsa.dcas,v dosyaseée Kkt
-%z¢mlenmik; dosya adlaréndan séenéef (benign/
Téem glrent ¢l er tek bir -aléxkma dizininde bir
yapeElsiekt urul muk ve kekil ladde verilmicktir
Training set Validation set Test set
500
4000 500
400
400
3000
o = 300 o
= E £ 300
S 2000 it 8
1000 100. 100
0 0 0
1 0 1
class class class
a)
Training set Validation set Test set

500
4000

400

3000
300

count
count

2000
200

1000 100

1

class

class

kekid°rl.nt ¢l ere ait ejitim, dojrulama ve test



Ver i bol ¢tl eme. Ver i, tekrarlanabilirl ik i -1

bi-imde ayreél méktér: ©°nce %10 test, kal an Ve
dojrul ama / %10 test). Ejitimj]setmnaklkimase
kull anél mak ¢zere azénlék sénéfénén -ojalteé
dengel enmik ve Tablo 1bdde verilmicktir.
¥ni Kl eme ve arter ma. Téem glreéent ¢l er model gi
aral ejéema aedr mamil kKt ir. AKéré uyumu azaltmak
ejitimde Ku ver.i arterma i klemleri kul |l anélr
kadar yakénl akt é&r ma. Dojrul ama ve test K ¢ me
nomal i zasyon uygul anméxtér .

Not: Be¢ye¢etme katsayéelare (401, 1001, 2001, 4
tek bir model ejitil mik; tem begyeéetmel er ayn

©zg¢ mModel-gerevelyaninméxrliielteirileebigl i r .

2.2. EfficientNetB7 Tabanl & Sénéfl andeér ma

Bu -al ékmada transfer °7-Benmé mgaksiak &mé y laa €
EfficientNet ailesi, bil ekik ©°I-ekl eme (comg
-%z¢npel Bjeli kte °1 -eklendirerek parametre v
Mi mar i kur gu. tf. keras. applicati on-s] istgirmlimy
(pretrained) B7 g°vdesi aktarel mek, en ¢st K

ekl enmi Ktir:

1 GlobalAveragePooling2D

9 Dropout (p & 0.4) ile d¢gzenlilexktirme
T Yojun (Dense) 1 n°ron, sigmoid aktivasyon
Girik -°2z¢negrl ¢] ¢ ve yéjén boyutu. GPU bell e

600 px araléeéjeéendae swarnsgany &l ddemleyd &k i 3n8 @ld380

batch boyutu donanéma °re avarl anméxkter.
y g y
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Kayép, iyilexxtirici ve zamantampyodayeéepKiyohl
Adam tercih edilmik ve basamh&t @ BirehMmelpra

Akaj édaki i ki akamalé ince ayar stratejisi i

1. Dondur ma akamaBs7é :g °Bvfdfeiscii ednotnNdeutr ul ar ak yal i

kat manl ar ejitilir (ésénma).

2. Knce ayar: Go°vdenin ¢stvel diehard¢ckatte meglie
orané ile birlikte t¢gm aj birlikte ejitil

Ejitim ve durdurma. Ejitim 450 epoch ol arak
dojrul ama bakarémé veren anl ek kopya sakl an
°nl ennMikrtrioor,.edStr at egyGPRJul d asmréil md & k d ajoktl ark

etkinlexktirilmicktir

Dejerl endir me. Test k¢mesinde dojrul uk ( Ac
(Recall/Sensitivity), Kesinlik (Precision), Fkkoruve ROGAUC r apor | aknimék ;0 .kbar

al énarak kareéekekl ék matri si cretil mi ktir

3. Bulgular

Bu b°l ¢ mde, BreaKHi s ver-B7ik gldeedilen nigekvemitein d e E

perfor mans sonu-1|are sunul maktadeéer . ¥ncel ik
metriklerisémafdemaal € duyarl el ék, kesinlik
di nami kIl er i kekil 30t e, sénéfl ama davraneéekeée
°rnek model -éktelareée ise kekil 50nmi g°seer
klinik a-édan kritik yanleéexkx sénéfl amal ar keées
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kekiBr eaKHi s veri k¢mesinden temsili me me h

Malignant

Téem °rnekler H&E boyal é idD0p) famkhambérgy gt md

veril mi ktir. . Panel , séneéfl ar a¢grzaesrée vrea sst &gre
se-il mk g°r¢nteglerin ézgara halinde sunumu:
mi mari, belirgin stromal sénérlar ve homoj en

dé¢zensi z/ infil tr aisitoplaznykorarg plemmoyfizmave sohdéknbrifarng k | e e r
n

paternler belirgindir. Renk tonlaré ve doku
farkl el ekl arénén etkisini yansétarak ejiti md
yakeénl akt éer maksiymitmiyniayinkwar ggtereder . Bu - ok ¢
EfficientNetB7 0 ni n bil eki k-°1°1elelkil etmeelilliek |-eorki et ki
nedeniyle se-imini destekl emekt e; °czelli kle
azale |l masé i -in exi k/ ke&lzighr aasnyad n zv ee ra I na s°én ebnyj yn¢e
Training and Validation Accuracy Training and Validation Loss
0.6 —— Training Loss
0.90 —— Validation Loss
0.85 05
0.80 0.4
0.75
0.3
0.70 —— Training Accuracy
—— Validation Accuracy 0.2
0 10 20 30 40 50 0 10 20 30 40 50
k e k iEFficieBtNetB7 model inin ejitim ve dojrulam
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SVl

%

¥
)
g

EfficientNetB 7 model i nin 50 epok boyunca izl enen
g°stetikrmi KI k ~10 epokta héezl é& yakénsama g°r
d¢e¢kéekegyl e dojrulama dojruluju kal écé bi-i mde
dojrul ama dojruluju %90 ci vVvadgléeanld ab ki lau la ksgangar
uyuma i kKaret etmektedir. Dojrul ama kaybéndak
s¢rede s°negmlenmi Ktior . Ejriler, model in kara
i -1 "M4635epok aral éjénén uygun ol abil ecejini

Confusion Matrix (Accuracy: 92.04%)

400
benign 235
= 300
£
200
malignant - 37
100
benlign malignant —
Predicted label
k e k iEfficieaAtNetB7 model i nin test verilerine ai
EfficientNetB7 model i nin test verilerine ait konf
EfficientNetB7 model i nin test verilerinesamnéf kamfi 2
dojru/yanl éx sénéfl ama sayél ar e TN=235, FP:
%92. 046t ¢r. Malign séneéef i-in duyarl-gkérek (Re
%9 3. 99; benign sénéf i-in °vagrlldk kp @i0t.i0f4 sod
benign ol gul arén gereksiz alarma vyol a-an Kk
daha kritik ka-éeérélan malign olgularé temsi/l

dojruluk %91.5386te.gSenharl bmi kekr |
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Prediction Vs Actual Result
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100 100
kekiRRasd.gel e 10 meme kanseri verisine ait
Rastgel e se-il mik 10 hi stopatol oj ik °rneje

eti ketlerinin karkélaktérmaseée]jupgp°mbdeil emr ai
dojru sénéflanméexkteér (dojru pozitif). N¢ kil e
stromal i nvazyon gi bi atipi bul gul ar énén n
gesteril miktir. Bu panel ,i knoidged -i Inarman @ gya kaln
°rnekl er; tamamlayéceée ol ar ak, yanl ék seéeneéefl e

artérma stratejilerinin iyilexktirilmesine éxk
4 . Sonu-

Bu -al ékmada, BreaKHi s |Iviegti o pkatnoelsajnidke kg ° r- ¢orki
t ¢ mer ¢ sénéfl andéerBnftas€&abianilne Bfifri caknhaNem °©°
sunul mukt ur -i KUyegmel avnea nv e€°rni arterma adéemlar éy
%92. 04 dojrul uk saj |l aPme2k6t,e rF N=T3P/94.9 3Ma | Ti Ng=n2 3s5€,
%93.02, kesinlik %94.99ve Ak oru %93. 99 el de edi |l mi k; Sén
dengeli dojruluk %91.5306t¢r. ¥jJrenme dinamiKk
Kekil de yakénsadeiféenBubgelar me&E boyal é& his
°Jrenme temelli yakl akémlareén patol oji i K ak

°©zellikle malign olgularén yakalanmaseénda
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Bununla birl kt e, yanl éx negati fl erin (n=37; %6 .
ekKijin/kalibrasyonun klinik hedefe g°re ayar
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HAQ DAJILIMI KE¢KN EN ¢OK OLABKLKRLKK TAHMKN
K! ME ¥RNEKLEMESKNE DAYALI ETKKNLKK DEJERL
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¥ZET

¥rnekl eme y°ntemleri, parametre tahmini sg¢re
°neml i bi r¥ zelllei kslachi plt-igm¢egn maliyetl i, zaman
séralama i1ikleminin ©°1]-¢me keyasla daha kol
-ékmaktadér. Bu bajlamda, Séralé K¢gme ¥rnekl

(BT¥) ycldtteminmd i f ol arak parametre tahminler

tekni ktir. Bu -al ékmada, Haq daj él éménén par
y°nt emi kull anél ar ak RSS tasarémé alténda
y°nteminin sajladéjé séralama bilgisinin Hagq

dejerl endirmektir.

Bu ama- dojrultusunda, kapsamlé bir Monte Cc¢

Farkl é& °rneklem bdyzkybklreral vendarat ammi n ¢

kare ortalamaseé kriterleri a-éséndan perform
temel | i tahminlerin BT¥0e kéyasla daha d¢kg¢k
dol aydkeashay lvaer i mli sonu-Ilar ¢rettijini g°ster
Bu -al eékma, Haq dajél éménén istatistiksel |

kazandérmakta ve RSS y°nteminin karmakeék da

etkinlijini ortaya koymaktader.

Anahtar Kelimeler: Haq Daj él eémé, Séral e K¢gme ¥rnekl em

Parametre Tahmini.
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1. GKRKK

YakKam S¢gresi verilerinin modell enmesi ve ana
finans ve sajl ék bil ianlaenrdia glinbeiml bi rb-iork auryagkt
Zamanl a ger-eklexken ol aylarén (°rnejin bir s
veya bir Sréneén kull anéem °mry¢) dojru bi - i mc
geveni b ir i hem dekkatajisgreskEadian b¢ye¢k
i -eren doj al s¢re-lerin davranéxl aréné anl an
a-éklayabil mek i-in uygun ol asél ék daj el éml
kl asilkemlajré genellikle g°zlemlienehl| viekrel ear

r

n

g

(¢

o 9 @

aj Kkuyruk yapésé ve deijyeterinoe temdl edenhemdkiediror an é
Bu edenl e araktérmaceéel ar, gel myaakdaalesneka] € |
vV e ¢-1 ¢ modell eme kabiliyetine sahip yeni d

Bu ojrul tuda, yakam s¢resi verilerinin mod
daj el eml ar é gi bi standart o lealsleelkétki r d & mé K & nhl
l'iterate¢rde -exki tli alanl arda uygul anméexteéer .
orane gi bi yapésal avantajl ar é, arakter macé
etmi kKtir. Bu - al &k ndaaljarl eanréa s(eéSnedna vxeg aanrnk . [ 1]
bi-imlerde genellexktirilmik versiyonlare ©°ne
s¢resiooverilerini model | emede «gammakweighted s aj | a
Xgamma, inverse xgamamve unitex g a mma gi b bir-ok te¢greviyle
ol asél ek dajel éme, iki ya da daha fazla bild]i
-al ékmada da, ¢(stel ve xgamma dajél éml ar énén
¥rnekl emesi (SK¥) alténda incelenmixktir.

(o]

o

SK¥ °] -¢m¢g zor mal i yetl veya zaman al éecé
kull anélan etkin bir ©°rnekleme y°ntemidir

inceleme, uzmameddnxkkienl vewyg kisleki Ikior el asyona
yardémeéeyla séralama yapeéelabilir. RSS il k ol e
eréeén miktaréné tahmin etmek amaceéeyl a, Basit
ol arakktmeri Tmkahashi ve Wakimoto [ 3] SK¥0ni
bu y°ntemin alténda el de edil en yeéj] én ort
g°stermiklerdir. Dell ve Clutter [4] inse, seé
edicinin BT¥0ye g°re daha etkin sonu-1I|ar ver

SK¥ y°nt emi nde birimlerin séral amasé g°rse

dayaneél arak yapéldéejéendan, S é r a Imadifileasydnkmrt a s é n é
gel i ktiril miktir. Bu modi fikasyonl ardan il ki
Séralée K¢gme ¥rnekl emesi (ESK¥) y°ntemidir. [

¥rnekl emesi ( MS KSdlgh ve Alhhadranmnf7lnise Mo Ahg Extr eme S
K¢me ¥rnekl emesi (MESK¥) y°ntemini -®mdrii kti rn
[ 8] taraféendan Neoteric Séralé K¢gme ¥rnekl er
°neril mik; Taconel | i v e Craiymmualan Ekt&ntled Neoteric b u n u 1
Séralée K¢gme ¥rnekl|l emesi (ENSK¥) ¢zerinde - al
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SK¥ ve modifikasyonl ar é, °czelli kle °1-¢mén
ekoloji, -evre ve teép arakteéermalrne&dgmbbuyypy
bir-ok arakter maceé, SK¥ ve tg¢grevierinin par
¥rnejin, Stokes [10] ki deji kkenl:i nor mal (
incelemiktir. Shaibu ve Muta] akéemiLaténal mahd
ve ESK¥ y°ntemleriyle parametre tahminlerini
dajeleme i1 -in SK¥, MSK¥ ve ESK¥ tasarémlar e
olabilirlik tahminl erli3ni Realyel ealgnmé kdtagjre.| eDvegy iv
altenda hem E¢CO hem de Bayes tahmin ediciler
Leone dajélémé i-in farkle SK¥ tasareémlaré

Zhang ve ark. [15BimbaumSaunder s daj él eménén parametr el

i ncel

emi Kkl erdir. G¢l ve Ko-er [16] Gompert z

alténda el de et mi klerdir.

Bu -al exkmada Hanq daj él emeneéen bilinmeyok pa
olabilirlik y°ntemine dayaleé olarak el de ed
Monte Carl o sim¢lasyon -alékmasé yapeéel méxkter

2. SK¥ TASARI MI VE HAQ DAJI LI Ml

Bu b°l ¢mde SK¥ tasaréménén al gor ertvanlacekiirr ve Ha
2. 1. Séralée K¢gme ¥rnekl emesi

SK¥6de °rnek se-imi akajédaki adéemlar izl ene

T ¥ncelikle, id?gitri maBak,yPatdemiyle se-i ir

f Elde edilenx 2 birim, her birimg © z

i I
| e mden o lmakdaecta kk ¢kmeekyiel drea s ¢
-imde dajéeteéel ér.
i n

bi
T Her k¢me 1 -eri s deki birimler, i1ilgilenil
veya g°rsel dejerlendirme yoluyla k¢-¢okte
T Séral ama t amamlrainmeik tkaghmederr ahi rbi nci Sér a
k¢meden i ki nci mosiénrcaid abiGiir nlonidreisn@yr @ d a k i birin
sérale k¢gme °rneji oluxkturulur.
T AdémrKez tekrarl anarrok ntakpnrezbeaten gR z 1 & mé
birimi se-il:/.
SK¥ il e °rneagkl sie-iimm dikdelnge de g°steril micktd.i
¢izel gki Klen SK¥ ile °rnek se-imi
K¢m( Yé]j éndan se Séral anan g°Z ¥rnefje
birimleri g%zl em
1 & o 8 o Loy B L,
o o~ " ~ Mo 1
2 G My B O g R g MR 4 L ¢
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m © K B (I)QF[I)QFBF!J—‘DD@ J—‘DD@

2.2. HAQ DAJI LI MI

Haq dajél ewmwenanl okatéhkk&i yonu (oyf) ve daj
verildiji gibidir:
Moy — ¢ — — Q0 how m— m (1)
Ow p — 0 8 2)
Haq daj él emenéen farkle parametre dejerl eri

3. PARAMETRE TAHM

Bu b°l ¢ hdeg
edicileri elde edilecektir.

3. 1.

W8 fd Ha g
il i kkin

00 B 'Qos— B

BT¥Y¥ Al téenda

KNK

daj él éméneén

E¢O Tah mi
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G- CEOED CEaépQ— B aEQ — — B O, (4)

* - — B ——— B . (5)

Keklinde—pbhdamedréesrnin E¢CO tahmin edicisi,

S

T, ol arak el de edilir. El de edilen exit
denklem sistemi Nelddle ad opti mi zasyon y°ntemi il e -9°z¢

3.2. SK¥ Alténda EC¢CO Tahmini
Wgq ,j0ni ncide Hhndg] €l € mé mibayntlui@hénan KWomadekiseéer
i statisti] iQ pbBIhs vel) phBfudrdaimkac me b¢y gkkkf arveayeé
ol mak gz tlage-daj el eméemdmame ywd kklnajngnde seéral é k¢
ol uktyrami.n oyf akajeédaki gibi yazelér,;
A

Q Wq A A

Olabilirlik fonksiyonu,
0 —gb d b b Q q W d ) (7)

Keklindediol aBbudadarn olnkgi yonu Exk. (8) deki g

a— ai a& c¢ai a& ¢cai ag — B B aé&g — —

-8B B w (8)

g — — B B — B B w m (9)

Kekl inde el dev e—d—iA—AI—i—Arb.i-iBmiradadir. Lineer 0
sistemlerinin analitik y°ntemlerle -°z¢:m¢ ¢

-al ekxmada JMeadioptim zNeeslydoenr al gor i t masé yardéemeyl
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4. GENEL DEJERLENDKRME VE SONU¢LAR

Bu bel ¢ mde, Ha q daj el eméneén parametreler n
yakl akémlaréna dayal e ECO tahm n azmaceéeylea r
kapsamlé& b r Monte Carlo s m¢lasyon anal z
et k ] yan ve HKO kr terler czer

b¢e¢yekl ¢kl oer ve parametre KKrombDenswyoell atr s ar
b¢yeéeklngkller 2 4, 36 ve 48 ol arak bel rienm
paramet+es 0.5, 1.0, 1. ve 2.0 ol mak ¢zere
-n RSS tasartéimeakambamansganl-axé d kkate
senaryo - n tahm n Kl em 1000 tekrarle
tekr ademepadrmrambetes |l e@aeg®re Haq daj él emeén
ardén3lany°Rntem ne dayalé °rnekl eme uygul anmé
S m¢lasyonl arén tamamé MATI AmB nede aamlohard at nhaaszé

yeéeret el megktgr.

El de3 &Gtde | wear

slom uk tl arr.

HKO dejerler

¢

HKO dejerler

Ci zel-ga®Rar ametresi i -in yan ve

N SRS RSS
Yan HKO m;r OWWE ‘Ov U
3*4 0.0344 0.0287
12 0.0357 0.0297 4*3 0.0339 0.0280
6*2 0.0334 0.0275
3*8 0.0122 0.0092
24 0.0128 0.0094 4*6 0.0106 0.0090
6*4 0.0097 0.0086
3*12 0.0054 0.0056
36 0.0057 0.0059 4*9 0.0053 0.0055
6*6 0.0052 0.0054
3*16 0.0023 0.0034
48 0.0025 0.0039 4*12 0.0021 0.0033
6*8 0.0019 0.0032

Ci zelgpdPBar ametresi i -in yan ve

N SRS RSS
Yan HKO m;r OWE ‘00 0
3*4 0.1640 0.3319
12 0.1738 0.3656 4*3 0.1616 0.3261
6*2 0.1598 0.3215
3*8 0.0732 0.1028
24 0.0750 0.1182 4*6 0.0726 0.1015
6*4 0.0711 0.1008
3*12 0.0440 0.0631
36 0.0489 0.0713 4*9 0.0433 0.0614
6*6 0.0417 0.0603
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3*16 0.0408 0.0425
48 0.0364 0.0504 4*12 0.0397 0.0411
6*8 0.0389 0.0402
El de edil en sonu-Ilara bakeél déj énda;
T ¥rnek -apée artték-a yan ve HKO dejerlerin
tahmin edicilerin tutarl é ol dujunu g°ster
T Yan dejerl eri neghbadé@lud @maindasri - dijer tg¢n
kombi nasy emlhani enncai cimnidedjaeral edr¢gikngek syaahi pt
1 HKO dejerlerine bmieékdie]renmdu,hariin-e dijer
par ametr e kombtianharsiyno neldaircéinsda daha d¢kg¢k HI
T ¥rneklem y°ntemlerine bakéldéjénda i se ge
dejerlerine sahip y°ntem HSK¥ y°ntemidir

izlemektedir.
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¥ZET

Ger - ek veri k¢mel erinion dojru bi-i mde anal
m¢hendi sl i k, froansaygel amal @i bi |l bbmral anénda
Doj al s¢re-lerdeki rasgelelik ve belirsizli]
farkl e bi-imlerde ortaya -ékmaséna neden ol
yakam sdreediar@ajlPeaeml.i bir ara-teéer. Ancak, n
g°zl emlenen verilerin davranékéneée yeterince

yeni, daha esnek dajéeléem aileleri gelixktirme
Bu -al ékmadam tDanidj°in ¢ dk-Wel boél a( &dW) DA8 I & yer
°neri |l mi ktir. DUS tekniji, ek parametre ger
a-éséndan avantajle yeni daj el eml ar cret mey
i statistli&mciel ayrzentt @lké ol arak incelenmik; d
fonksiyonu, basékl ek ve -arpekl ek katsayel ar
Ayréca, DW dajél éména ait bilinmeyen par amet
dejflendiril mik vV e b u y°ntemlerin perfor man
aracel ejéeyla karkélaktereéel méxkteér . Sim¢gl asyor
a-éséndan g¢venilir ve esnek bir yapwegmundulj
teknijine dayaleée yeni daj él emlarén yakam Vv
g°stererek |iterate¢re °nemli bir katké sajl a
Anahtar Kelimeler: DUSWe b i ul | Daj él émeé, Monte Carl o Si.i

Tahmini, Momentler.
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Kstatistik, m¢hendi sl ik, tép ve finans gi bi
dojru bi-imde analiz edil mesi ve model | enmes
rastl ant ésall ek nedemnviryalne kd iag tee mlkeernidn b o zsuell n
ol arak farkleéelék g°sterebilir. Bu t¢r bozuln
a-éklanabilir. Bu dojrultuda, I|iteratg¢rde ge
daj él eéimémi®°rntdarr (Sharma ve ark., [1]) . Anc alk
g°zl emlenen verileri yeterli d¢zeyde temsil

Arakteéermacél ar bu yetersizlifji gi der mek amac
dajelem gieleéekeirme y°n¢gnde °nemli -abal ar

Wei bul |, Gamma, Rayl eigh ve Pareto gibi daj ¢
aréza oranlarénée modell emede seéekl ékl &ekul | an
bu dajél émlarén bazélarée yalnézca monoton ve
a-éklayabildijinden, prati k uygul amal arda es

[3]).

Standart daj él eml ar én bahat ¢esnkeéks ev ¢ ark@a,ps am

geli ktirmeye y°nlendirmixktir [3]. Bir daj el ¢
tekni kleriyle genikletil mesi, daj el emén esne
' iterate¢rde - exiéetnmliarge ngeellliekkttiirrimemiywaklrak ¥r n
°] - ek parametresi ekl eyer ek Kumar as wamy ge
Srivastava [ 5] .- parametreld] genel |l extirilr
Gupta ve ark., [6] Lehmann Tip daj él émé ol arak Dbilinen gence
Nadarajah ve Kotz [7] genellextiril mik Gamma
ar k., [ 8] I se i ki °] -ek parametresi ekl eyer
Buckley[ 9 ] taraféndan geliktirilen Quadratic Ra
parametre ekl emeye dayalé bir d°P°n¢gkem teknilf]
y°ntem son yéllarda yojun bi-imde incelenm
t ¢triel mi Kt i r . ¥rnejin, Aryal ve Tsokos [10] t
Tsokos [ 11] transmuted Wei bull daj el eméneé,
Merovci ve Puka [13] transmuted Parmmuedda] él

Frechet dajéel éméné °nermi kKtir.

Téem bu denégkegm tekni klerinin ortak y°ng, y e
esnekl i7Ji arteérmal ar édér . Ancak bu durum mo
bir deyi «kl e, e ke praeg lalmiejt ir reil eg e Imodteil ri inr k e n, ay
ve -éekarem s¢re-lerinde zorlukl ara neden ol a
Bu bajlamda Kumar ve ar k., [ 15], DUS (Distri
par ametr e ie-sarpmheayan sv,a elci ni sadel ektiren bir
y°nt em, t emel daj el emé koruyarak esneklifji i
bi-imlerini ( monwe loinl, | larvkan) kamdaynabiUl en ye
elde et meyi m¢emke¢en kél maktader . Benzer bir yak
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d°n¢kem adée verilen farkle bir tekni kl e yen
Maurya ve ar k., [ 17], [ 15] DUS ybmntremi®mi;,Kg en
y°ntemi geliktirmiktir.

Bu -al ékmada, [15] taraféndan °naMeibull@®W) DUS d
daj él eméné ©°neril miktir. ¥nerilen daj él eémén
moment ¢reten veéqgiabititemébnkst goinstarksel ©°.
DW daj él eménén parametrel eri i -in En ¢ok Ol a
edi | mi k; bu tahmin edicilerin performansl ar e

alteomndiae MCarl o sim¢gl asyonl aré kull anél arak Kk

2. DUS D¥N!k!M TEKNKJK VE DW DAJI LI Ml

2.1. Weibul!l Daj el eémeé
Wei bul | daj él emé il k olarak Waloddi Wei b
model |l emek amacéyla °beati | mida8b)r dawel &mdér

yojunluk fonksiyonu (OYF) ve dajeéelém fonksiy

f(xs [)—ix"‘lexééx baqx 0, b sC (1)
A | Sb péﬁ-éwtsgg ]
& ax
F(xs, 1 -ex
( H= %g&;g (2)
¢
buradd keki | pat @imetekepiarwaemetresi di
2. 2. DUS D°n¢kem Tekni i
[ 15] bazée temel daj el emlaré kullanarak yeni
°ner mi RKweve @ivrsér aséyla temel daj él em ol asél e

dajelem fonksiyonda(eéfgmelnmakf;,ver ef ywamij éda

909 = — 1 (e 3)

e-1

1
G(x)=—e"™@-1 4
(00=——e-1 @
Kumar ve ar k. bu tekniiji DUS d°n¢gkegm tekni
genel l extirme dej il donkrigmdprn Apr @&na& mbu d

dajel emda yer alan parametreler dékéenda herh

2.3. DW Dajél éme
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_ 1 w_ 1 b, 33
g(xs, O—Ef(x)é: = s_”x eXpéﬁ'ge;

2 T T T T
beta=1.5
----- beta=2
1.5 ;i beta=3
beta=
x 1 -
0.5~ -
o /. r r r
0 0.5 1 1.5 2 2.5
X
G°rsel 1.

z e parametr e

akaj eda

DWW d&an éfl @rméiné ndej er |l eri

veril diiji

2. 4. DW Dajél eménén Moment |
DW dajn&iné m® ment i akaj eda
"o 1 b ., dax 0 a axg” @
E(X")=fX —— X "expma— ¢ @xmel exp
( ) o e-1s? é£95+§€e éﬁ_? Eg
DW daj éd émememt i ni kull anar ak
es Al 0
EX:—élef]:Ir
()e-l Qb g
es?8 42 .8 e , 14 ¢
V(X)=— i3 — 1T
(%) e-17 ¢b : el éée e
= (-1)" 1 ] ]
Buradag =T,ol ar ak anéeml ané

o ml (1+ m)(r/b)+l
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dejerl eri

bekl enen

(8)

veril difji

n
Baseéekl
gi bidir:

(7)

dej er
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¢tcarpekl ék ve basékl ék katsayélare Exk. (10) v

m E(X°)-3E(X)HX) BHX) ¢E X)

G = ? (§)3/2
des? es es 2es.nt
B.100 %oy By %Ry O
= ¢ : 932 = (10)
aes
%flez &7_ G 08
g:ﬂ _E(X)-4E(X3)E(X) 6 HX)( K X)” 4(E X' (& ¥°
‘st (5)?
=E(X4)-4E(X3)E(X) 6 H X)(E %) 3(E X)°
(s%)°
des’ oy 488 L
%1 1 L
& es? aes 5
@ T2 1 3 1
des 5
%ﬁ_Gsz %; 8 08

2. 5. DW Dajél éménén QuaretkialreanFdmkkisy yrowm uv

Q(p, quantile fonksi YepN=UFN(p egisttlerfjmenkd egnz eV ,d &
guantile fonksiyonu:

Q(p) =F'(p

Q(p):s‘\’/ -In(l In(p(e 1)- 1)) (12)

DW daj él éménén moment -ékaran fonksiyonu axa
() mx L by 8 ax 50 & dxg * @

ng((t)—E(é) =Oné :157£ exp?%e—s 0 Sx%l exp : Egig

3. PARAMETRE TAHMKNK

OB DW daj él emabhidainmiai Enaasgel e °rneklem ol
i li kkin ol-albabiilrilnlki kwef o mlgsi yonl ar é akaj édak
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o s 2 ~ 2 2 b
de 0, .ma”x. 0 a8 g0 arn X& i
L(s, :aee— " s X & expaea 5 BXpag exp 3 (13)
( QQ' - g 9 ?.:1(?;958?4 g (
a 5 n.aX €
InL(s,b)=sbt+nn(b) -nbn( } *+ AN X 5 age)i :
Cis  Ti2GS =
. b = (14)
rdepge o4
e
i=1 %(}598
Ek. (14l dbkliFrbgk fonksiyonun °I -ek ve «keki
ekitlenerek akajéedaki olabilirlik denkl emler
W bn b bh. 8 ax 80,
—= — ex q, 15
Hs s %%)ﬂ §ap§?§_2)§ (15)
W n AR 51,0,
== in(s) w0 x 5—7a(x) In(x)
V1) b Ci=1 = Sia
éo b~60b~ o ~ (16)
. O Y%a ,0 Xa 0
a exp 08—;§|ncj 0= 5
=1 ?C} e - ‘% -
EkK. (15) ve (16)6da verilen iKki ol abilirlik
Ancak bu denkl e-nfl zzgl &kmmegpmd kkt € birrmd aBu nedenl e
sayeésal y°ntemler kullanéel mexkteéer.
4 . GENEL DEJERLENDKRME VE SONU¢LAR
Bu b°l ¢mde, DW dajéel @&ménén parametreler -
tahm n ed ¢ | er n -Gaerrlfoorsmammésllaasryéo nb -ra | Mfoknntaes &
¥rnek & aptodprméml arak se- |Im kKt r.erDaj gsheéemén p e
I T@ip8it8tudio | acak kek | de farklé d¢gzeylerde bel
tekrar yapél méxk, el de ed Il en tahm nler n p
kull anél ar ak kar kél akt &r & Bmépkrtoégrr. af nme gnubaa,s c ¢, |
opt m zasyon algor t masé |l e yapél mékter. El
¢i zelgowp8itgtodipar ametreleri i-in ortalama ve
£ F
b n Ort. HKO Ort. HKO
30 1,058 0,159 0,523 0,007
0,5 50 1,042 0,094 0,515 0,004
100 1,016 0,044 0,507 0,001
10 30 1,015 0,035 1,052 0,030
' 50 1,006 0,020 1,028 0,015
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100 1,002 0,008 1,011 0,009
30 1,002 0,008 2,101 0,121
2.0 50 1,002 0,005 2,060 0,063
100 1,001 0,002 2,028 0,028
30 0,999 0,003 3,142 0,273
3.0 50 1,001 0,002 3,091 0,143
100 1,001 0,001 3,044 0,065
El de edil en sonu-Ilara bakél déj énda;
T ¥rnek -apée artték-a ortalama ve HKO dejer
tahmin edicilerin tutarl é ol dujunu g°ster
T € om-in elde edilen HKO dejerlerinin yg¢ks
tahmin edicisinin oadyaonsé@nger gahecel g¢gka
daj el ma g°sterdijini ortaya koymaktader.
1T ¢ pnim-in elde edilen ortalama dejerlerini
T HKO dejerlerinin her iKki parametre i-in d
azal ma gi°stEe¢et ahmin edicisinin etkinliij
verimlilijini dojrulamaktader.
1T ECO y°ntemi °zellikle orta ve b¢yeéek °rnek
sergilemik, d¢k¢g¢k HKO dejerleriyle yéksek
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MECHANICAL PROPERTIES AND AUXETIC BEHAVIOR OF HONEYCOMB
CORE SANDWICH NANOPLATES
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Depart Menhaaf cal Engineering, Karabuk Un
Eski pazar Vocational School Rail Syste

University, Karabuk, Turkey
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Abstract

This study develops a theoretical mod e | t o
core sandwich naoodédredlseansi chgf i moteiron t heo
strainefbrnatienty, considering thickness stra
modud aen@) and Poi~s3omdoe hatghd y( sensi tve to
At | ower angl es, a gradual —r gadtibhei ehassi obm
sharply increase, and Poissondbs ratio signitf
strong influence of geometri ctrcuoccnfuirgadr apteirofno
The proposed framework offers wusefsulrengshagl
nanostructures, with potenti al applications
composites. Future wor k dwitlilonf cacnuwds tdire eexxp eernis
to dynamic and thermal | oading conditions.

KeywoAdsetic structures; -A&W,; Nwbvinclkoeclal el ast
1. I ntroducti on
Honeycomb cores are widely wutilizedairmoubke

engineering fields due to their remar kabl e
sti ftfemeisght ardwved tgrha h gbthht These cores <can be

di fferent material s, including pol ymer s, me
fiberglass, a[l@amima,hameay Kemhb aconfi gurati on
structur al p e rafdovrammat nacgee,s osfufcehr iamggy hi gh str en.
resistance, | ow density, excellent energy ab
crushingim@lsBecsaese of these features, honey
i netherospace industry, especially in sandwi
fatigue resistance, and ability tplplfovide s

139


mailto:mustafabugday@karabuk.edu.tr

S WUVGU%W
&
§ é

The mechanical behavior of sandweohioanopl At

due to their wide range of applications. I n
honey-comb sandwich nanopl atesr dver eshhemal ydeftdo
theory combined with d osntlroacian g rna deigernatl eell aasstti
for thickness stretching effects-6ABNe almidoc o

ni ckel |l ayer s, demonstrated mechanical resp
advanced aeroslpiacmediecdlnod ®egiess, wearabl e s
nanoel ectromechanical systems.

2. Confi guame pdfattehe

C. D Aa -RAIMANT Nickel)

Honeycomb core

V4N HPN By AN

N a _AAIMXYT Nlinlal)

FiguBSéribctural schematic of the sandwi

Figure l1a illustrates a schematic depiction
1b represents the honeycomb structure used i
FGM | ayexoat dit h'®2t €Q, and it has the honeycorm
coordd n®t €Q, and finally hascotoopddi mM®WM e€Rayer a
The thicker | ayer ®fantdompnandfb d'thteoTohodr afyadlrdsoeir
are the chaobhctterei stoneycomb co-ep. tfiheé BnEe

hexagonal honeycomb auxetic strylf uwbderar & he
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materi al characteristics of the auxetic cor e

can be described as

o AT O o 1
T, OEJOETL °
'Q;ﬁooTp OE+

AT 6 (1

G

Q. e P 1,51 ,08A OAL (11
‘ Alco- .
%< ToEroEl” [oAOA (1
P
I &)ﬁ (1
(I) (
I bﬁ 1
3 (
Her@,h Q ph™@ ¢ch'™Q 0), are Youngés moduli and Poi
Par anfeit elrsngfit:h trhaitdlon e sOsa nidaatrieo .t hAd sYoo,ung' s mo
Poisson's ratio of the honeycomb material. T
defi ned a@sanfdoclolrorvessspond to the inclined rib

respeodtiisvelhye ersishtUampcksents the rib inclinat

2. 1. FGM Face | ayers

In the literature, many distribution functions have been suggested for simulating functionally
graded material structurg&3]. This study specifically examines the applied Voigt model,
which has been thoroughly examined in prior stuflids

Top layer:
5 0 0o O0h o 2P R o o of
Q ¢ (2
Q a Q
Bottom layer:
0 a Gﬁwﬁﬁw%gﬁwmpﬁ (2
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0 4 Q

Here,0 a n{d correspond to the properties of the material at the mietalnd ceramicich
surfaces, respectively, while & represents the effective material property across the entire
thickness. The parametexdenotes the volume fraction of the material at a given surface, and
the powedlaw distribution,r), varies from zero to infinity. Due to the symmetry between the
top and bottom layers, the top layer is composed entirely of ceramic atand entirely of
metal atf Hb(Eq. 2a). Conversely, for the bottom layer, the material is fully metalfic at
mand fully ceramic affy H(Eq. 2b).

To achieve accurate predictions of the structure's behaviors, it is imperative to consider the
impact of temperature. It imperative to consider the effect of temperature to obtain accurate
predictions of the structure's behavior. Material properties (Table 1) can be calculated using a

nonlinear temperature functi¢b4].

0 0 0 °Y p OYOY 07 (3
The attributes of each material are defined by it® ,0,0, & rvalues, which represent
different temperaturéYorders {1, 0, 1, 2, and 3) of the material. In addition, mass density,
" &, is mostly influenced byt and shows little sensitivity to changes in temperature. The

material properties of the FGM and the honeycomb core layer are summarized in Table 1.

TablMatler i al properties of t[hle5,FIG&M and h

Materi P(z) P1 Po P P2 Ps Psoo
" Ed@ 0 4512 0 0 0 4512
TieAdy OOA 0 122.56x 0 0 0 1.05%x1
0 0 0.2884 1. 1x2110 O 0 0.2981
" EW 0 8900 0 0 0 0
Nicke OO0A 0 223.95x -2.79%x 0 0 0
0 0 0.31 0 0 0 0.31
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3. Effect of the honeycomb cell parameters o

Figure 2 presenQ @&andhoef etlhaes tsiacn dwoidcunl ipl at e f o1
parameters as a funct3onAsofshodwniinel Fnguren
inclination angle results in a gradual decr e
approaching zer o, with the pmaxi mumambidadb lusr ,
increases fraemi®t ®Dodddclruassehsee selby approxi mat el

2b il lustrates that, as the inclination angl
for all/l | engt - pehlad metrerwshiwh tao sharp incre:
findings indicate that the elastic moduli ar
with significant reductions —atyxuvJoweghbanghesn
strong influence of geomehavicar eff ftelcd sstomu d
o | $3,=0.2 | | <10 | $3,=0.2
—B=1
8 —B,72| 15!
N 5,4 —~
L 6 381 @
Q 1 Q 1
ha N —B,=1
w W 5=
0.5’ 61:4
— 8,8
L L Ow L L
20 40 60 80 20 40 60 80
0 (degree) 0 (degree)
a) b)

Fi guvaer2zi.ati on of otfhehomaywgo o dludyier dependin

angHaelegree) flor picemAgitgh amd i foor It hing;k nae)lss r a
o,; @)

Figure 3 illustrates~ther vhountdiohf efePbilsasn
function of th®.ihtlisabvbbearaadl ehéat Poi sson
up + xuJ after which it fexhiabilt paa asnedrep sd evé it

in the angle. This behavior suggests that Pc
angle variations within the | ower range, whi
t he strsupcamnusreal chreenges significantly. Such a
dependence of auxetic behavior on geometric
in optimizing mechanical performance for pra
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><104 ,83=0.2

Vo1

1 ! 1 | 1
o] ] B w N

20 30 40 50 60 70 80 90
0 (degree)

FiguWVWar Bati on of otfheh ofoeiyscsoomb rlaatyieaos dependi n

~ v v oA

angHaelegree) flor pikemAgtgh amd i foor Tt himg,knae)ss r a

4. Conclusion

I n this study, a theorn etviesdli gmoeéelt hwaanedédaa
honey-comb sandwi ch nanosheets byor éd emp | osyhiemg
deformation theory integrated with nonl ocal

thickness strai nmoenfsftercattse.d Tthhea tOetashu@ t)es| aadsaet i C
Poissonbd6g mati nighly dependent winth hmot akell & n

observed at | ower angl es— gmwd wherettikcal elt a |t
sharply increase and the Poissonbs ratio drc
rol e of geometric menfauget atci obnehiavi groveamumi
performance, offering valuabl e-sitmeinghths nfamro s
structures. The proposed model and out comes
aerospace, bntosmedardl adwapnaed composite tect
extend this work by incorporating experi men

conditionsscaared mouletdii ng t o further enhance
honey-bambd @auxaeno systems.
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MODELING AND MECHANICAL EVALUATION OF AUXETIC -CORE SMART
SANDWICH PLATES VIA HIGH -ORDER SHEAR DEFORMATION THEORY
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Abstract

This research presents an analytical i nvest
sandwi cthe gptl lartiersg an auxetdiocdeor shkbayedet sr meg
(HSDT) . The outer | ayers of the sandwich st
titanate (BaTi O ) and magnetostrictipéedobal
el ectromechanical responses wunder combi ned
conditions. The core | ayer-eatmainst sauafet met @
providing negative Poissonods alatsitoi fcfhnaersasc taenr
absorption. The study systematically explor
parameters of ©Otwel hukbBtcknassf cel Ioolne it diteh,
gl obal mechani cal perdtog . mahlte @dv drhrei nsga nedgw a

ing Hamil tonds principle, ensuring consi st

d are solved analytically via the Navier
The results cewglailng hef fsadatongbhet ween mechani

d demonstrate how geometric tuning of the
stress distribution, and vibration response
deswignd optimization of multifuntéempaaht amar
harsh operational environments such as aer o:
systems.

Key wé&mést sandwich nanopl amedulAusetPci ssonad

1.l ntroducti on

Auxetic materials represent a distinctive class of materials characterized by a negative Poisson's
ratio, which causes them to expand laterally when stretched and to contract laterally under
longitudinal compressiofll , . TRejr unusual mechanical behavior has attracted considerable
attention, particularly due to enhanced properties such as toughness, resilience, shear resistance,
impact resistance, and the ability to conform to complex shipgd\uxetic materials are
available in multiple forms, including polymers, fibers, yarns, fabrics, and comppsites 5 |

Furthermore, the mechanical performance of auxetic structures has been explored, revealing
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improvements in shear, impact, and bendnegistance[ 6 The development of ultra
lightweight auxetic metanaterials with superior stiffness and strength represents a notable
practical advancement in this afe& |

This research examines smart sandwich plates incorporating auxetic corésctnodetastic

magneto strictive surface layers through a higirder plate theory framework. The mechanical
behavior of the piezomagnetic surface materials is systematically analyzed to establish a precise
and robust model. The results provide valuabiel@nce for the design of advanced aerospace
and electromechanical systems, as well as for applications involving vibration and impact

mitigation under hightemperature conditions.

2. Mathematical formul ati on

The sandwich structure shown in Figure 1 con

metallic auxetic core integrated witabpiezon

and It is sandwiched betweesaatWwowpt bz theck
)

Figure 1. The schematic view of the smart sandwich plate and auxetic cell.

2.1. Auxetic Core Properties,

The sandwich pl atienaoanrdpear acteenssiareratxeni ¢ ma

Poi ssondés ratio in its core |ayer, which pr
subjected to external | oads and deformati ons
to expand d aitteradrdtyramwths lin response to tens
of the auxetic unit cell employed in the cor
angdyei © tht)y ckmessi ca)l, wand il eealghmédd (nwatlhli s s
ni ckel I's chosen as the materi al for [8 he au:
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establish the |Iink between the mass density
and thos[,1@f nickel
OE}
0 © 1 OEH (1
I OAA— OAT—1 pAT 6—
O O ! (2
I OAT— AT & Al 6OER
He rf e, faand ofa Mor eover, Poi ssonbs ratio can

geometric feature100f the auxetic unit cel/l

p T
Al— »p

OE+ 1 OER (3
Al 6—1 1 OA A—
i p OE+
I OE+ 71 OAT—

Tablel. Material properties magnetdectreelastic coefficient§ 1 1 ]

(4

Propert. "A4E #1 &A
o ® "0 A 166 286
@ 162 269.°¢
o ® 78 170. ¢
&) 77 173
@ 43 45. 3
@ 44.556.5
Q #N 4.4 0

Q 18.6 0

Q i 11.6 0

n 0 580. ¢
n 0 699. 7
n 0 550

i pr# T 11.2 0.08

12.6 0. 09:
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NSVl

%
D 4%
]
g

. O 5 590
10 157
Q. Q Q 0 0
” =] 5800 5300

The auxetic core layer used in this study is made of SUS@&dless steel, and its material

properties are listed in Table 2.

TablMat2er i al propertiefladf the Auxeti
Mat eriPropert Pi Po P: P> Ps3
1(kg?hm 0 8166 0 0 0
E(Pa) 0 201.04x 3.079x10-6.534x0
SUS30:9 0 0.3262 2. xad 3.797x 0
U( 1Y 0 12.38%x1(8.086x100 0
y(W/ mK) 0 15.397 ;1,263 x1(2.09%2x 7. 2238%
3. Results and discussion
3. 1. | mpact of Geometrical Parameters of Aux
Conrayer
As seen in Figure 2, a significant increase
rati o increadoe=d.0.Fodrn dvoadllwge s tohfe i ncreasing t
l ogar it hndi ccawmhsyd @3 t ®wtriii.relc,r ease begidns lefmOrAl.i er
both Figure 2a and Figure 2b, it i's deternmn
approxi metl @l yatBS A .
B,=2.5 B,=2.5
500 \ \ 500 ‘ ‘
5320.05 - [33:().05
;33:0.1 /33:0.1
400 | 502 400 3,702
. B,=0.4 . B,=0.4
& 300+ & 300+
e Q
LLI:ZOO* LuNzOO
100 f 1 100 ]
0 4/ 0 4/
20 40 60 80 20 40 60 80
0 (degree) 0 (degree)
a) b))
FiguWarRation in the Elastic Moduli of the
Angdfeor Given Tibd=clOn @dbsana tli0o0.N.;2 anfd= fD.r5; enc

aFii
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These results demonstrat ef etchtast tthhee stthiifcfknneesss:s
|l ayer and significantl-garimyirreqas eapddiet ymad te

Furthermore, the increase in elastic modul us
t hickness r aet iboesgi ntshiast ilnoccweerasangl es, demons
geometric parameters on mechanical behavi or.
As seen in Figure 3, abrupt Poisson's ratio
thickness ratio of t e chuwngteisc i st rPwd tsisroen disn ¢
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These results demonstrate that the thickness daeatly affects the anisotropic behavior of
auxetic structures. It can be argued that the structure responds more sensitively at low thickness
ratios, whereas the mechanical behavior becomes more stable at high thickness ratios.
Furthermore, the variatioin Poisson's ratio across different directions highlights the
importance of the directionally dependent mechanical properties of auxetic structures.

4 . Concl usi on

I n this study, the influence of thicsknaemnsd r a
Poi ssonbés ratio of auxetic core structures w;
that increasing the thickness ratio signific
i mprovegairtryilngadapacriittyi,c laritncacluil matliyormtarcg
modul us exhibits delayed growth at | ower thi
hi gher rati os, demonstrating the strong ro
mechani cal response.
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Addnalil by, the analysis of Poissonds rati o r e
whereas a more stable behavior emerges as t|
dependencies were also identirfdaesded ime goantei vdei
| ogari thmic manner, while in the other, it s
findings highlight the pronounced anisotropi
i mportance of geomgtthealk deshgnicaltahboact

Overall, the results suggest that auxetic s
applications requiring high energy absorpti
properties. Shue he fsft @ awtcit we leys wtainl i zed i n prot
automotive components, biomedical i mplants,
where i mproved mechanical performance under
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ABSTRACT

Hydrogen fuel cell electric vehicl§BCEVSs) represent one of the most innovative solutions for
achieving sustainability goals in todayodos t
internal combustion engine vehicles, FCEVs offer two to three times higher energy efficiency
and emit onlywater vapor and heat as exhaust. In this regard, they hold strategic potential for
realizing carbomeutral transportation. This study first examines the definition of hydrogen, its
physical and chemical properties, and its advantages as a fuel. Subgeduairbgen
production methods including steam methane reforming, electrolysis, biomass gasification,
coal gasification, and nexgfeneration processesand its distribution pathways (pipelines,
high-pressure cylinders, liquefaction, and alternative sats)iare discussed in detail. The
working principle of hydrogen fuel cell electric vehicle technology is explained through the
mechanisms of the fuel cell, battery integration, energy management system, and efficiency
comparisons. Furthermore, safety staddaor hydrogen tanks, leak detection systems, and
international regulations are evaluated. The market analysis covers existing passenger vehicle
models such as the Toyota Mirai, Hyundai Nexo, and Honda Clarity, as well as developments
in buses, trucks,rains, and maritime applications. In the section on emissions and
environmental impact, a lifeycle assessment of hydrogen is presented, highlighting the
differences between gray, blue, and green hydrogen. Finally, the topic of hydrogen fueling
stations ad costs is addressed, evaluating current cost levels, infrastructure status, and
government incentives.

Keywords: Hydrogen Fuel Cell Vehicles, Hydrogen Energy, Fuel Cell Technology,
Sustainable Transportation, Energy Efficiency
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1. Introduction

The rapidly increasing global energy demand, the depletion of fossil fuel reserves, and the
environmental problems caused by these fuels have made alternative energy sources
increasingly important. In particular, the transportation sectodstaat as one of the largest
contributors to greenhouse gas emissions and air pollution. For countries aiming for a carbon
neutral future, the development of clean and sustainable transportation technologies has become
an absolute necessity.

Electric vehites have played a key role in this transformation process. However, battery
electric vehicles (BEVSs) still face certain limitations that need to be addressed:

Long charging times,

Limited driving range,

Insufficient charging infrastructure,

Scarcity and erironmental impact of raw materials used in battery production.

=A =4 =4 =4

In this context, hydrogen fuel cell electric vehicles (FCEVS) represent an innovative solution
that complements the limitations of battery technology and introduces a new paradigm in
transporation. Thanks to the high energy density of hydrogen, FCEVs offer advantages such
as long driving range, short refueling time df53minutes, and zero tailpipe emissions.
Moreover, they present a more suitable alternative to battery electric vehicles/irdingy
transportation, public transit, and ledgtance travel applications. Countries such as Japan,
South Korea, Germany, China, and the United States have developed strategic plans to support
the hydrogen economy. In these nations, both vehicle metuuérs and public institutions are
investing in the expansion of hydrogen infrastructure. Reports from international energy
agencies indicate that hydrogen will become a strategic energy carrier of thé fubarenly

in transportation but also in energiprage, industry, and heating sectors. Therefore, this study
aims to reveal the potential of hydrogen in sustainable transportation systems by examining the
technological foundations of hydrogen fuel cell vehicles, their production and distribution
infrastructure, safety standards, current market conditions, and environmental impacts.
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Figure 1. Components of a Hydrogen Fuel Cell Electric Vehicle (FCEV).

2. DEFKNKTKON AND CHARACTERKSTKCS OF HYDROGEN
2.1 General Definition of Hydrogen

Hydrogen (H ) is the el ement with atomic nur
universe. It is colorless, odorless, and tasteless, existing as a gas under normal conditions. Due

to its lightness, high energy density, and environmentally clearacteristics, hydrogen is

regarded as a strategic fuel in energy conversion systems. In recent years, within the scope of
global energy transition and efforts to combat climate change, hydrogen has emerged as an
alternative fuel option, particularly ine@htransportation sector.

2.2 Energy Density and Thermodynamic Properties

The most remarkable characteristic of hydrogen is its high energy content per unit mass (120
MJ/kg), which is approximately three times greater than that of conventional fossidicals

as gasoline (44 MJ/kg) and diesel (42 MJ/kg). However, its volumetric energy density is
relatively low; therefore, higipressure tanks or cryogenic methods are employed for storage
and transportation. From a thermodynamic perspective, the only coombysbduct of
hydrogen is water vapor, and since it contains no carbon, it does not produce any greenhouse
gas emissions.

2.3 Hydrogen Storage Methods

For hydrogen to be used effectively in vehicles, it must be stored safely and efficiently. In this
context, three main storage methods are prominent:

T Compressed Gas (Compressed Hydrogenyhe most commonly used method.
Hydrogen is stored in tanks under pressures of 35 MPa (5,000 psi) or 70 MPa (10,000

psi).
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T Liquid HydrHwkmogdmH i)s @68IA€dtdowre 1 6o quef
Although this method increases volumetric energy density, it requires enézggive
cryogenic processes.
T Solid-State Storage (Metal Hydrides):Hydrogen is chemically stored within certain
alloys or porous materials. It offers adt@ges in terms of safety; however, the
technology is still in the commercialization stage.

2.4 Environmental Characteristics

The main environmental advantage of hydrogen lies in the fact that its combustion or reaction
within a fuel cell producesonfyat er (H O) and heat. Therefore
emissions. However, the overall environmental impact of hydrogen depends on its production
met hod. AGray hydrogen, 6 produced from foss
hy dr og eucedwithpcartmon capture and storage (CCS) technologies, has significantly

| ower emi ssions; and fAigreen hydrogen, o0 deriyv
completely carbomeutral fuel type.

3. OPERATKNG PRKNCKPLE OF FCEV TECHNOLOGY

Hydrogen tiel cell electric vehicles (FCEVs) are an innovative transportation technology that
operates by converting hydrogen gas into electricity through a chemical reaction. In these
vehicles, the primary energy source is the fuel cell, which supplies electodite electric

motor to propel the vehicle. Although the operation of FCEVs is similar to that of battery
electric vehicles (BEVs), there are significant differences in their energy storage methods.

3.1 Fundamental Mechanism of Fuel Cells

At the core of dnydrogen fuel cell electric vehicle lies the proton exchange membrane (PEM)
fuel cell. Hydrogen gas enters the anode side of the fuel cell, while oxygen (from air) is supplied
to the cathode side. At the anode, hydrogen molecules are splitinto protops (Fand el ect |

(e ).

1 The protons pass through a special membrane to reach the cathode,
1 The electrons flow through an external circuit, generating electricity.

At the cathode, protons, el ectrons, and oxy
process heat and electrical energy are produced, which are then used to power the electric
motor of the vehicle.

Reactions:

9 Anode: H Y 2H + 2e
9 Cathode: O + 4H + 4e Y 2H O
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|l : 2H + O Y 2H O + Energy
3.2 Battery and Energy Management

In FCEVs, thduel cell does not operate alone; the vehicle is also equipped with a Hitum
battery. This battery performs several key functions:

T Stores the electrical energy generated by the fuel cell,

1 Recovers kinetic energy released during braking through reggemeebraking,

1 Supports the electric motor during sudden acceleration or periods of high power
demand.

Thanks to this energy management system, both fuel efficiency and driving comfort are
enhanced. In terms of energy conversion efficiency, hydrogen dlledlectric vehicles offer
significant advantages over conventional internal combustion engines:

1 Fuel cells can achieve electrical efficiencies exceeding 60%,

1 Internal combustion engines typically operate at38846 efficiency,

1 Therefore, with the same aon@ of energy, hydrogen fuel cell vehicles can travel
much longer distances.

In addition, FCEVs provide several other benefits such as quiet operation, low vibration, and
reduced maintenance requirements.

3.3 Components of FCEV Technology
The main componés of a hydrogen fuel cell electric vehicle (FCEV) are as follows:

Fuel Cell Stack: The system where hydrogen is converted into electricity.
High-Pressure Hydrogen Tank: Stores hydrogen at pressures of 35 MPa or 70 MPa.
Electric Motor: Converts thgenerated electrical energy into mechanical power.

Battery Pack: Provides energy storage and instantaneous power support when needed.
Power Electronics Unit: Regulates energy flow and controls motor operation.

= =4 =4 -4 =4

4 . PASSENGER VEHKCLES

In the passenger car segnt, hydrogen fuel cell electric vehicles (FCEVs) stand out
particularly due to their long driving range and fast refueling capability. The main models
currently available on the market include:

1 Toyota Mirai: First introduced in 2014, it is considered a pioneer of FCEV
technology.

1 Hyundai Nexo: Known for its spacious interior, range of nearly 600 km, and
environmentally friendly performance.

1 Honda Clarity Fuel Cell: Offered to consumers in select markets tigioa leasing
model.
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These models are primarily available in regions such as California, Japan, and parts of Europe,
mainly because the number of hydrogen refueling stations is still limited.

4.1. HeavyDuty and Commercial Applications

The high energy dengiof hydrogen provides a strategic advantage for helaty applications
such as buses, trucks, trains, and marine transportation. In particular, ftaldngperations,
hydrogen fuel cell electric vehicles (FCEVS) are regarded as a critical solutivertmme the
charging time and range limitations faced by battery electric vehicles.

5.

Figure 2. Hydrogen fuel cell electric bus at the National Renewable Energy Laboratory (NREL),

California.

Buses:Hydrogen fuel cell public transportation buses arevalstioperated in

California and several European cities.

Trucks: Manufacturers such as Nikola, Daimler, Hyundai, and Toyota have
developed hydrogen fuel cell truck prototypes.

Rail Systems:In Germany, hydrogepowered trains (Alstom Coradia iLint) have

been in commercial service since 2018.

Maritime Transport: Countries such as Japan and Norway are developing hydrogen
powered ferry projects.

EMKSSKONS AND ENVKRONMENTAL | MPACT

Hydrogen fuel cell electric vehicles (FCEVs) are among the cleainassportation
technologies from an environmental perspective. During operation, they emit only water vapor
and heat, providing a truly zemmmission driving experience. However, the-tifecle emissions

of hydrogen vary depending on its production methdderefore, when evaluating the
environmental impact of hydrogen, both direct tailpipe emissions and greenhouse gas emissions
during the production phase must be considered.
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5.1 Direct Emissions

The greatest advantage of hydrogen fuel cell electric =h{&CEVSs) is that they do not
produce harmful gases such as carbon monoxide (CO), nitrogen oxides (NOx), sulfur dioxide

(SO ), or particulate matter (PM) during ope

T Urban air quality is preserved,

T Noise pollution is reduced (since tim®tor operates quietly),

T Public health is improved, with reductions in asthma, respiratory diseases, ard smog
related problems.

5.2. Life-Cycle Analysis
The environmental performance of hydrogen is directly related to its production method:

1 Gray Hydrogen: Produced from fossil fuels (e.g., natural gas via steam methane
reformingd SMR) . Al t hough emission reductions
emissions by 360% compared to gasolipmowered vehicles.

1 Blue Hydrogen: Also derived from fossil fuels butipported by carbon capture and
storage (CCS) technologies, which significantly reduce emissions.

1 Green Hydrogen: Produced through electrolysis powered by renewable energy
sources such as solar, wind, or hydroelectric power. This method can achieve up to
90% carbon emission reduction, enabling hydrogen to function as a eaebnal
fuel.

5.3. Hydrogen Refueling Stations and Costs

One of the major barriers to the widespread adoption of hydrogen fuel cell vehicles (FCEVS) is
the limited hydrogen refueling firastructure. While gasoline and diesel fueling stations are
widely available across the world, the number of hydrogen refueling stations remains relatively
low. Therefore, the growth of the hydrogen economy largely depends on improvements in
station infratructure and fuel cost reduction.

6. CONCLUSKON

Hydrogen fuel cell electric vehicles (FCEVS) hold a significant place in the sustainable
transformation of the transportation sector. Compared to conventional internal combustion
engines, they offer twto three times higher energy efficiency, zero direct emissions, and fast
refueling times, positioning them as a strong alternative among the transportation solutions of
the future. In particular, for londistance transportation and healyty applicationsFCEVs
provide a strategic solution that overcomes the limitations of battery electric vehicles.

However, the development of the hydrogen economy faces several challenges, including:
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High production costs,

Insufficient refueling infrastructure,

Technicaldifficulties in hydrogen storage and transportation,
Public concerns regarding safety and cost perception.

=A =4 =4 =4

Despite these challenges, government support, private sector investments, and international
collaborations are accelerating the development of hyaroégchnologies. Programs such as
the U.S. Hydrogen Shot Il nitiative, t he Euroc
hydrogen roadmaps of Japan and South Korea are driving the global expansion of this
technology. In the short term, hydrogen FCEVs véithain a niche market, limited to specific
regions. In the medium term, they are expected to gain wider adoption, particularly in logistics,
public transportation, and heawdyty sectors. In the long term, as the cost of green hydrogen
production decreasesnd infrastructure develops, hydrogen fuel cell electric vehicles will
become a core component of carbutral transportation. Overall, hydrogen fuel cell electric
vehicles offer tremendous opportunities not only in terms of environmental sustainaloility

also for energy security, economic transformation, and technological innovation. Therefore,
hydrogen stands as a strategic energy source poised to play a critical role in-taesblomw
transportation systems of the future.
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EXAMINATION OF THE CHARGING INFRASTRUCTURE OF ELECTRIC
MEDIUM AND HEAVY DUTY VEHICLES

¥jr. G°r., METKN¥RAYNMSRLIL , 20LCAY PALTA
IBKTLKS EREN ! NKVERSKTESK, Teknik -800¢ i ml er
000183721345
2BKTLKS EREN ! NKVERSKTESK, Teknik -@D0O i ml er
000274962101

ABSTRACT

This study examines the electrification of mediand heavyduty vehicles (MD/HDVSs) from
technical, economic, and policy perspectives. While early electrification efforts primarily
focused on lightuty vehicles (LDVSs), attdion has increasingly shifted toward MD/HD
vehicles due to their high fuel consumption and significant greenhouse gas emissions. The
research provides a detailed analysis of vehicle classes and their charging requirements.
Infrastructure and grid integrati are identified as critical components of the electrification
process. The high power demands of MD/HDV charging place substantial stress on the grid;
therefore, smart charging strategiesuch as demand management, renewable energy
integration, and the se of distributed energy resouréeas well as grid reinforcement
investments, are emphasized. From an economic standpoint, the success of electrification
depends on achieving total cost of ownership (TCO) parity. While -sluoge vehicles are
approachinghis parity, longhaul transport continues to face challenges due to the high costs
of batteries and charging infrastructure. However, it is projected that TCO parity could be
achieved by 203®035 as battery prices continue to decline. Policy and regufaameworks

play a decisive role in accelerating the electrification transition. Regulatory measures in
California, the European Union, and China support this process, while initiatives such as the
U.S. NEVI program contribute to infrastructure investtseiMoreover, the study highlights

the need for subsidies, tax incentives, and financial mechanisms to enable small operators to
participate effectively in the transition.

Keywords: Medium and HeavyDuty Vehicles, Electrification, Charging Infrastructure,
Depot and Residential Charging, Smart Grid
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1. | NTRODUCTKON

The electrification of the transportation sector has become one of the most critical strategies for
achieving globaldecarbonization and sustainability goals. Although early efforts primarily
focused on lightluty vehicles (LDVS), the attention of policymakers, researchers, and industry
stakeholders has increasingly shifted toward medamd heavyduty vehicles (MD/HDV%

These vehiclgs such as school buses, transit buses, delivery trucks, andhdomhdractord

represent a relatively small share of the overall vehicle fleet but contribute disproportionately

to energy consumption and greenhouse gas (GHG) emissions.véiopkd economies,

MD/HD vehicles are responsible for nearly emearter of transportatenel at e d CO
emissions. Therefore, their electrification is regarded both as an urgent challenge and a
significant opportunity.

Light-duty vehicles generally operatgthin predictable ranges and can rely on widespread
charging infrastructure. However, mediuamd heavyduty vehicles exhibit much more diverse

and complex operational requirements. For example, urban delivery trucks and transit buses
operate on shortepetitive routes and can therefore be efficiently supported through- depot
based charging. In contrast, lehgul freight vehicles travel hundreds of kilometers per day
and require megawastcale charging solutions along highway corridors. This diversity
necessitates multilayered infrastructure strategies that integrate depot, residentialy@ute en
charging solutions to address different operational needs effectively.

Figure 1. Electric school buses (left) and delivery trucks (right).

From aneconomic perspective, the success of mediand heawyduty fleet electrification
depends on achieving total cost of ownership (TCO) parity with diesel vehicles. lshahbrt
transport, this parity has largely been approached due to savings in fueliateharee costs.
However, for longhaul operations, costs remain high because of the larger battery sizes and
extensive charging infrastructure required. Projections indicate that TCO parity could be
achieved between 2030 and 2035, provided that battsty continue to decline and supportive
policies remain in place. Equally important are policy frameworks and regulatory incentives.
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Californiads Advanced Clean Trucks (ACT) r
standar ds, and Chi atianonsandates thave all aacederated aslaption.i f i C
Meanwhile, federal initiatives in the United St&tesuch as the National Electric Vehicle
Infrastructure (NEVI) progradh support the transition by investing in corridmased charging

networks. These examplesdernscore the decisive role of policy in guiding markets and
ensuring equity between small operators and large fleets.

This study contributes to the literature by comprehensively addressing the challenges and
opportunities associated with MD/HD electrificat in the context of vehicle classifications,
charging strategies, grid integration, economic feasibility, and policy comparisons. By
integrating technical, economic, and regulatory perspectives, it aims to provide a reference
framework for researcherdeét operators, and policymakers pursuing sustainable freight and
passenger transportation.

2. VEHICLE CLASSES AND CHARGING REQUIREMENTS

Medium-Duty Vehicles: This category includes urban delivery trucks, shuttle buses, and
commercial vans. Their operat@incharacteristics typically involve predictable routes and
daily ranges under 200 miles (approximately 320 km). Therefore, tb@getl charging
strategies are the most suitable solutions for these vehicles. The fact that they return to the depot
at the ed of each day allows them to be charged overnight usingctmivelectricity tariffs.
Moreover, since these vehicles have smaller battery capacities compared-thaubtmwicks,

the required charging infrastructure investments are significantly lesssexpen

Heavy-Duty Vehicles: This class includes large freight trucks, lemaul tractors, and heavy
transport vehicles. Their duty cycles typically exceed 250 miles (approximately 400 km) per
day and sometimes involve thousands of kilometers over extendéssr This operational

reality necessitates the development of fghver, emroute charging infrastructure. In
particular, megawatcale charging systems (MCS) are of critical importance for the
electrification of longhaul freight transport. While depoor residential charging can
supplement these vehicles, such methods alone are insufficient due to their extensive range
requirements.

Residential Charging: This is particularly important for small fleet operators or independent
truck drivers. It is esti@ted that 1020% of mediumduty vehicles are parked at residential
locations. In rural and suburban areas where access to depot facilities is limiteehdsaue
charging becomes critical. However, in urban areas, access to curbsigiwghchargers is

often restricted; therefore, neighborhood charging hubs or municipally supported shared
infrastructure investments are recommended to ensure equitable and practical access to
charging.

En-Route Charging: This charging model is indispensable for lafigtarce freight transport.
It requires the establishment of higbwer charging stations along major highway corridors.
By 2035, it is projected that nearly all lehgul freight operations will depend on this type of
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charging infrastructure. While current fashargers used for ligltuty vehicles typically
operate in the 3500 kW range, mediunand heawyduty vehicles require charging power
levels exceeding 1 MW to meet their operational demands efficiently.

Table 1.Vehicle Classes and Charging Requirements

Vehicle Class Typical Applications Daily Range Primary Charging
Charging Power
Strategy Requirement
Light-Duty Passenger cars, small vans| < 150 miles Residential / 71 50 kW
Vehicles (LDV) ( &2 4 0 | Public Charging
Medium-Duty Urbandelivery trucks, shuttle| < 200 miles | Depot Charging| 50i 350 kW
Vehicles (MDV) buses, commercial vans (a320
Heavy-Duty Long-haul trucks, freight > 250 miles En-Route O 1 M
Vehicles (HDV tractors, heavy transportunity ( 44 00 (Megawatt
Scale) Charging

3. HOME -BASED CHARGING ANALYSIS

Depot-Based Charging:The vast majority of mediurand heavyduty vehicles are parked at
depots during offluty hours. This enables the use of centralized charging infrastructure capable
of serving multiple vehicles simultanesiy. Additionally, by leveraging commercial and
industrial electricity tariffs, depot charging can significantly reduce operating costs. Studies
project that by 2035, 795% of the charging needs of mediuamd heavyduty vehicles will

be met through depdtased charging solutions.

ResidentiatBased Charging:Although most vehicles are parked at depots, approximatély 10
20% of mediurrduty vehicles are parked at residential locations. This proportion is particularly
significant for small fleet operators amalependent drivers. In rural and suburban areas where
depot access is limited, home charging becomes a key solution. However, in urban
environments, access to curbside kugiwer chargers is restricted. Therefore, neighborhood
charging hubs or municipallsupported shared infrastructures emerge as practical solutions to
enable effective residential charging.

Equity Perspective:

1 Depot charging offers a cestfective solution for large fleets, enabling centralized
management and economies of scale.

1 Residential charging, while critical for small fleet owners and independent drivers,
presents challenges related to accessibility and installation costs.

1 A depotcentric strategy may inadvertently favor large operators and create inequities
for smaller bumesses. Therefore, policymakers must develop hybrid strategies that
encompass both depdominant and residenti@lominant scenarios to ensure
equitable access to electrification benefits across all fleet types.
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Table 2. Comparison of Depot vs. Residehtizharging

Criterion

Depot-Based Charging

ResidentiatBased Charging

Primary Users

Large commercial and municipal fleets

Small fleet operators and
independent drivers

Location

Centralized depot or fleet yard facilities

Homes, driveways, or nearby
residential areas

Charging Capacity

High-power, multivehicle simultaneous
charging

Low to medium power, typically
singlevehicle charging

Electricity Tariff

Commercial/industrial rates (lower cost p|
kWh)

Residential rates (higher cost pel
kWh)

Infrastructure Cost

High upfront investment but scalable

Lower initial cost, limited scalability

Operational High & centralized management and | Moderated depends on individual
Efficiency scheduling possible access and grid connection
Accessibility High for fleet operators Limited in urban areas, better in

suburban/rural regions

Equity Consideratiorn

Favors large fleets with depot access

Essential for inclusion of small ang
independent operators

Projected Share (by

2035)

751 95% of MD/HDV charging demand

10i 20% of MDV charging demand

4. SYNERGIES WITH ON-ROAD CHARGING AND LIGHT VEHICLE (LDV)

INFRASTRUCTURE

En-Route ChargingFor the electrification of longlistance heawgduty vehicles (HDVs), en
route charging is a critical requirement. Research indicates tH2@3%y nearly all longhaul
freight transport will depend on higiower charging infrastructure established along major
highway corridors. Existing fast chargers designed for-éyhy vehicled typically operating

at 350/ 500 kW are insufficient to meet the emggrdemands of HDVs. Thereformegawatt
scale charging systems (MCSre indispensable for ensuring operational continuity,
particularly forlong-haul trucksthat require rapid, higknergy replenishment to minimize

downtime.

Synergies with Light-Duty Vehicle Infrastructure: Existing charging networks designed for
light-duty vehicles (LDVs) offer partial opportunities for mediuamd heavyduty (MD/HD)

fleets:

1 Standards Alignment: Compatibility in connectors and payment systems can simplify
the user expermee and promote interoperability across vehicle classes.

1 Multimodal Hubs: Cdocating charging facilities for LDVs alongside MD/HD
vehicle® such as at logistics centers or highway rest areas optimize land use,
reduce infrastructure redundancy, and ekahe overall efficiency of the charging

ecosystem.

However, physical constraints present significant challenges. The turning radius, parking space

dimensions, and canopy heights required by hehy vehicles often exceed the design limits
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of most exiing light-duty charging stations. Consequently, it is essential to develop dedicated
charging corridors specifically designed for mediutand heavyduty vehicles. Nonetheless,
where feasible, these new stations can bécated or integrated with exisgnlight-duty
vehicle infrastructure to achieve cost efficiency and shared utilization of grid and land
resources.

5. INFRASTRUCTURE AND NETWORK ISSUES

Infrastructure Requirements; The electrification of mediuamd heawyduty vehicles
(MD/HDVs) requires dargescale infrastructure transformation that extends far beyond vehicle
technology itself. While depdiased charging remains the dominant strategy for -blamit

fleets, emroute charging stations are of critical importance for the electrification ngf lo
distance transport. These stations must surpass the capacity of existindutygtiaist
charger8 typically rated at 350600 kW and be capable of delivering over 1 MW of power to
meet heawduty operational demands. In addition, residetitaded chargig solutions serve a
complementary role for small fleets and independent drivers, ensuring broader accessibility and
flexibility across different operational models.

Grid integration, mediurand heawvyduty vehicle (MD/HDV) fleets impose substantial power
demands on electrical distribution systems. For instance, a single depot serving a fleet of 50
electric buses can require as much power as a small town. This scale of demand necessitates
extensive grid modernization efforts, including substation upgradsspution line capacity
expansions, and new transformer installations. Such investments are essential to ensure grid
reliability, prevent local overloads, and support the widespread deployment epdvigin

charging infrastructure.

Smart Charging Stragées: Smart charging solutions play a crucial role in reducing grid stress
and lowering operational costs. Key strategies include:

1 Managed Charging: Scheduling vehicle charging duringpeffk demand periods to
minimize electricity costs and avoid grid g@stion.

1 DemandResponse Programs: Aligning charging activities with periods of high
renewable energy generation (e.g., solar or wind) to enhance sustainability and grid
stability.

1 Distributed Energy Resource (DER) Integration: Supporting depot charging
infrastructure through egite solar power systems, battery energy storage, and
microgrid solutions, thereby improving energy resilience and reducing dependency on
the central grid.

These strategies not only alleviate pressure on the electrical grid bugadsto significant
reductions in energy costs for fleet operators, enhancing both operational efficiency and
economic sustainability.

Policy and Regulatory Frameworks:Grid integration is not solely a technical challenge but
also a policy and regulatorgsue. Without coordinated planning, the uncontrolled charging of
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medium and heawyduty vehicle fleets could significantly increase peak demand and
compromise grid stability. Therefore, close collaboration among electric utilities, policymakers,
and fleetoperators is essential to ensure effective {mmg planning, strategic investment in
infrastructure, and the implementation of demand management policies that balance
electrification growth with grideliability.

6. FLEET TARGETING AND MARKET TRENDS

Fleet Targeting: The success of electrification strategies depends on accurately identifying and
prioritizing the right vehiclesegments and fleet types. School buses, urban transit buses, and city
delivery trucks have emerged as the leading segmdat early electrification due to several key
factors:

T Their daily operating ranges are relatively short, making battery capacity requirements
more manageable.
T Their routes are predictable, simplifying charging scheduling and energy management.
1 Theyare typically parked overnight at depots, allowing sufficient time fordost,
off-peak charging.

These vehicles offer strong caxftectiveness through depbased charging and have shorter
payback periods on investment. In contrast, ibagl heavyduty trucks represent the most
challenging segment for electrification. These vehicles require large battery capacities, frequent
enroute charging, and higbapacity energy infrastructure to maintain operational continuity.
Nevertheless, electrifying thisgment holds the greatest potential for reducing transportation
related greenhouse gas emissions, making it a crucial target fotelongdecarbonization
efforts.

Market Trends: Globally, the electrification of mediunand heavyduty (MD/HD) vehicles
is ganing significant momentum.

T As of 2024, more than 120 electric MD/HD vehicle models have been commercially
introduced to the market.

1 China and the European Union lead globally, driven by pdiased regulations,
financial incentives, and strategic infrasiture investments.

1 In the United States, federal initiatives such as the National Electric Vehicle
Infrastructure (NEVI) program are supporting market grédmpiarticularly through
highway corridor fastharging infrastructure investments that facilitateghaul
electrification.

According to projections, the adoption of sh@hge buses and delivery vehicles will
accelerate rapidly, while the electrification of lehgul trucks is expected to progress more
slowly until battery technology, charging inftagcture, and overall costs reach a more mature
and economically viable stage.

169



Long Haul Truck

City Buses

Urban Distribution Vehicles School Buses

Emission Reduction Potential (1: Low, 5: High)
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Figure 2. Relationship between the adoption rate of vehicle segments and their emission reduction
potential.

The figure presents a comparative illustration of éhectrification suitability of different
vehicle segments such as school buses, urban transit buses, urban delivery vehicles; and long
haul trucks highlighting the relationship between their adoption potential and emission
reduction impact.

T School and Urban Transit Buses:These segments have high early adoption potential
and contribute to moderate-high improvements in regional air quality.

T Urban Delivery Vehicles: Expected to become widespread in the medium term,
particularly effective in reducing emissis in dense urban traffic environments.

1 Long-Haul Trucks: Although their adoption rate is comparatively slower, they
possess the greatest potential for CO re

This visualization underscores the importance of segimesed differentiation in
electrification strategies. In the short term, {camge vehicles with predictable operations such

as buses and urban delivery trucks will lead the transition. In the long term, however, the heavy
duty freight transport sector Iepresent the most critical area for emission reduction, making

it a strategic priority for deep decarbonization of the transportation industry.

7. POLITICAL AND ECONOMIC REFLECTIONS

Policy Dimension, the electrification of mediunand heawyduty vehicks cannot scale
effectively without regulatory frameworks and policy incentives. Notable examples of
regul atory pathways that have accelerated el
Trucks (ACT) rule, the Eur ccpeamdUnCihd méasb sCOna
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urban bus electrification. Similarly, federal initiatives in the United States such as the National
Electric Vehicle Infrastructure (NEVI) program support this transition by providing funding for
corridorbased fastharging staon deployment. These policy instruments not only encourage
technology adoption but also guide infrastructure investments, support grid planning, and
facilitate risksharing among market participants. Ensuring that regulatory frameworks are
aligned with enission reduction goals is critical to securing ldagn investment confidence

and maintaining momentum in the global transition toward sustainable transportation.

Economic Dimension:The economic success of medisnd heavyduty vehicle (MD/HDV)
electrification is evaluated primarily through Total Cost of Ownership (TCO).

1 ShortRange Vehicles (School Buses, Urban Delivery Trucks): Due to lower fuel and
maintenance costs, the totaktof ownership is increasingly converging with that of
diesel counterparts, making these segments economically attractive for early adoption.

1 Long-Haul Trucks: The total cost remains relatively high because of the need for large
battery capacities, freqoneenroute charging, and a stifleveloping charging
infrastructure. However, projections indicate that with continued declines in battery
costs and the support of policy incentives, TCO parity with diesel vehicles could be
achieved between 2030 and 2035.

From an economic standpoint, another critical factor is the issue of equity. Large fleets
benefit from economies of scale, gaining cost advantages in vehicle procurement,
infrastructure deployment, and energy contracts. In contrast, smallofeeftors and
independent drivers face disadvantages due to high upfront costs and limited access to
capital. Therefore, to ensure a just and inclusive transition, the following measures are
essential:

1 Subsidies: To offset the initial purchase and infrattire costs for smaller operators.

Tax Incentives: To lower the overall financial burden of adopting electric vehicles.

1 Low-Interest Loans and Financing Mechanisms: To facilitate affordable access to
capital and enable small actors to participate fullihanelectrification process.

=

8. CONCLUSION

This study has demonstrated that the electrification of medamd heawyduty vehicles
(MD/HDVSs) plays a critical role in achieving sustainable transportation and decarbonization
goals. The findings indicate thdtet electrification process is not limited to advancements in
vehicle technology alone; rather, it requires a comprehensive and integrated transformation
encompassing infrastructure planning, energy management, economic feasibility, and policy
support. Sucln integrated approach is essential to ensure the scalability, reliability, and equity
of the transition, paving the way toward a tearbon and energgfficient transportation
ecosystem on both regional and global scales.

The main findings of this studyan be summarized as follows:
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T Vehicle SegmentsSchool buses, urban transit buses, and city delivery vehicles
operating on short and predictable routes represent the early adopters of electrification.
In contrast, longhaul heavyduty trucks remain the mbshallenging segment due to
their demanding operational profiles but also offer the highest potential for emission
reduction in the transportation sector.

T Charging Strategies:Depot charging currently dominates as the most practicalshort
term solution. dwever, for longdistance freight operations, higilower enroute
charging infrastructure (01 MW) is indisp
complementary role, particularly for small fleet operators. This diversity highlights the
need for multlayered charging infrastructure strategies tailored to different
operational models.

1 Infrastructure and Grid: The widespread adoption of vehicle electrification places
significant stress on electrical grids. Therefore, smart charging strétegiading
managed charging, demamdsponse programs, and distributed energy resource
integratior® alongside grid reinforcement investments, are crucial for maintaining
grid stability and cost efficiency.

1 Economics:The success of electrification depends on achievatglTost of
Ownership (TCO) parity with diesel vehicles. While sharige fleets are rapidly
approaching this balance, lohg@ul transport is expected to reach TCO parity between
2030 and 2035, driven by continued declines in battery costs and suppoiiaygy
incentives.

1 Policy: As illustrated by California, the European Union, and China, regulatory
frameworks serve as key drivers of electrification. However, the equity dimension
must not be overlooked. To ensure inclusive participation in the transtibsidies,
tax reductions, and financing mechanisms are essential to support small fleet operators
alongside large commercial fleets.

Overall, the electrification of mediunmand heawyduty vehicles (MD/HDVS) is technically
feasible, economically promrsy, and environmentally imperative. Achieving a successful
transition requires a holistic and coordinated integration of policy, economic, and technical
approaches. This transformation will not only contribute to the reduction of emissions but will
also geerate significant benefits in terms of new economic opportunities, energy security, and
technological innovatioh ultimately advancing the global transition toward a sustainable and
resilient transportation ecosystem.
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1. GKRKK

Kal ecé méknat és mal zemel er i , ener ji d°n¢Keém
el ektromekani k aktg¢gatorl erden manyeti k depo
alnénda kritik ©°neme sahiptir. Bu kapsamda
manyeti k doyum (Ms), y¢ksek Curie séecakl éejeé
nedeni yl e, 20. yézyél én ortal ar éndaknnait isbar

sistemlerinden biB}t i ABNi 6e gkbhmemtarée [l k o
193061 u yNeTIAl a redsaa s F € sistemlerde g°zl enen a
davranéké sonucu geliktiril miikgt idraihlaersek rfaa
créenlerine sahip -iekithhietitli milwetrir ([A4NIi CdNa@i
méknatésl arén (SmCo, NdFeB vb.) gelixktiril me
d°nem azal mék ol sa &«&, ay €ksdk Kkg&c adlkelmakylarn a
mal i yet avantajlaré nedeniyle g¢negmgzde hOl e
sens®°rler ve elektromekani k ciiTHazl arda yaygeé
Al Ni Co al ak éml ar e nn@gink rnoaynaypeétliakr €°nzdeal | mekyl dearnia, ¢

e

a

bu fazlarén morfolojik d¢gzenl eni ki iiCe yak

zengin ferromanipketizlengi nfpacamaey aNtii k U f

matri si ieoedal sapdekmapai mekani zmaséyl a nanosko
Bu d¢gzenl i mor fol oj i, manyeti k domainlerin t
anizotropiyi arteéerer vV e koersivite (Hc) d
-ubuknelnl &roé ut u, dajeleme ve y°nlenmesi, és
kineti]i Il e dojrudan il ikkilidir. Dol ay éseéy
uygul anan éseél i°kzl eel nh i pkd rea nseét craekl | eénkit, meb etk @ =2 & ma
son dereceil@qluyarl edeér [ 10

¢cok kademel i éseéel i Kl em s¢re-1leri, bu t¢r r
biridir. Kl k akamada y¢ksek sécakl ekta ger -
gidererek kimyasal homojeflii sajl ar ve -°kelme i-in wuygutl
ol ukturur. Bunu izl eyen yaklandérma veya ter
eder ve U /U faz oranéné d¢zenleyerek ferr
Kontroltimg @a®jaummasé i se domain duvareé stabildi
d°n¢kem davranékénén iyilekmesine katkeé suna
domain duvarl arénén hareket kabil i yolutkenni sén
faz araye¢zlerinin déezgenl ¢ ¢ vV e -%kel ti b o
kararl él éjéne sajlar [14].

G¢ncel -al exmal ar da, gel enekseli ndzkns i y omée lai
i Klgeinbi késa -evriml ikuwlslednélkareank ,t e&InNikGoe al
mekani k °zelli klerinde belirgin iyilekmeler

éséel -evrimler sayesinde dislokasyon yojunlu
fazénemogamabho kekilde -°kel mesini sajlayar
artérmaktader [16]. Byl ece manyeti k perforn
penceresi i-erisinde optimize edilebil mekted
D°k¢gm y°nt emi Al Nti iCoi nnidéek ntag récsilhar @i lgame b ak|
nedeni , kar makeéek geometrilerin kol ayl ekl a
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sajlanabil mesi ve y¢ksek sécakl ekta kararl é
méknateésl ar ,jynrlksjek, eingir j marwyyeti k al an dayar

gi bi ©°zellikleri nedeniyle end¢striyel uygul
t er mal kararl él ékl arenén y¢ksek ol maseé, bu
magnetikc zel | i kKl er i ni kaybet meden -al ékabil mesin
Bu -alékmada d°k¢m yie3Ni 8Co 300.5-62 2r. &tCiul) e nb i (I &,
Al Ni Co al akéména -ok kademel i éseéel i kKl em uyg
manyeti k ve mexamirkdEkiel dtikilleeri araxkteéer él méi
faz ayréekmaseénén morfolojik evrimini sisten

davranékénén dej i kiigaitlikima raynd taimarka viel iékslkeil s ii rkil e
Bu bajal emmde edilen bul gul ar, AI Ni Co esasl e ¢
éseél i Kl em parametrelerinin belirl enmesi v
performansl| é kal ecé méknat és mal zemel eri ni i
sunma k't adér .

2. DENEYSEL ¢ALI KkMALAR (veya UYGULAMALAR)

Bu -al ékmada, Al Ni Co esasl e d°k¢m al akéména
mi kroyapésal, manyeti k ve mekani k °zel |l i kI e
sistematik bird eney s el S¢re- uygul anméxkt ér . Deneyse
hazérl ama, ésél i Kl em uygul amal aré ve karakt
Deneyl erde kul |l anéli@BNildBCi20&5M2 i 5Eu) mol 4§ S&KI
belirl emmwiémt ibri.l eklenl er i %99, 5 safl ékta tice
l ement , hedef kompozisyona uygun ol arak ana
Kl emi |, Ssu sojutmalée bakér pota i-erean ve a
er-eklexkxtirilmiktir. Ergit me °ncesinde fer
zakl aktéerél masé amaceéyla y¢ksek safl ekta at
rgitme séraséna g°re potaya yedarecxdrigiitlimi mi,
omojen bir bilexkim elde etmek i-in her d°kyg
rgitme sonrasénda al akém, ©°nceden éseétél méex
l arak sojutul muktur.
°k¢m sonr aisléend ak ¢ell -deel eerd, deneysel -al ekmal al
ihaze ile 111171 cm boyutlarénda k¢p keklin
crekl i Ssoj ut ma séveése altenda ger -ekl ekt
Nl emmi EEtlide edil en numunel er, yé¢zeydeki d° k.
macéyla zéemparal anmeéck, ardendan etanol il e
rendér él mékt eéer .
n
a

(¢

°cwW O goO®TODOCcQ —

umunel ere uygul antamnz ed gj@l iz e ltTé mn knoukmiulinreal reér e
| arak, 1250 AC sécakléekta 35 dakika s¢reyl
l akem i -erisindeki ki myasal homojenl ijJi saj
|l de et mek amaceyla gegoneklkeéwrmirislomir atsiém.d aN d
ojutma ve bekletme rejimleri uygul anméxkt er
rgon atmosferli tep Férénda yeéreéeteol megkt or .
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¢i zelDeenely. grupl aréna uygul anan eésél i K

Numune | seéel Kkl em Kokul |l ar e
Grubu
S1 1250 ACd6de 35 dakika normali z
S2 1250 Aco6de 35 dakiikR@aOnA€Cmat aka’
sojutma ve ara bekl et
S3 1250 AC6de 35 dakika nospmaeien
kademel i Ssoj] ut ma
S4 1250 AcCco6de 35 daki ka normali za
bekl etme + férénda so]
S5 1250 ACdde 35 dakika normalizas
ve bekletme + kontroll
S6 1250 A@adekas5normalizasyon + in

ve bekletme + kontroll

3. SONUC¢LAR VE DEJERLENDKRME

Bu Db°l ¢mde, Al Ni Co esasl|l & alakéma wuygul anan
manyeti k °zellikler ¢zerindeki et kiGQCersieli nlce
veG° r 8edle veril miktir. G°r sel sledrdtel inku niuenjed relreer
26de ise Titrexkimli Numune Manyetometresi (V
ejrileri ve manyeti k parametreler yer al makt
G°r siencel endijinde, éseél i Kl em r ej iiml erlidnuij ru
go°r ¢l mektedir. Nor malizasyon i kKl emi sonr aseé
d¢kegk mi krosertli k dejerini gestermi ktir. B
mi kro yapé nedeniyle disl okasyoilr. SBae ®3keti ni
gruplarénda wuygul anan kademel sojutma ve a
belirgin kekilde arttejée g°zlenmi«ktir. Bu
-Ubuk-ukl ar énén yojun bi-i mdehom®dkehmebsiirnek e\
daj el maséna atfedilebilir. Faz araye¢zlerini
mal zemenin plastik deformasyona karké diren
alakemlarénda -°kelti entokifoilojiisnaoeinemiek tVv ek
-%keltilerinin mikrosertlifj]i %20 oranénda ar
AcCcode izoter mal bekl et menin wuygul anmasé, U
sajl amek ve sa@rydli kda-eméekt édri.r Bu te&kcakl|l ekt a f
arayg¢z s¢grekl i i gé-1 enmiKk vV e -9%kel ti bo
yakl andér ma sécakl ékl aréeneéen, mi krosertl ik C
belirtlid,miXka]ior BHEn y¢ksek sertli k dejerleri,

gruplarénda el de edil mixktir. Bu sonu-, y ¢ K¢
yojunl ujunu arter maseé, -%kel ti boyutunu k¢ -
damabéené sajlamaséyla a-éklanabilir. ¥zellik
s¢reli bekletme sonucunda -°kelti yapéséneén

5]
dejerlerinin maksimum seviyeyeyapalkar] éalg@x
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sonucunda ind¢gksiyonla éesel i Kl em uygul anmeék
ésél -evrimlerin mekani k dayanémé %2506e kada
Mikrosertlik HV0,5
56 55
54
52
52 51
50 49 49
48 e
46
44
42
sl S2 S3 S4 S5 S6
G°rséhrkl e esel i Kl etmulran i Al BirCmealtabé mé numune
mi krosertlik dejerlerinin karkel akt e
G°rsede 2veril en VSM sonu-1ar é incelendijin
parametreler arasénda a-éek bir i i kKl g°zl
i -ermeyen yapésé nedeniyle en d¢ke¢gk koersivi
duvarl|l arénén serbest hareketiyle ilikkilidir
bekl etme ikl emler.i sonucu ol duaar IUar éfnaéz épi-ni
koersiviteyi belirgin bi-imde arteérdéjé g°or
boyutlu U /U faz araye¢zleri, domain duvare
artér méktéeér . Bu s onutusurdaraporedipnéAINiCosisteralériedekma | a r
benzer davranéeklarla wuyumludur [ 6, 11]. S4 g
bekl etme ile hem koersivite (Hc) hem de art ¢
bir seviyeye iuld.akBejeurg®m, edmifkazénén morf ol
ve U matrisiyle koherent bir arayg¢z ol ukt
dée¢zgenl ¢ ¢, magnet ik domainl erin daha kont
ejrisininarstidmem&xKtsdm.i Yapel an -al ékmal arda
magneti k anizotropiyi g¢-lendirdiji ve koer.
numunel erinde el de edilen sonu-Ilar, ind¢ksiy
pe f or manséné ©°neml. °]l -¢de iTyilexktirdiJini (
koersivite ve y¢ksek Br dejerl eri el de edil
-%keltileri ve artmék disl okasyoml ay o suenll ui w
s¢recinde hezlée ésétma ve sojut ma, U fazéene
mer kezlerinin artmaséna neden ol muktur. Benz

koersivite hem de enerjaptedepodmédized i mmaeae i ol
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veriler genel ol arak dejerlendirildijinde, &
de manyetik parametreler czerinde belirley
ilerl emesivylle ibierrlii kitnecel mi-k° kvee d¢zenl i hal e
hem de manyeti k sertlikte arteka yol a- mékt ¢
yé¢ksek sécakl ekta uzun sg¢grelii bekl et me) -°ke
koersivitenin d¢kmesine neden ol abil mektedir

penceresinin dar ol dujunu ve optimum param
g°stermektedir.

Numuneler
Sl / ________ -
0.75} = f """"
—- S3 2"
— s4 7
8 os0f — s s
T — S6 4
E
E 0.25¢
=
< 0.00
o
>
%2]
R —0.25¢
]
> fo
G —0.50¢ 7
= 7
Z
.7
~0.75} _,_._._._._.g

-1.00 -0.75 -0.50 -0.25 0.00 0.25 050 0.75 1.00
Uygulanan Manyetik Alan, H (normalize)

G°rsel 2. Al Ni Co al ak é& meé nralerindgngldd edilenavVsM listerekisl € & s é |

ejrileri ve manyeti k parametrelerin d
Sonu- 9 rasve®&°,rLshkeilr 12i kt e dejerl endirildijinde,
ger-eklexktirilen késa s¢reli esékbséewnmdami en o
dengeyi sajladéjé tespit edilmiktir. Bu reji
°kel mesini sajl ayarak hem mekani k dayaném
optimize etmiktir. Bu bulagw,r eim tyearkd tagkrednd lair ém
[ 8, 15,17, 20], gel ecekte nadir topr ak i -er me
°neml i bir vyol gesterici niteli k takémaktadé

4 . GENEL DEJERLENDKRME VE SONUC¢LAR

Bu -al ékmada, Al NyGol asasl ¢ aakdeéemsatai kIl em
manyeti k °zellikler czerindeki et kil eri Si s
akajeda °zetlenmiktir:
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1. 1250 AcCoéde 35 dakika normalizasyon ikl emi

uygul amal aré&, mal zemenin hem mikrosertl ik
deji ki kliklere yol a-méxter.

2. Kademel i sojutma ve ara bekletme (S2, S3)
ederek U /U faz araye¢z yoj unkehgmudeu art ér
koersivitede y¢kselik sajl améxkteér

3.3.800 Aco6de izotermal bekletme (S4), -°kelt
fazé -ubuk-ukl arénén d¢zgen dajél maséna n
mi krosertli k hem de magme&kt &r ani zotropi de

4. Knd¢gksiyonl a éseél I Kl em uygul anan numunel
sayesinde dislokasyon yojunluju artmexk, t
mor foloji g°%stermicktir Bu numunelm®®r, en
ver mi Ktir.

5. Opti mum manyeti k performans, 810 ACdde ke
uygul anan S6 numunesinde el de edil miktir
yeterl artek aké yojunluju (Br) sajlayar

6. Akéxké anmaérma veya uzun s¢reli ye¢gksek séca
kabal akmasé g°zlenmik, bu da manyeti k ser

7. Genel ol arak, Al Ni Co al akémlarénda mi kros
doj rudan mi¢kzreonylaepnénseayle bajl & ol duj u; U f e
daj él em kontrol ¢n¢gn mal zeme performanséne

8. tal ékmadan el de edilen bulgular, nadir to
mal zemel eri n gel isktsitreiml madindie- iérs éAl NikCae m
optimize edil mesinin kritik °neme sahip o

KAYNAKC¢CA
[1] Chikazumi, S., & Graham, C. D. (199Physics of ferromagnetis(Mo. 94). Oxford
university press.
[2] Coey, J. M. (2002)Permanent magnet applicatiodsurnal of Magnetism and
Magnetic Materials248(3), 441456.https://doi.org/10.1016/S0368B53(02)0033®
[3] Becker, J. J. (19¥) . Rare Earth Co mp oJounndl of Appliecha n e n t
Physics41(3), 10551064.https://doi.org/10.1063/1.1658811
[4] Zhou, L., Tang, W., Ke, L., Guo, WRPoplawsky, J. D., Anderson, I. E., & Kramer, M.
J. (2017). Microstructural and magnetic property evolution with differentthestiment

conditions in an alnico alloyActa Materialig 133 73-80.
https://doi.org/10.1016/j.actamat.2017.05.012

[5] Zhang, C., Li, Y., Han, X. H., Du, S. L., Sun, J. B., & Zhang, Y. (2018). Structure and
magnetic properties of Alnico ribbon¥urnal of magnetism and magnetic materidksl,
200-207.https://doi.org/10.1016/].jmmm.2017.11.045

180


https://doi.org/10.1016/S0304-8853(02)00335-9
https://doi.org/10.1063/1.1658811
https://doi.org/10.1016/j.actamat.2017.05.012
https://doi.org/10.1016/j.jmmm.2017.11.045

[6] Ke, L., Skomski, R., Hoffmann, T. D., Zhou, L., Tang, W., Johnson, D. D., ... & Wang,
C. Z. (2017). Simulation of alnico coercivitgpplied Physics Letterd11(2).
https://doi.org/10.1063/1.4992787

[7] Sun, Y. L., Zhao, J. T, Liu, Z., Xia, W. X., Zhu, S. M., Lee, D., & Yan, A. R. (2015).
The phase and microstructure analysis of Alnico magnets with high coerdodiyal of
Magnetsm and Magnetic Material879, 5862.
https://doi.org/10.1016/j.jmmm.2014.12.003

[8] Li, J., SepehrAmin, H., Sasaki, T., Ohkubo, T., & Hono, K. (2021). Most frequently
asked questions about the coercivity of -lN&B permanent magnetScience and
technology of advanced materipB2(1), 386403.
https://doi.org/10.1080/14686996.2021.1916377

[9] Hasan, M. (2017). Study on the thermomagnetic properties of alnico v magnetic ribbon.
http://lib.buet.ac.bd:8080/xmlui/handle/123456789/4582

[10] Zhao, J. T., Sun, Y. L., Liu, L., Lee, D., Liu, Z., Feng, X. C., & Yan, A. R. (2017).
Correlations of phase structure and thermal stability for Alnico 8 allmysnal of
Magnetism and Magnetic Materiaké42 208211.
https://doi.org/10.1016/j.jmmm.2017.06.118

[11] Zhou, L., White, E., Ke, L., Cullen, D. A., Lu, P., Constantinides, S., ... & Kramer, M.
J. (2019). Microstructre and coercivity in alnico 9ournal of Magnetism and Magnetic
Materials, 471, 142147.https://doi.org/10.1016/.jmmm.2018.09.085

[12] Binns, C., Trohidou, K. N., Bansmann, J., Baker, S. H., Blackman, J. A., Bucher, J. P.,

... & Xie, Y. (2005). The behaviour of nanostructured magnetic materials produced by

depositing gaphase nanoparticledournd of Physics D: Applied Physic38(22), R357.
10.1088/0028727/38/22/R01
[13] Roozeboom, F., & Dirne, F. W. (1995). Rapid thermal annealing of amorphous and

=]

nanocrystalline soft magnet iJound lofl applied |
physics 77(10), 52935297.https://doi.org/10.1063/1.359283
[14] Fiorillo, F., Bertotti, G., Appino, C., & Pasquale, M. (2016). Soft magnetic materials.

In Wiley Encycloped of Electrical and Electronics Engineerifgp. 1-42). John Wiley &
Sons, Inc.10.1002/047134608X

[15] Ahmad, Z., Ul Haqg, A., Yan, M., & Igbal, Z. (2012). Evolution of phase, texture,
microstructure and magnetic properties of €& Col Moi Ti permanent mgnets.Journal

181


https://doi.org/10.1063/1.4992787
https://doi.org/10.1016/j.jmmm.2014.12.003
https://doi.org/10.1080/14686996.2021.1916377
http://lib.buet.ac.bd:8080/xmlui/handle/123456789/4582
https://doi.org/10.1016/j.jmmm.2017.06.118
https://doi.org/10.1016/j.jmmm.2018.09.085
https://doi.org/10.1063/1.359283

of magnetism and magnetic materj&24(15), 23552359.
https://doi.org/10.1016/j.jmmm.2012.02.040

[16] Rehman, S. U., Jiang, Q., Lei, W, Liu, K., Zeng, L., Ghazanfar, M., ... & Zhong, Z.
(2019). Microstructures and magnetic properties of cast alnico 8 permanent magnets under
various heat treatment conditiofdiysi@ B: Condensed Matteb52 136141.
https://doi.org/10.1016/j.physb.2018.10.007

[17] Zhang, Z. Y., Zhou, M. J., Sun, J. B., Li, B., Wang, S., Wang, Z., Zhé&ng, Y.

(2024). Highperformance Alnico magnets prepared by powder bed fudtomnal of

Alloys and Compound876, 173380 https://doi.org/10.1016/|.jallcom.2023.173380

[18] Liu, Y., Zhao, J., Zhao, Z., Liu, L., Huang, M., Zhou, B., ... & Yan, A. (2024).
Microstructure and magnetic properties of-Byded Alnico alloysJournal of Alloys and
Compounds973 172894 https://doi.org/10.1016/j.jallcom.2023.172894

[19IB®gin, G., & Dub®, A. (1968). On the mec
8. Canadian Metallurgical Quaderly, 7(2), 7982.
https://doi.org/10.1179/cmq.1968.7.2.79

[20] Rahimi, A., & Almubarak, Y. (2025). Insights into Additively Manufactured Alnico
Alloys UsingLaser Metal Deposition Technologjournal of Materials Engineering and
Performance1-15. https://doi.org/10.1007/s1166%25116865

[21] K Danninger, H., Gierl, C & Mitrovic, N. (2011). PM Functional Materials: Magnetic

and Mechanical Properties of Sintered-E@Mo/W Precipitation Hardened Alloys.

In European Congress and Exhibition on Powder Metallurgy. European PM Conference
Proceedinggp. 1). The European Raler Metallurgy Association.

182


https://doi.org/10.1016/j.jmmm.2012.02.040
https://doi.org/10.1016/j.physb.2018.10.007
https://doi.org/10.1016/j.jallcom.2023.173380
https://doi.org/10.1016/j.jallcom.2023.172894
https://doi.org/10.1179/cmq.1968.7.2.79
https://doi.org/10.1007/s11665-025-11686-5

Al FeNi CoMn Y! KSEK ENTROPKLK ALAKIM TOZLAR
PARAMETRELERKNKN MKKROYAPI SAL KYKLEKMEYE
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¥ZET

Yéksek entropi alakemlar (HEAOGI ar ) anayakl| at
el ementin bir araya getirilmesiyle olukturul
tek fazlé katé -°zelti yapélaréné s¢grderebil
mal zemel eri dir. Bu al akéfmil ggrhasycemdlkl emt ma il
ayreéekmal aréné baskeéelayarak termodinami k a-eéed
Kar makék ki myasal bilekim ve -oklu el ement
mekani k dayaneéem, m-K,é nrkay @& z ykamr K& e diorkkes i dasy
mekani zmal aréna karké mukavemet gi bi il eri t
ozelli klerini m¢ mk ¢ n kél maktadeéer . Bu nedenl
uygul amal aréna, yg¢g¢xesepkmsgiemdil €ki pi héeeny erin
al ané potansiyeli takémaktadér. Bu -al ékmada
saat s¢reyle mekani k alakéemlama y°ntemiyl e s
ve 1150 Ag&€re@daksiékterl eme iklemine tabi tut
s¢re-1loer sonrasénda numunelerin miKenaiji yapeée
dajéel-emé@é Xspekt-EDS)k oipliesif §ZSEOM ukum ve-Kkriste
éxné difraksiyonu (XRD) analiz teknikleri ar
tabanl e morfolojik incelemelerin, artan sin:
azal dej éeneé, tane séneéeré bg¢tnvanlsig veinysens ibnea lni rigy
g°ster mesi bekl enmektedir. EDS sonu-1|l ar énén
homojen bir daj él ém sergiledijine, mi kr oki m
i kKar et et mesi °ng°r¢lmeksedier| XR® saeabkbkzép
olarak faz stabilitesinin pekiktijini, kar a
i kincil faz olukumlarénén sénérlandéjéné g°©°
sinterl eme ksréoc aykalpéjséan érmmomioj enl i k, faz b¢teé¢nl
belirleyici bir i Kl em parametresi ol duj unu
alakeml arénén ¢retim kokull areéenén optimize e
buahk éml arén end¢striyel °1 -ekte uygulanabi i
Anahtar Kelimeler: Y¢ ksek Entropili Al akémlar, Sinter|l
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1. GKRKK

Son yéllarda mal zeme m¢hendisliji alakhkep#a ¢
entropili alakeml ar (,diagph pEnmntl daky ahlel cs ., a HHE
ve mekani k performans °zel ls&ll ealigk@&mds k&ktae m
ana el ement etrafenda bir veya birka- el er

yakl akeméenén dlxi vey aHHAdyaa kf ldhazkl éak eel ke neetnat mi k
araya getirilerek y¢&ste&kk kfaa Zlk@ mk @iné r-0Pp2 esli thie
Bu °zg¢n konsept, karekéem entr opiemodmamik f az
karar |l él éyeeni arogamabkbde hitoenlolj emd ktfjedi r [ 3, 4] .
al akeml ar én t emely ¢ kae la k tkeornif s tgi ¢ rGélss psiennaestl ent

enerjisindeki karéekém entropi si (pPSmi x) teri
PG =TTghS denkl emindg9 2 n°drag, napSariex 6i n artéekeée, ki
et ki sini dengel eyerek tek fazlé kate -°zelti

dur umu, A2 BE@A)VHFCCt epi katé -°zelti fazlarénén
HEAOGI| ark@érmo mapésatlonivkr i e ynaltet, f ank gat,valahsi k f ar
el ektron yoyekual @ké m( ¥ E Cgbl ppransireler(bglitiesnai ol pynar.

Bu parametreler araseéendaki et ki | eaksiymind ra,r éfma
y°ne¢gneg tayi n  eHumd RotheB k@drleri AYEAe cai st eml eri nin
kararl él éjéna y°nelik teorik bir temel sunma

VECOGin 8 civareénda bul unngaks¢ek voel nea seék tdr uornuenguant
-%zeltiler el de edi | e bAlIFéNICeMntt eacbiarn | [61 Oy]¢.k sBk |a
al akémlar, BCC (A2) ve d¢gzenl i B2 fazlar énén
ancak faz a- é&s éndzeliklelAlzleraenti i veo i birkkte BRenzéri r . ¥

fazlarén olukumuna ejilim g°sterirken; Fe v
stabilize etmektedir [11,12]. Bu faz ayreéexkn
°©zell ikl erinikktedimjrudan et kil em

HEA sistemlerini nmeghkeaniiknmi aaldeey &&mil & man e6( MAXK s e k
bilyalée dejirmenlerde tekrarl anan - asrgjmak ve

kaynakl ama, kéréel ma ve wyemrmi-ecc&kmekaynakhbhpmaydh
i Kl emi dir [13,14]. Bu y°ntem, el ementl er ar
homojen karéekéml ar ol ukturur ve geleneksel

sistemlerde dahi b aak amnegkl aén isko naul -a kaérmlvaenrai rs. ¢ rAe)
gi i i Kl em parametreleri, el de edil ecek tozl
dojrudan belirleyici r ol oynar [15,16].

ani k ol arak al akéemlanmék HESA&Il eml paeénanéaptm
|l l s kheedlkeeme kg eoc ylkalp&jné&n kararl él éj e ve fe&
il er yarat maktader . Sinterl eme s¢reci, g
mi k di f¢zyonu hezl asnajélramalkt afdaez hdmqg jleij
terl eme sécakl éjénén artéxkéyla birlikte g
e B2 fazénén belirginlextiiflils®i IACIi mrrlamék ead
éseéel i KNii€Con2@egj nAB2 addMocékénageéeni A2 metris faz
ve b?°dys zeecnel i I ki fod zulkémansi éknrao nyeadpeénn éonl ma kt ad eéer

o
N
5 O X OO X“TJTOoT
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Bu -al Ak medNaCoMn y¢i¢ksek enesepiliikl &maéam ame
mi kroyapésal eikyii |l etkkniel egziersingdt emati k ol ar ak
mekani k al akémlama i kKl eminin ardéndan, numun
sinterlenmik; mikroyapésal evrim taram&a&he el
spektrokopisi (EDS)vexe k éné di fraksiyonu (XRD) analizl e
sinterl eme sécakl é&jénén g°zenek oranéneée d¢k

fazlareéen ki myasal ol arak daha net bir. Bu mde a
durum, AlFeNiCoMn sistemindé s &€ | imii K Ir @%zaepiél 1 K ki si ni a-éekl am
°neml i bir t emel ol ukturmaktadér . Bu -al ékn
optimizasyonununmi kr oyapéeés al h o move makdnikckg y afpagzenr K anrdark li €
et ki sini deneysel ol arak ortaya koyarak, b
uyarl anabilirlifJi konusunda I|iterate¢re katke

2. DENEYSEL ¢ALI KkMALAR (veya UYGULAMALAR)

Bu - al éA niraedNai ,C 0 Mn e nyt ¢ kospe K i atl oazxléamr € Q BIEA)mMi K r «
°czelli klerinin belirlenmesi amac AlyHe,&Ni, @k at onm
ve Mnel ement | er i Kkull anél méktér . Téem el ement |
boyutl ar é& na kiriocnarair aleétjand ozu formunda t emin
bir el ementin atomi k orané titizlikle tartel
amacéyla mekani k al akémlama (MA) y°ntemi ter
Retch PM 200t i p i yée¢ksek enerjili pl anet bilyal é
tungsten kgatheésve(WC)mm -apénda: WCtobrel pal pa &
300 rpmd° nme héXk®nda atvweaspéerl enyélket ér . AK éveétozs o] uk
aglomerasyonufl, Snloe me Rinklae mek @amtod o | ajane (
Agent , PCA) ol arak eklenmi«ktir. Mekani k al at
deformasyon ve difg¢gzyon de°ngé¢l eanm@wnubbgdaea
yé¢ksek entropili tek fazl é toz yapésénén ol u
Al ak éml ama I K1 emi sonr askEl aglede ¢&EdIMAKN fHEA
ger -eklexjtiuddrendiren-1.1 sécak pry@siltema (i Die
y o] unéllanxkétketrér . Bu y°ntemde, toz kompaktl ar he
de ayné anda basén- alténda tutularak sinter
950, 100050 veAA 50 s@€ak!l ekl ar e md ad a kh erave bakgmie y il ei r
atmosferindey ¢ r ¢t ¢ 1 m¢e kKt ¢r . Diren-11 sécak presl emi
hezl andeér el méxk, porozite azal érken densi fi ka
destekl enmi Kkt ir. Sinterl eme iikd ceanl kan tnr ol lag d
oda sécakl é&jéna kadar sojutul muktur.

Sinterl eme sonr asé numunel er , mi kroyapésal
akamal aréendan ge-irilmik; zémparal ama, el mas
ardéndan!| mnwmt iiz. edikroyapé morfolojisi, g° zi

daj etl @ma&mal € el ekt r oinl emiiknrcoesl keonbmi k(; SEM)zI| ar a
davranéexkgi deaeenée md e kXt rbskdpeit eyl EEDSRnr ak de
Faz olukumlareé ve kristCal &g a(fei k=ragfagy@E 0dée ] ji )
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kul | Xreléeare di fraylsiityeomy | @XRR) irl enS&FAr . ¥
tarama, W@kkEsak kekilde yapéel mékteéer.

El de edilen veriler, sinterl eme sécakl éjéneér
di f¢zyonun hézlandéj éné, Ki Nii Csot azleintg i bno yBu2t uf nauzn
Mn zengin A2 matris fazé arasiémidag%stmgramealt
B°yl ece mekani k al akémlama ve dojrudan diren
yé¢ksek entr opmilkr oayl aapkéesnal | a riéynidlgezkenrei nvdee fkaz t K e
i Kl em parametresi ol duj oder Ada¥y@a Nk o Mhmy kg ks e
alakem tozlaréenén ¢retim ve sinterl eme param

¢izelge 1. Al FeNi CoMn y¢ksek entropild: al akem t
Kkl em Ba Parametre Dejer [/ A- ékl ama
Mekanik Ekipman  Retsch PM 200, plane WC pota ve 10 mm WC bilyalar
al akeml . bilyal é ¢
S¢re |/ 15saat/ 300 rpm Homoj en kar éex
di f¢zyon saj
Toz / Bilya 1:5 Enerji transferini optimize etmek
or anée i -1in
PCA %0,5metanol Yapékmayeée °nl
Diren-1li Secakl 95071 105071 1150 Farkl & sécakl é
presleme i ncel enmi K
S¢re 4 dakika Her sécakl ékt ¢
S¢resi
Atmosfer Vakum / Ar Oksitl enmey.i
Karakterizasyon SEMi EDS Mi kro yap ¢CELMAK firmaséeé,]
XRD analizi numunel ere uy

3. SONUCLAR VE DEJERLENDKRME

G°rselverdoden SEM ve EDS sonu-1ar é, far kl é
presleme ikKlemiyle yojunlakteéereéelan Al FeNi Col
evrimini gestermektedir. GoPre¢nt ¢l er debr, sint
yojunl akma ve etjaine nkioagr°szelnenmensiikt i r. 950 ACOd«
orandgoorozitev e i nce taneli morfoloji hoO©kimken, 105
g°zenekl erin azal dej e, tanel édoyun el a 8 @8 mushame |
tamaml ggrd&jlémekt edi r . Bu dur um, artan sécal

hezl anmas énsa nbtagrllée noel akriankegt®isjtienrimme kettekdiinrl e[k2tli]]
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Mi kroyapésal deji kimlerimktemeldi hegdgohnh, meka

(°zellikle y¢zey vebdsaken slealee egdali heggiydinmu.n u
arasénda boyun olukumunu dest ekljew earetkée rgérz elr
Ayné zamanda, diren-11 sécak presleme y°nter
iletiimesiyleJ oul e megdamaaégel ir; bu da pmzmabenzdriar ek et

yer el er gioma kh Ulrgadlienizmg23kesBuspekdai y¢kse
homojen faz yapélarénén olukmaséna katkeée saj

EDS analizl eri I ncel enlitgo ned ee, mednétkl ¢ekr 1snéi cna kbl eél
zenginl éMnt i el emeret | eri nin i se grart glim¢ kit gz & n
mi kroki myagsaksakrémmaopi |l i si sdneopik emtdreolslek | fé
ayréekma mekenazémkbanabilir [24]. Artan seécak
et kinlifji yeksel mik, nekerdekleéeméBbOe ACAdpRI €
gzl emlenmi ktir. Bu, Gi bbs serbest enerjisi
saj |l atnedke jféaz benzeri ewvormomieme biika rma tk reotynmepkét e d
Sonu- ol &€&D&k veS3EMeri gj eséh AkFeM GeWmakHEA s
yojunl ukemadek € mg as al h osnzoejreinnldeek mbel i r |l eyi ci
g°stermektedir. Bu bulgul ar, HEA sistemlerinr
B2) yapénén, uygunersleem& | ielkd ae lkdee ae diglrebdiil esd

G°rséhrkl é sécakl éklarda diren-1i sécak presle
entropili al akém numunel erine ait SEM mikrogr

G°r sel verleb dX&& Kk € n é di fraksiyonu ( XRD) sonu- |
Al FeNi CoMn HEAO6nén faz kararl él éje ¢zerindek
numunel erde g°zlenen genik ve d¢gkegk yojunlou
gerime varl ejéeénén g°stergesA2dBCO)t i Bu awmamadazece

ait pikler tespit edilmicktir.
Séc alkOl5etky®eC y ¢ ks e liNiiQod izjeinngdienB dXld gz ¢ rir(D@)f az é n a
d¢zl emi pi ki bel i mgiymlneemmiak yveni AZ agi klaerrsiémia |
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durum, artan kséscnaik | féakzl ad bpai erh bigkétjee s e ngh st er mel

A2 fazéndan daha y¢ksek ental pildi birid¢gzene
TpS il iefldinsirogpeks kjalramadrel &k, 25] . Bu nedenl e
yé¢ksel mesiyle kararl e B2 fazé olukumu ter mod
1150 eACsinterlenen numunede, B2 fazéna ait p
fazé hiaseazdabel irgin hale gelmixktir. Pi k gen
b¢e¢yedeg] éeneg ve 1 - gerilmelerin azal dejéné g°s
rekristal i zasyovneunsitsatneamlna nddleerf ggen é kteder P6l.a ul ak

Ayréca ye¢ksek séecakl ékitNECarzeamgian olmd kg énlae reikre

d°n¢kegmegneg kol ayl akt ér mékt ér .

Bu bulgular, AlFeNiCoMn sisteminire s €| if iag| eknaimia kit éy @p €a -ielki kK ki
bi-imde ortaya koymaktadeér. Diren-11i sécak |
S¢resi sonunda bile faz kararl el éjénén sajl
yojunl akma a-éséndan son derece et kil:] ol duj
BCC
(110)
FCC
BCC
(200 (200) 1150 °C
£}
E
Q k 1050 °C
z A R
2
=
A 950 °C
I T I T T
40 50 60 70 80
2 O (degree)
G°rsel 2. Farkl é& sinterl eme sécakl ékl ar-exndné ¢ r et
difraksiyonu (XRD) desenleri.
4. GENEL DEJERLENDKRME VE SONU¢LAR
Bu -al é&kmada, Al FeNi CoMn y¢ksek entropildii al
y°ntydmi farkl é& sécakl ekl arda sinterlenmik ve
9 Diren-11i sécak kpérseas |se;mee; dyesS e(kde yabljy)l el ukt a v
numunel er e$idret erdli ¢ me k 4gé°czaeknl eékjl e |airkt taézka-1 amé
b¢yeé¢ mesi belirginlekmik ve yojunlakma ora
1 SEManalizlerjd ¢ k ¢ k sécakl ekl arda (950 AC) g°zenct
(1150 AC) ise tam boyun olukumuna sahip vy
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T EDS haynairttalnars@&cak]| é&kll ah dmajl @ rkltie] ierl earretntt é j
segregasyonun azal déjéné ortaya koymuktur

T XRD sonus0 ak@de A2 (BCC) fazénén hokim ol
ortaya -ékteéejkeamréarve 1B125 0+ oMN\@okdteuf unfua gl & t v a

T Artan shlktakd iektl al k usupmilkarge mizkall inkeélker i  dar

boyutu be¢gyeéemegkt ¢gr .

T Yé¢ksek séecakl ékta fiaxz elmamgé&@nrleal @ajuéenune | mir ldre
sajl anméxtér .
T Diren-1li sécak presl eme y°atimimrdeenerji yvy¢ksek e
verimli ve zamabi a-akbtedaatavanwtaiém ol ar
KAYNAKG¢CA
[1] Yeh, J. W., Chen, S. K., Lin, S. J., Gan, J. Y., Chin, T. S., Shun, T. T., ... & Chang, S.
Y. (2004). Nanostructured high entropy allc

design concepts and outcomAdvanced engineering materia&5), 299303.
https://doi.org/10.1002/adem.200300567

[2] Cantor, B., Chang, I. T., Knight, P., & Vincent, A. J. B. (2004). Microstructural
development in equiatomic multicomponealloys.Materials Science and Engineering:

A, 375 213218.https://doi.org/10.1016/[.msea.2003.10.257

[3] Zhang, Y., Zuo, T. T., Tang, Z., Gao, M. C., Dahmen, K. A., Liaw, P. K., & Lu, Z. P.
(2014). Microstructures and properties of hagitropy alloysProgress in materials
science61, 1-93. https://doi.org/10.1016/j.pmatsci.2013.10.001

[4] Miracle, D. B., & Senkov, O. N. (2017). A critical review of high entropy alloys and
related concept#cta materialia 122, 448511.
https://doi.org/10.1016/j.actamat.2016.08.081

[5] Tasan, C. C., Deng, Y., Pradeep, K. G., Yao, M. J., Springer, H., & Raabe, D. (2014).
Composition dependence of phase stability, deformation mechanisms, and mechanical
properties of the CoCrFeMnNi higgntropy alloy systemlom 66(10), 19932001.
https://doi.org/10.1007/s1183¥7411336

[6] Gao, M. C., & Qiao, J. (2018). Higgntropy alloys (HEAs)Metals 8(2), 108.
https://doi.org/10.3390/met8020108

[7] Pickering, E. J., & Jones, N. G. (2016). Hightropy alloys: a critical assessment of

their founding principles and future prospettternational Materials Review$1(3), 183
202.https://doi.org/10.1080/09506608.2016.1180020

189


https://doi.org/10.1002/adem.200300567
https://doi.org/10.1016/j.msea.2003.10.257
https://doi.org/10.1016/j.pmatsci.2013.10.001
https://doi.org/10.1016/j.actamat.2016.08.081
https://doi.org/10.1007/s11837-014-1133-6
https://doi.org/10.3390/met8020108
https://doi.org/10.1080/09506608.2016.1180020

[8] Guo, S., Ng, C., Lu, J., & Liu, C. T. (2011). Effect of valence electron concentration on
stability of fcc or bcc phase in high entropy alloysurnal of applied physic40910).
https://doi.org/10.1063/3587228

[9] Ye, Y. F., Wang, Q., Lu, J., Liu,C. T., & Yang, Y. J. M. T. (2016). Hegitropy alloy:

challenges and prospechksaterials Today19(6), 349362.
https://doi.org/10.1016/j.mattod.2015.11.026

[10jOtt o, F., DlouhT, A., Somsen, C., Bei,
influences of temperature amgicrostructure on the tensile properties of a CoCrFeMnNi
high-entropy alloy Acta Materialig 61(15), 57435755.

https://doi.org/10.1016/j.actamat.2013.06.018

[11] Shao, Y. (2021). Structure and mechanical properties of multicomponent

AINiCoFeCrTiMo alloy obtained by mechanical alloying and sintering.

[12] Onawale, O. T., Cobbinah, P. V., Nzeukou, R. A., & Matizamhuka, W. R. (2021).
Synthesis route, microstructd evolution, and mechanical property relationship of high
entropy alloys (HEAS): A reviewMaterials, 14(11), 3065.
https://doi.org/10.3390/mal4113065

[13] Suryanarayana, C. (2001). Mechanical alloying and milllrggress in materials
science46(1-2), 1-184. https://doi.org/10.1016/S007125(99)0001®

[14] Bernjamin, J. S. (1970). Dispersion strengthened superalloys by mechanical

alloying. Metallurgical transactions1(10), 29432951.
https://doi.org/10.1007/BF03037835

[15] Zaara, K., Chemingui, M., Le Gallet, S., Gaillard, Y., Escoda, L., Saurina, J., ... &
Optasanu, V. (2020). Higentropy FeCoNiBO0. 5Si0. 5 alloy synthesized by mechanical

alloying and spark plasma sinteririgrystals 10(10), 929.
https://doi.org/10.3390/cryst10100929
[16]Ben Ammar, C., Khitouni, N., Al shammar.

& Chemingui, M. (2024). Microstructural and magnetic characteristics of-dngtopy
FeCoNiMnTi alloy produced via mechanical gilog. Metals 14(11), 1302.
https://doi.org/10.3390/met14111302

[17] Hsu, W. C., Kao, W. P., Yeh, J. W., & Tsai, C. W. (2022). Effect of Mo on the
mechanical and corrosion behaviors in fggual molar AICrFeMnNi BCC higlentropy
alloys.Materials, 15(3), 751.https://doi.or¢l10.3390/mal5030751

190

H


https://doi.org/10.1063/1.3587228
https://doi.org/10.1016/j.mattod.2015.11.026
https://doi.org/10.1016/j.actamat.2013.06.018
https://doi.org/10.3390/ma14113065
https://doi.org/10.1016/S0079-6425(99)00010-9
https://doi.org/10.1007/BF03037835
https://doi.org/10.3390/cryst10100929
https://doi.org/10.3390/met14111302
https://doi.org/10.3390/ma15030751

[18] Youssef, K. M., Zaddach, A. J., Niu, C., Irving, D. L., & Koch, C. C. (2015). A novel
low-density, highhardness, higlentropy alloy with closg@acked singlgphase
nanocrystalline structureblaterials Research Letter3(2), 9599.
http://dx.doi.org/10.1080/21663831.2014.985855

[19] Huang, L., Li, S., Li, K., Lu, S. Y., & Li, J. Improvement of Caion Resistance for

Laser Melting Deposited CocrfefSieries HighEntropy Alloys by Al Addition.
https://dx.doi.org/10.2139/ssrn.4457473

[20] Tsai, M. H., & Yeh, J. W. (2014). Higéntropy alloys: a critical reviewaterials
Research Letter£(3), 107123.https://doi.org/10.1080/21663831.2014.912690

[21] Kang, S. J. L. (20048intering: densification, grain growth and microstructure

Elsevier.

[22] German, R. M. (1996). Sintering theory and practice, John Wiley& $ungs.New

York

[23] Munir, Z. A., AnselmiTamburini, U., & Ohyanagi, M. (2006). The effect of electric
field and pressure on the synthesis and consolidation of materials: A review of the spark
plasma sintering methodournal of materials sciencd1(3), 763777.
https://doi.org/10.1007/s108586-65552

[24] Munitz, A., Salhov, S., Hayun, S., & Frage, N. (2016). Heat treatment impacts the

micro-structure and mechanical properties 0€ACrFeNi high entropy alloylournal of
Alloys and Compound683 221-230. https://doi.org/10.1016/].jallcom.2016.05.034

[25] Sheng, G. U. O., & Liu, C. T. (2011). Phase stability in high entropy alloys: Formation
of solid-solution phase or amorphous phdmgress in Natural Science: Materials
International 21(6), 433446.https://doi.org/10.1016/S10a2071(12)6008X

[26] Senkov, O. N., Wilks, G. B., Scott, J. M., & Miracle, D. B. (2011). Mechanical
properties of Nb25M025Ta25W25 and V20Nb20Mo020Ta20W20 refractory high entropy
alloys. Intermetallics 19(5), 698706.https://doi.org/10.1016/j.intermet.2011.01.004

191


http://dx.doi.org/10.1080/21663831.2014.985855
https://dx.doi.org/10.2139/ssrn.4457473
https://doi.org/10.1080/21663831.2014.912690
https://doi.org/10.1007/s10853-006-6555-2
https://doi.org/10.1016/j.jallcom.2016.05.034
https://doi.org/10.1016/S1002-0071(12)60080-X
https://doi.org/10.1016/j.intermet.2011.01.004

ZERCONID MITES (ACARI: ZERCONIDAE) RECORDED FROM THE CENTRAL
ANATOLI A REGI ON OF T, RKKYE

Assoc. Prof. Dr. MEHMET KARACA 1, Prof . Dr. RAKKT URHAN
1 pamukkale University, Denizli Vocational School of Technical Sciences,
karacamehmet@pau.edu.©006000232494215
2 Ppamukkale University, Faculty of Science, rurhan@pau.eddQ®0-000265487927

ABSTRACT

The mite fauna of Tatelykl250 taxa betomgyng to teeeoslersalxogida, o X i
Mesostigmata, Sarcoptiformes, and Trombidiformes. Among them, members of the family
Zerconidae, commonly referred to as zerconids, represent one of thkedestgroups within

the order Mesostigmata in tleeuntry. Systematic and taxonomic investigations on zerconids
have been carried out across various parts
protected areas. However, given the country
insufficienty studied. The present study provides a comprehensive review of all zerconid mite
species recorded from the Central Anatolia Region. A survey of the literature revealed six
previously documented zerconid species from the region, all belonging to theZgznos

Three of these species ar e e rZeremnsperatumereT ¢r ki y
collected from the Kézélcahamam district of
biological materials collected between 1999 and 2007 from Ankar Es ki ke hi r |, Ka\
Yozgat provinces resulted in the identification of five additiadefconthat had not been

previously recorded from the region. Nevertheless, this total number likely underestimates the

rich diversity of the family in the regio.ongterm and comprehensive faunistic studies are
required across all provinces. Notably, ther
Kar aman, Kérekkal e, Kérkehir, Konya, Nevkeh
compiles and summiaes all available distributional data for zerconid species reported from

the region, both within T¢grkiye and globally

regionbds biodiversity and to the overal/l kno

KeyWords:bi odi versity, acarofauna, Mesostigmat a,
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1. INTRODUCTION

The mite fauna of T¢rkiye comprises approxi
Ixodida, Mesostigmata, Sarcoptiformes, and Trombidiformes (Erman et al., 2024). Among
them, the order Mesostigmata represents a diverse and ecologically significant group within the
subclass Acari. Members of this order are commonly found in soil, leaf litter, humus, animal
nests, and various microhabitats. Most species are predatoryngemuinematodes, small
arthropods, and other microorganisms, thereby contributing to the maintenance of ecosystem
balance. In addition, some mesostigmatid mites exhibit parasitic lifestyles and possess
considerable economic importance in agricultural agtgnnary contexts. Due to their wide
diversity and ecological roles, Mesostigmata constitute an important subject of study in mite
systematics and taxonomy.

Members of the family Zerconidae, commonly referred to as zerconids, represent one of the
well-remgni zed groups within the order Mesosti gl
investigations on zerconids have been carried out across various regions of the country

including provincial, regional, and protected areasd to date, approximately 14pecies

have been recorded from T¢rkiye. Zerconi ds ¢
T¢rkiye (Karaca and Urhan, 2024)
The Central Anatolia Region, one of the seve

largestinterms ofarea,¢ce r i ng approxi mately 151, 000 kmj.
country, it comprises 13 provinces (Figure 1
the Southeastern Anatolia Regiorhe region is predominantly characterized by extensive
plateaus, steppe landscapes, and volcanic mountains, with Mount Erciyes, Mount Hasan, and
Mount Melendiz being the most prominent elevations. Lake Tuz, Lake Seyfe, and Lake Meke
represent the major wetland areas of the region. The continental climatéspitencaighout

Central Anatolia, featuring hot and dry summers and cold, snowy winters. The natural
vegetation mainly consists of steppe formations, dominated by species s@straamlus

Artemisig andVerbascumProminent protected areas intheregionc | ude Bozdaj, |
Sultan Marshes, Sojuksu, Al adajl ar , Tuz Lak
National ParkgUrl-1).

This study provides a short list of all zerconid species recorded from the Central Anatolia
Regi on of T¢ additioy te literature,pr@uioasly unresorded distribution data for

some zerconid species from several provinces is also provided. The present study aims to
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contribute to the understanding of both the biodiversity of the Central Anatolia Region and the

ove all acarofauna of T¢rkiye.

Sivas

Figure 1. Map of the Central Anatolia Region (not to scale, UfR) and the number of species of

zerconids recorded from the provinces

2. MATERIALS AND METHODS

In order to compile a short list of zerconid mitesorded from the Central Anatolia Region of
Terkiye, various sources from the | iteratur
provinces within the region (Figure 1) were reviewed, and species belonging to the family
Zerconidae were listed alphaiwatly in this section. In addition to the literature data, zerconid

mite species collected during field surveys conducted between 1999 and 2007 years in the
provinces of Ankar a, Eskikehir, Kayseri, and

3. RESULTS

3.1. Literature Records
Based on data from the literature, biological material collected from various localities across
different provinces of the Central Anatolia Region between 1979 and 2017 revealed the

presence of seven zerconid species belonging to a single(@atls 1). All of the mentioned
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species are members of the gedascon In this section, all zerconid mites reported from the

region a

provided.

re presented

al phabetically,

and t

Table 1. List of zerconid mites recorded from the Central Anatolia Region (L: literature records,

F: field surveys=species newly recorded from the region in this study).

Konya,Nev ke hi r ,

Urhan et

]
al ., 20

d
0

e and

Family: Zerconidae G. Canestrini, 1891
GenusZerconC. L. Koch, 1836

Type speciesZercon triangularisC. L. Koch, 1836

Sivas provinces.
‘Urhan[ 2807;:[5]: RajaaasanddJkhan, 20177 9 ;

For detailed diagnosis of the genus, see Urhan and Karaca, 2023.

3.1.1.Z. agnostuBgas zak,

Tur ki sh
2024).

Knowndi str

Tur ki sh
and Urhan, 2024).

records:

i buti on:
3.1.2.Z. cokelezicudJrhan, 2009

records:

Adana,

Af yonkarahi sar,

1979

ran
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Z. agnostus L/F
Z. cokelezicus L
Z. colligans L/F F
Z. denizliensis L
Z. encarpatus L
Z. ignobilis F
Z. inonunensis L/F
Z. insperatus L
Z. ozkani F
Z. peltatus F
Z. turcicus =
TOTAL -lal -] a4 -]2]-1-1-1-1-1- 2

* There are no records yet of zerconid mites
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Known distribution: T¢rkiye (Karaca and Ur ha
3.13.Z. colligansBerlese, 1920

Turkish records: Af yonkarahi sar, Amasya, An
Deni zl i, Edirne, Erzincan, Er zur um, Eski kel
Kerklareli, K¢gtahya, WMakisda] MeUsak, (Kafif daa

Kayseri (present study).
Known distribution: France, Iran, Italy, Russia, Sweden, Switzerland, Turkey (Karaca and
Urhan, 2024).
3.1.4.Z. denizliensidJrhan, 2011
Turkish records: AfyohkkareahirsarGirAapgdan, KRewm i
(Urhan, 2024).
Known distribution: T¢rkiye (Urhan, 2024).
3.1.5.Z. encarpatusAthiasHenriot, 1961
Turkish records: Kayseri (Urhan et al., 2003).

Known distribution: Algeria, Russia, T¢rkiye
3.1.6.Z.ignobilisBgaszak, 1979
Turkish records: Bol u, Kzmir, Mani sa (Ur han

Known distribution: T¢rkiye (Bgaszak, 1979).
3.1.7.Z. inonunensisUrhan, 2007

Turkish records: Af y o n k aahya,hVviarssa (UrhanEBsdkKiaraca,h i r ,

2022).

Known distribution: T¢rkiye (Urhan and Karac
3.18Z. insperatusBgaszak, 1979

Turkish records: Ankara (Bgdgaszak, 1979) .

Known distribution: T¢rkiye (Bgaszak, 1979).
3.1.9.Z. ozkaniUrhan&Ayy eél dez, 1994

Turkish records: Artvin, Erzurum, Giresubl§hammadDoustaresharaf et al., 202&nkara

(present study).

Known distribution: l ran, T¢r ki yeMollakmadaca et

Doustaresharaf et al., 2023
3.1.10.Z. peltatusC. L. Koch, 1836

Turkish records: Bolu, Denizli (Urhan, 2024), Ankara (prsent study).
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Known distribution: Austria, Bulgaria, Czechia, England, Germany, Hungary, Poland,
Romania, Slovakia, Spain, Turkey, Ukraine (Urhan, 2024).

3.1.11.Z. turcicusUrhan& Ayy el déz, 19914
Turkish records: Af yonkarahi sar, Aydeén, Den
Karaca, 2024), Yozgat (present study).

Known distribution: l ran, T¢rkiye (Urhan and

3.2. New Materials Recorded from the Region
Seven zerconid mite species were identified in biological materials collected from different
| ocalities in Ankar a, Eskikehir, Kayser. an i
2007 years (Table 2).

Figure 2. Collection sites of the newly reported er coni ds from t he region (A
¢caml éder e, -3Aln,kaB:a Knrrn¢4] EsKi kElpi mef r | Nei ghbour
Kayseri [Url -5], D: Yozgat Pine Grove National Park, Centre, Yozgat [UHE]).
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Table 2. NewZerconidae materials from the region presented in this study (Abbreviations = m:
meter, N: north, E: east,l : female,ll : male, DN: deutonymph, PN: protonymph).

Date Coordinates | Altitude | Habitat Locality Species / Number of specimens
(m)
18.04.1999 4 0 A2 9 . | 1412 Pinus nigra vicinity of Z. ozkani 1ll
32A31. ¢aml éder e| Z peltatus2l , 1DN, 2PN
¢taml éder e
30.04.2000 4 0 A2 8 . | 1430 Pinus nigra vicinity of Z.ignobilis: 1l , 2DN
32A31. taml eder e
¢taml éder e
13.04.2007| 3 9 A4 8 . | 1017 Quercussp. vicinity of THK Z. colligans 471 , 24l , 8DN, 2PN
30A9.5 moss (unspecified) Kn° n¢ Av i| Z inonunensisl07 , 63, 18DN, 11PN
Training Center,
Kn°ng, Es
13.04.2007 38 A4 1. | 1031 Salix triandra H¢er met ci Z. colligans 23 , 4l , 1DN
35A19. Neighbourhood,
Haceéel ar |
12.05.2003 3 9 A4 8 . | 1407 Pinus nigra Yozgat Pine Grove | Z. agnostus152 , 5@l
34A49. National Park, Z.turcicus 2| , 1l
Centre, Yozgat

4. DISCUSSION AND CONCLUSION

In this study, the diversity of zerconid mites was investigated across 13 provinces of the Central
Anatolia Region. In addition to previously published literature, data collected in earlier years
fromAnkar a, Eskikehir, K a-yvisich had not yetrbelen plblighgdat pr
are also presented. Although all zerconid species recorded from the region are listed based on
literature data and newly provided material, the findings do not represere  r egi on & s
species diversity of zerconids.

Located at the center of Tg¢rkiye and servin
Central Anatolia Region is rich in both flora and fauna. The region is dominated by steppe and
continental ecosysims, hosts numerous endemic and adaptive species, and contains wetlands
that enhance local biodiversity. However, to date, no comprehensive studies on zerconids have
been conducted in this region.

Regarding species diversity, four zerconid species have feperted from the provinces of
Ankara and Eskikehir, followed by two specie
zerconid species have been recorded from AKkK
Kony a, Nevkehir, Ni jJ de, and Sivas provinces.
The type localities (terra typZEZecan)agnostus,Z.he f o
cokelezicus, Z. denizliensis, Z. ignobilis, Z. inonunensis, Z. insperatus, Z. cakai,

turcicus All of them are known from the region. Among thedeagnostus, Z. ozkargndZ.

turcicus have also been recently reported from Iran (Karaca et al., 2017; Kavianpour et al.,
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2018; MohammaedDoustaresharaf et al., 2023The remaining five species are endemic to
T¢rkiye. Accor di n gofthe 11 zerconigspedies reponted framithe Central v e
Anatolia Region are endemic to Tg¢rkiye, the
interpreted at 45%. The other six species exhibit a broader distribution, extending across
Europe, North Afria, and the Middle East.
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FIRST FINDING OF DEUTONYMPH SPECIMENSOF PROZERCON CELALK
(ACARI: ZERCONIDAE)
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ABSTRACT

Zerconids are al-dwelling mites that predominantly prey on nematodes. As predators
inhabiting moss, plant debris, and other organic materials on the forest floor, they constitute an
important component of soil fauna. Members of this family are distributed in boreal and
subtropical forests, with the highest species diversity observed in temperate regions. This family

i's represented by 139 species in T¢grkiye., Sy
are currently ongoing in various regions of the countryesehcomprehensive investigations

often result in the identification of new species for science, new records for the Turkish
acarofauna, or the discovery of previously undescribed nymphal stages of known taxa. In the
present study, several biological madésiwere collected from Denizli province, located in

sout hwestern T¢rkiye, during April 2025. Th
apparatus consisting of assembled Berlese funnels and allowed to dry7fodaps.
Subsequently, the etharidl ed collection bottles located beneath the funnels were examined

in detail under a stereomicroscope. The extracted zerconids were treated with lactic acid and
glycerin for clarification prior to microscopic examination. For taxonomic identification,
zerconds were studied under a light microscope at 400x magnification. Among the identified
materials, three deutonymph specimens belonginBrtzercon celaliwere detected. This
species is endemic to Tg¢rkiye, withéiDeaizipr evi
and Mujla provinces. Notably, only male and
described prior to this study, hence, the deutonymphal stage is reported here for the first time.

A detailed description of the deutonymph, including setal sumegments and an original
illustration, is provided.

Key Words:mi t e, Mesostigmata, Denizli, Tg¢rkiye.
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1. INTRODUCTION

Mites are one of the invertebrate groups belonging to the class Arachnida within the phylum
Arthropoda. They range in size froapproximately 0.1 to 10 milimeters and inhabit diverse
environments, including soil, organic debris, aquatic habitats, stored products, house dust,
plants, and animals, where they may occur as both internal and external parasites. Mites exhibit

a remarkab} wide distribution from polar regions to deserand display substantial variation

in body structure, size, and behavior.

In the forest ecosystems, numerous small arthropods inhabit the litter layer of forest floors, the
majority of which are mitesntdeed, mites constitute approximately 80% of the microarthropod
community within soil fauna. Among them, soil mites represent one of the most abundant and
diverse groups of invertebrates in terrestrial ecosystems, both in terms of species richness and
popuation density. They play a crucial role in maintaining soil biological productivity by
facilitating the decomposition of organic matter, contributing to humus formation, conserving
essential biological elements, and stimulating fungal and bacterial mistalpGhilarov, 1963;

Peterson and Luxton, 1982).

Zerconids (members of the family Zerconidae) are one of the-kwelvn groups of
mesostigmatid mites in the Holoarctic region. Turkish Zerconidae fauna include two genus
(ProzerconandZercor) and 139 spees (Karaca, 2025Prozerconspp. are zerconids that are
generally smaller in size compared to those ofabeons p p . I n T¢grkiye, thei
more common in coastal regions characterized by a temperate climate, rather than in the inland
areaswhere a continental climate prevails. Among th&mzercon celalivas described as a

new species in 2010 from Honaz Mountain Nat.i
(Urhan, 2010). The species name iaeUndesity, cat ed
Faculty of Humanities and Social Sciences, Department of Archaeology). Previously, only
female and male specimens of this species were known from the type locality. However, no
nymphal stages had been reported until now. In the presegt deutonymphal specimens of

P. celaliwere discovered, described, and illustrated for the first time.

2. MATERIALS AND METHODS

The main material of this study is litter and moss samples collected from various habitats of
G kpéenar Nei ghbour h-Denidi,provin€a(Figute &)zt April 14,02025.t y
Standard methods commonly employed for the collection of biologicariadaten the study

area, their transfer to the laboratory, the extraction of soil mites, and the identification of
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zerconids were applied (Karaca, 2025). Idiosomal measurements were taken as micrometer,
and Sikora (2014) terminology was used for the idieation. Details of the localities where

materials ofP. celaliwere collected are presented below.

st locality: Apri | 14, 2025, 37A 46.9156 N, 29A 7.
Yazécéeojlu Dam Lake, Pamukk al Hter camplestuyder De n i
Oriental planePRlatanus orientalis

2nd locality: April 14, 2025, same locality, soil and litter samples under Turkish pimeig

brutia) and kermes oakQuercus coccifera

Figure 1. General view of habitat

3. RESULTS
A total of 3 deutonymph specimensRkafcelaliwere found in the research area, two specimens
from the first locality and one specimen from the second locality. In this section, the idiosomal

lengths, short descriptions, lengths of the opisthonotal setae and the distances between them
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(presented as avages) are provided for the identified deutonymphs. Additionally, an idiosomal

drawing of deutonymph specimen is also presented.

Family: Zerconidae G. Canestrini, 1891
GenusProzerconSellnick, 1943
Type speciesZercon fimbriatu<C. L. Koch, 1839

For ddailed diagnosis of the genus, see Urhan and Karaca, 2023.

Prozercon celalUrhan 2010 (Figure 2)
Deutonymph (n=3)
| déosomal m eRangas ofdemghs angl widths of idiosoma-368 micrometers

and 208215 micrometers, respectively.

204



Figure 2. | déosomal vi eRvcelalf(scaliedar:t1@) micronpeters)s p e c i me |
Short description: On podonotum, setgé, j3, z3z4, s3, s6, randr4-r5 finely barbed or
plumose, all remaining podonotal set@e j@-j6, z2, 2526, sts2ands4s5 smooth and needle
like. Gland poregdsllocated betweej andsl, closer tosl, gland poregdj4 located between
j3 andz4, closer taz4, gland poregyds4located betwees4 andsb Podonotal shields nebulous,
mainly smooth. Owpisthonotum, all setae finely barbed or plumose, except marginal Sétae (
andR1-R5. All marginal setae smooth and neelike. Only setaJ4r eac hi ng t he f ol
bases on opisthonotum. Seks S3andS5reaching beyond of opisthonotum. S8#abnt.
The range betweer5Z5 42-48 andZ5-JV5 13-16, respectively. Gland poigdZ1 located
above the base dfl, gland poregdS2ocated betwee82andS3 closer td52 gland poreydZ3
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located betweez3 and R5, closer t0Z3, gland poregdS5located abovehe base ofSh
Opisthonotal shields covered with small, distinct spots and irregular cavities.
Measurements for opisthonotal setaeAverage lengths of opisthonotal setae and distances
between their bases in deutonymph specimeis oélaliwere given inTable 1.

Table 1. Average measurements for deutonymph
J1 13 Z1 8 S1 6
J1-J2 28 Z21-72 28 SkS2 19
J2 13 Z2 10 S2 10
J2-J3 23 22-73 28 S2S3 25
J3 13 Z3 10 S3 30
J3-J4 18 7374 18 S354 -
J4 8 Z4 13 S4 -
J4-35 18 Z4-75 35 S4S5 -
J5 8 Z5 25 S5 33

4. DISCUSSION AND CONCLUSION

In this study, deutonymph specimengotelaliwas found for the first time. Its desciption and

drawing was presented. It was determined that this endemic zerconid species reported from
Deni zli (Honaz Mountain National Park) and M
(Figure 3) (Urhan, 2010;ldan and Karaca, 2024). For the potential geographic distribution of

this species, it can be reported from Antalya and Isparta provinces (in the Mediterranean region

of T¢rkiye) as wel |l as the islands of Rhodes
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Figure 3. Known distribution of P. celali(red stars indicate the recorded areas of the specjes
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BKTKK PATORPORGWKKZMALARI N TEKHKSKNDE CRI ¢
UYGULAMALARI

CRISPR/CasBASED IMPLEMENTATIONS IN THE DIAGNOSIS OF PLANT
PATHOGENEIC MICROORGANISMS

Dr ¥7Jr. lyesi Berna BAK
Gaziantep | niversitesi, Fen Edebiyat F
bernabas01@gmail.conORCID ID: 0000:000324552849

¥ZET

Fitopatojen organizmal arén neden ol duju bit
créeén kayeéepl ar e CRISPR®A s at- evkarka laajéir s. i infekteld]
organi zmayé tyekkhilsi redepateknsbh¢yel e sahiptir.

araxkxteéermal arda bitki patojen mikroorgani zmal
CRI SPR/ Casl2a sisteminin tekhis ama-1¢é& kull a
patojen mm kr oor gani zmal arén morfolojiye dayaleée Kk
al mase, deneyim gerektirmesi, hatal @ sonu-

kull anél an klasik PCR prosed¢rlerindekeée real
eki pman i htiyaceée vV e arazide yerinde tekhis
arakterecélar CRISPR/ Cas 6a dayaleée texkhis pr

daha y¢ksek verimli, hata payé ecdGRISRR/@agl2ay, kK Vv e
sistemj DNA - iifpgl i k-i kl elrdr éegzveyantdel esnmetri k deji
kesimley a p maesceni yl e DNA tamir mekani zmasénén d
PAM b°l gesinden uzakt a kesi m bydmmase&l ayser ié k

arteéermaktadeér. Sunul an bu derl eme de CRI SPR/
bit ki hastal ékl arénén ger-ek zamanl é& texkhis
sonu-|laréyla g°sterilmicktir.

Anahtar kelimeler: CRISPRCas 12a, bit ki pat oj ent enk Kkir©oor gan

ABSTRACT

Plant diseases caused by phytopathogenic organisms lead to significant yield losses in many
agricultural products. CRISRPRas technology has great potential for identifying pathiegen
organisms within infected plants. Numerous studies on the subject have highlighted the use of
the CRISPR/Casl2a system, designed and optimized for the detection of plant pathogenic
microorganisms, for diagnostic purposes. Due to the-tiomsuming, denrading experience,

and tendency to yield inaccurate results associated with conventional morphakegy
identification methods for plant pathogenic microorganisms, the long reaction times of
conventional PCR procedures used for molecular diagnosticsnethé for sophisticated
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equipment, and their unsuitability for-site field diagnosis, researchers have begun to focus
on CRISPR/Cabased diagnostic programs. The CRISPR/Casl2a system, which is simpler,
more efficient, less prone to error, and adaptabl@itferent conditions, allows for more
efficient DNA repair by producing staggered ends, rather than blunt ends, bred&slda
strandedNA (or threads). Its cutting distance from the PAM region increases the possibilities
for new nucleic acid recogmn sites. This review demonstrates the successful application of
CRISPR/Casl2based molecular diagnostic methods in-teaé diagnosis of plant diseases
through various research results.

Key words: CRISPRCas12a, plant pathogenic microorganisms, rd@gnosis

1. GKRKK

Taréem ¢reéenlerinde bit ki hastaléek ve zararl é
genel i nde-%4e0l Ideokl a%20r énda ol dju] Gedahmigveadi
gel ecejini tehdit eden ¢r¢é¢n hayegpylecyredekkl ron
bi yoteknol oji si ve biyol oji deki -Casesistemiytee k no |
n¢gkl ei k a®i td ayastddgi el etremhi sl erinin son derec
ol arak ger-eklextini gméeéskdmterBhyhegezbienkibk
d°nemde °nl enmesi ykrhemgt gnakakéepl bméendlagakbz al m
hem de gédas greddrngneis Isnajjnl.ayacakt er

D¢zenl i Ar al ekl & Pal ilindé faderedilen CRESRR, hakteriKagkeae | e r i
gi bi prokaryoti k organizmal arén genomlar énda

[2. CRISPRCas sisteminin efekt°rlerine g°re séne
yapéséna g°re dejifkémggnepl &a&r yapéel arBna g°r

Yapésée en iyl bilinen en -ok -aleéexkxélan grup
Texkhi s amacéyl-GRIuSyPgRI | Gaansaln2 aR PsA st e mi 4 akKkamal
tek te¢p 1 -diindree keeretdeggr.e Baunl ar DNAO dak),DHA i haz
czerinde belirlenen bS8Sékgansa REgaciREAMiIEMg al t
ayréel ma avwdmasak)( ve3d |l oresan ol arak [@°r ¢nme
tok bauyakl @&l ekl a - al ek a mattdfemtagrand ¢ z ebgedDBIA | kK1 e
tekhi si yapabilme ©°zellijiyle patojenle inf
ol anajé sBumakamtd@&jrbarzéndganeaaCRa S BR da ybaull éu n

metotl arénnéar al tesk agaramashdaDNA/ RNA hazér |l éje, Kk
(g RNA) t r@pertarr peobeétercinvb. ad é ml ar tekni k s¢grecin Kk
ol makt adeéer .CRBRR tekwolojisinifarbzgeruyarlaoma sé&énnl éa nhékrt.a d € r

Yine de -0k y°nl ¢l ¢]J e s aCRISPRChaisr nteea kortil kar@lnmans
©zeldealjdcek iyredoV atridfakit eknol ojilerin destefji)
d¢zenekl erin kurulumuna uygun hale gel ecekti

Ftopat ojen organi zmal arén texkhi si i -in de kul
il e erken tané ol anakl aré sunmakt aalvéek npaaltaorj:
yapeéel makBPCaydléeéerce hedefe y°nel i k Hinlnegine zekmimr u ma |
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hazmnalka aSduénru.l an b u der | eme de CRI SPR/ Cas 112
yonteminikm hastal ékl ar édebakgeéykeld uwwpgahbpeabi
araktéerma sonu-|lareéyla g°sterilmicktir.

2. CRISPR-CasTeknolojilerinde CRISPR-Cas 12a 6nén ¢l ekma Prensi

CRISPRCas12a i ki t emel bil ekenden meyddeka gel
i plikeli aviuz RRA[E(GaRSNAp)r ot e i nilebikrél MeskigiunizlikteR N A

hareket ederekDNA rizrede her hangi Ioilir.r gRNA° 9 gelye védalj
programlanabilir bir kKkeki-Cdeckaswrlr émamabi heru
hedefDNA ¢z er i nde kompl elmne thtaé¢el rakbli tr Bdbean .spreay Cas

proteini konformasyoneled] i ki m ge-irerek emdldkamegkt etz BRt il
DNA 6yé PAM 6dan il erde ImektedrpRékgPNAD)Y a6 Mmede
yerahn PAM (Protospacer gRNAadbant aMotEei b | lgkilsg e
beligred Cas enzi-fmiar DaNlIAaedad a |tgmaspkraétianp ar - al a ma
akti vit e saktad. Mlarsy ar -- &lka maf aarkktlieviONAS ipr obe, re
gibi fragmentleri de kesebl me ©°©z el | i J i.niBu fyaedgea rneayarfidczkMleldii k'l e
b°el gataceéeyeéipinyal asneek ansl|l arée ¢retilebilecek ve
Kekil de n¢klei k asite dayal é tekhisler yapél

(crRNA)

I |

Kilavuz RNA (gRNA)
Cas12a proteini

Kilavuz RNA
(gRNA)

— 4
m
_—_—— E
L et e —
_———————
PAM HedefDNA W

Kesilen
bélge

CRISPR/Cas12a protein kompleksi

k e k i CRISRBRCasl12a proteini vgRNA 6 n € B me | . K eKnedgRM®A wez Casl2a proteini
bir |l €asipoteimh ¢ k| eaz aktivitesi kazanér ve hedef

211



21Bit ki Patolojisinde CRISPRaACaseRi Ot @gaminz2mdt
¢al ékmal ar é

Tar ém b izarak vetemaktern ®ingusyibi patojenmikroor gani zmal ar én k|

y°ntempatonpdel erin bitkilerden izolasyonu ve
kolonilerin seleksiyonu s el ekt e ol an kolonilerin tekrar Kk
fizyolojik ve biyokimyasal testler, RCR testlesekanslama a | & K mavli a rad negkl ei k
-al ékxmal aré ol duk-a uzun zaman al bmathg aaa, | abo

a Kk a madkrakr deneyim gerektirmektedir[7]. Labor at uvar dékéndaki
-al ekmal aréna wuygun ol mayan b uCasti2a mibiyshha r di :

arakt éer marlanabilenn a etwky | i , prati k, duy aitne é vV e
yonl endi Kis latt @ad ORISRREds aistemi (Clustered Regularly Interspaced

Short Palindromic RepeatsLRISPRassociated protein)d ¢ z e n | i aral ekl arl a |
palindromik tekrarldlC Rl SPR il e il gi | i pr ot edknakiteenini i f ac
tanésénda baxkar[&¥gl a kull anél maktadeéer

Recombi nase pol ymer ase amp | iCfaisclatai otna n(éER P&AI) s
biri kt e kul Bhnheékalyakvadgnapértheorgzaefuagusunn 10 Ol kadar
dée¢kéek mi ktagaakd Kk DNKA hassasiyetl e, fl@gusa °
Ar akt élgiméudgasa ait - al ek el ané n8i0r ¢il 2od Isigitleeemkdu Irlmeen € |
patojenisite genlerinden tyr dsijuaRa isePnRz i e ng

hedefe di ] i belirte- gen olarak se-ilmiktir. Kn
6l ar PCR O6dan daha basit bir t e-Rasl2&ktaym|l an R
sistemiyle kombine edilmicktir.

CRISPR/Cas12g ° ntnema st al é k tsei,rhda ded ngdeEndiead s \edeakmaeys &

cl keltaréen ar azil egreimrdiek | yee rdien dkeuid ¢ e g e hnrak tui yrgnuen
ar aktlarmrel dat ayddapreh sna kbi t ki |l erin meyvelerinde
bojazéenda - ¢r ¢ Phgtbpathom symirggade e aonl Eafi€lIPR/&asl2a ile
hezl & wvteekdhuysaryl®°éent e pd]. g@pt kmal i konkuhtli ar én be
el e al éemnnbg¢sy®emi r | i IPihiparnalis P.pamsvara Pericotianae i - i n
ve P. citrophthoraf u n g uwlad earr €me y eve @RISPR/GesIa sistemiyle sadéte
syringaepozitifs onu- ver mi Ktir. Patojen organi zmaneén
recombinase polymerase @GRpEPRI Casldani Kk R@&ADIi t
fl oresan ékxékla -ok fonksiyonlsu erii kr a aghlaa K &a z
ve deneyi mlii ki ki gerektireni &k adalk. P&LmRaspé& o
tamaml anérken bu denemede daha lamukctiuhra z | Bae n3:
Kekidli §ger birf arrkalkéd éa ajardaf i k al| Rhytbpathotesojae t op | a

fungal i zol atl ar én be¢y ¢k bi r -CRISPR/€asl2a& | é k| a
kombi nasyonul[lRg €&sl?a sistemirklaskktPER ilelbir kt e kul | anél dé
pg ‘fdgalDNA6ya i htiya- duyulurken, RPA ile birl
pg ‘kataf ungal DNA yeterli ol mukRPACRISPR/@kl2aa z bi |
tekni i uygun emaltiryennigk ampaglt athiafssasi yet. n
gemr ¢kl erde hem -exi t !l arazilerde °rnekl eri

tekhis kol aylAyj]-é pedind psnakt g8 e dRapdkthemaiamnthi et me n
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fungusununRPA/CRISPRCasl12a sistemigl hézl & ve dojru bir t ani
amaceéeyl a bir arf[as tké gmad i y p@éplojoasketideyrr ¢ daylis5n d a

tamamladupsn@é ru-1 ar hem fl oresan si ny allerijek uma i
el de e dirlamit katopere gehomik DNA tespitii - s on  dleresanaisyaln d a |,
(FS)ok uma t e st tDNA & n,dateral flgwgestOAT) k er i t 1 eri i*-in is

DNAG6nén yet egPCRi -oskidOu j pd@N@I kul | A n & H odrjliéspite e

edil en genomi klasibogZN(NC Rni ikltearkd &ayrses | andéej énda Cas
yeni sisterde FS testin10 katve LFT testini se 100 kadl d@afhma dmnglatr ¢ c&i
Sojan k°%°k -¢r ¢kl ¢] ¢ ne nketineniSetaphom#erredtnsieimglisyt  f un g
gemr ¢kl erde karantina kapsaménddgl4ei Bubamgirt i
patojenin hézl é ve g¢¥arsill2iar stiasrnt @xé nis- ipm pRP A
gel i Kt jl4. DénemedgPCR ileS. terrestri® itre k hi si HONA 1k plgl. &h el ér
Casl1l2a i 1TBNAUR feftagta®E 10°gr am tayidédid)i i rapor edi |
Kl gili Staresidmabgan beYdl pesi akraba ol an ene ol ma
fariebadece bu patojene °pgpaseéek aRMMAepmnierl ¢ er i
tasareéemé i -Yiank| sa& €ik| a4iOws todnauk-i kwaear e-CaslRaPR £A/KORISS P F
prot &karésggis -gaomr ¢kl erde ve kar ant iekyagangdfirl gel er
nitelijdedathli enem . n¢gkl ei k asit sek@RSPRar éné
Casl2s i stemi -ok -exitli mi Kk r potansigeBunni nzankat | aadréa u 'y

Buj dayda bakalkusgramgdmingakneémmeniy |l e i nfeksiyond
patojenin sadecd f “ftotdD DNA 6 sGRISPRCas12an ¢ k | e i k teatigle téspitt a n &
edi | MBkQyisra kl asi k standart PCRgoardhghbadaa
kul | aneélCash2k enaidléintranspar - al ama ©° z e F.lgiahinearam day an
fungusumnnE F 1 U f a K$kPOrl ¢gresskans dizilerindeh e | i r't ®NAopaoakar &
tasarlamé k ve kél avuz up@&dAkbai bandH G kiylaanatceejyd lat €
F.graminearumilei nf ekt el i bujdaylarda il k g°zle g°r ¢
sonra ortaoup[lel,ekkmakt d@d ané ty%rmptidmleedriilyelne pat o
geli ktierkebibetkk kKo9netmammgéeabdaebarl|l ar azal't
Karpuzdameyvelerdek ahver enk | i Ibakteriyed patiojenrAcidgvorax t cierudli

etmen CRISPR/LbCasl2met od ol o] i sflores&nainydllerlea®ézl gaggla kol ar ak t
edi lvhrei kKd e n e me Erwinia arhcheiplila Pseudomonas syringa&anthomonas
campestrigg i b i dijer fitopatojen baktldrAcitloeorak e - ap
citrulli bakterisinden izole edile@ , 7 kopye/ Ol mi kt ardaki - DNA t
Casl2 sisteminiklasikPCRve qPCR 6dan 1 ®m0 dkwgtu daHaiduyamlk
Knsan vir ¢asnederadatbARSER/2,&Zikag Bbola, HP\Yibi organizmalara ait

viral n ¢ k llegninlde CRISPRCastsiatgmiyley ap €l an aaatkareamal ar
sonubludmunmalk8. adBol ay s éy lesne bdea tykrianabilem CRISPR
teknolojisiyle domateste ¢re¢n senspl &NAna i me
ToBRFVA i n t ahaseér al flow assddP. (OTBBRRFVI @i t gs¢

infekteli bitkilerden tayininde pozitfenu- | ar al enmek ol sa da, ° 7
izol asyonu, -evresel faktorl er ve °rnekl eri
kokull arda muhafaza edil mesi CRI SPR sistemir
[18]. Rehi drsaysoynounn as oudy,igun °rnekl eme -al ékmal ar ¢
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il e tekhislerde gerekl: olan n¢gklei k asitler

i -eren sol ¢syonl ar én soj uk zincirde i Nk ¢ be
kontaminasp n  r i s ki nj[20.ar% Zelalciakklteern¢skl ei k asit - 0]
patojenin bitki i yd midlei kleerhe si hetdiiyl ae-b i dwelceiq ma

3.S0NU¢ DEJERLENDKRME

Tar éms al cretim sezonu fQpOyueacmephtoegemaolkggan
yapél airtaki hastal ékl aréen&€mas l€rak ey ° ntteemd syd e C
g°r ¢ nmeBatseidti,r .ucuz, hezl e, duyariCasveg®kebi ml
negklei k asit tayin ykRen etmad kK hoii stikn d enh arsa dail kakll ad
RNA-y ° nel i ml i pICRyg IS®MRI a4 e&kiolliof i sinin uyarl ana
end¢gstrilerd&k gelkeddhkt eal anl aerdlae nmi thdapbed s @raa |
edilebi | ecek geamki mkanékudedrmmbaki adet | er €assahi p
t eknol a¢likld eid ius I®agréadraas @ i careti nin Kaeamtigal d e j e
uygul amal aréenet deeamandéyakcae&kgedacecmnadgazirli srin

°l - ¢ml ervk hyaaspg&all &rk erkenmmg air @i gleihlagsitlael réik t ahmin
kul | ané&it.BPlyil lereemdesks tkentrotyk® net g mg |l kaybénda azal m
oumcakKtaa®khi s ama-1é& CRISPR sisteminim dezayv
RPA reaksiyonunda kulilhatnded gaenu jtua nPpzoenl -klaozkeu Itlia
gemr ¢kl erde veya yerinde tekhisi zor |l akt ér ma
omana s é&j er bir dezavantaj deéer .olBuw |Inéekd ean luey g°uzl ealy
kol ayl ékta dék -evre kokull aréenda -al ékeél abi
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ABSTRACT

Currently, detection of antibiotics in water
rapid growth of the pharmaceutical industry,
(CI ) one of the most -gemenmat iyorndeftlewdradquihna
particularly found in wastewater treatment p
Cl-Pol l uted water wunder sunlight oitsocatm@rd gmiirse
potenti al approach for treating water cont at

wastewater treatment strategy utdolpiezdgsTisCe mi c
Ti2Dp photocatal yst was prteipoanr erde tuhsoidn.g Tah e w epth
perfor mantieOpéci menCwas evaluated for the de
el imination of CIP within 30 minutes.- The e
simul ated | ight iirnreaddi ati on was al so exam

Keywords:Ant i bi ot-dopeadcaaibprnmof | axacin, photocatal

1. INTRODUCTION

The growth of the pharmaceutical industry has led to the detection of significant levels of
antibiotics in water bodies, primarily a secegeheration fluoroquinolone antibiotic known as
CIP. This effective antibacterial and aimtflammatory antibiotic igarticularly used in both
human and veterinary medicine, particularly in the treatment of conditions such as digestive,
skin, and urinary tract infections, featuring a quinolone structure and a piperazine moiety. The
presence of CIP traces even at lowaartrations contributes to the formation of antibiotic
resistant bacteria and resistance genes, which in turn have@tongnpact on human health.
Hence, the removal of CIP from the environment is necessary to improve water quality.
(Agalya, Krishna Veni, Nehru, & Eswaramoorthy, 2025; Batterjee et al., 2022; Chen, Yao,
Huang, Gong, & Chu, 2018; Hu et al., 2020; Shehu Imam, Adnan, & Mohd Kaus, 2018)
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Conventional methods are inadequate for eliminating CIP due to Hsedigiant nature.
Thereby, TiQ photocatalysis has attracted interest as an environmentally friendly and efficient
method to achieve cqptete mineralization. Ti@based photocatalysts are attractive in water
treatment due to their biological and chemical inertness, as well as their nontoxic properties
(Chen et al., 2018; Disha & Kumar, 20E3;Kemary, EtShamy, & EsMehasseb, 2010; Hu et

al., 2020)

Several modification attempts have been made to improve solar energy utilization and extend
the photeresponse of Ti( Bi r ben Nazmiye et al ., 2016; Bir
¢ € n ar ,Doping &f Gopmetal ions, especially carbon, is a preimg strategy for preparing

TiO2 photocatalysts that are active under visiblelight a | - € n  eYglcireet al. prep&eai 1 0 )
a series of nitrogen, sulfur, and carbdwped TiQ photocatalysts via an incipient wet
impregnation method Y al - € n e Theyanvestigted2zaCcdntbipation of experimental

and computational approaches to characterize the impact of anions on the electronic and
structural features of Ti© In another photocatalytic study, the photocatalytic activities of
nitrogen, sulfur, carbon, and sulfuthegendoped TiQ specimens were examined on the
degradation of humic aci@irben Nazmiye et al., 2016%hi et al. prepared carbon setiped

TiO> flakes using a hydrothermal method and investigated their photocatffytiency on

the degradation of CIEShi, Wang, He, Li, & Niu, 2015)

The primary focus of this study was timyestigation of the photocatalytic activity of the C
TiO2 photocatalyst. The photocatalytic degradation of CIP was studied using-Th@.C
specimen prepared by the wet impregnation method. Moreover, the initial CIP concentration
was assessed for its imghan the photocatalytic performance of thdi0, specimen.

2. MATERIALS

TiO2 (Evonik), glucose (Sigmaldrich), and CIP (Cipro) were used without further treatment.

The GTiO2 specimen containing 0.50 wt% was prepared by the wet impregnation metieod. T
detailed synthesis procedure and characterization findings were presented in our previous study
(yal -én et al ., 2010)

The photocatalytic activity experimentstbé GTiO2 specimen werassessed by degrading 50
mL of CIP (0.25 g/L) antibiotic solution at @ncentration of 0.25 g/L. The solution was
irradiated from above usi3I@W asmaso@SskaldionUl t ra V

3.RESULTS AND DISCUSSION

The initial spectra of CIP exhibited a maximum absorption bahd=t 276 nm, relating to
thé * electronic transitions of the aromat.
intensities of the absorbance bands during the photocatalytic procesiedethe photocatalytic
degradation of CIP.
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The photocatalytic removal efficiency of CIP was acquired by avid\spectrometer dtmax=
276 nmand calculated by equation (1):

Removal efficiency, % ((A) -A)/A)) x 1C (1)

where,A, andA; are the absorbances of CIP at initial and tirmespectively.

In the presence of a 10 mg/L CIP solution, th&iO. specimen achieved a photocatalytic
removal efficiency of 90% for this antibiotic after 30 minutes (Figure 2 &j)et al. reported

that a mineralization of CIP was approximately 70% in 6 hours in the presence efitped

TiO2 flakes, while a mineralization of about 35% was achieved upon the usdaged TiQ
sheetgShi et al., 2015)These values were significantly loweathour obtained results for the
photocatalytic degradation of CIP. The influence of the initial CIP concentration on the CIP
removal at 20 min of degradation time was presented in Figure 2 (b). It was observed that the
degradation of CIP decreased to 57%ha highest CIP concentration of 30 mg/L.
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Figure 2. Photocatalytic degradation of CIP upon the usthefiGTiO2 specimen (ajime-
dependent and (b) initial CIP concentration.

4. CONCLUSION

The photocatal yt i ci ndveegsrtaidgaattTaodd puestiindé Pa 8Ga Bt he
by a wet i mpregnation method. It was found t
in a 90% phot ocat alingy30insnutes.eAm@nhanted phbtécatalytice n c y
performance was achieved wihremoval efficiency of 90% in 30 minutes using th&iO>

specimen. An increased initial concentration led to a lower degradation of CIP, which was 57%

at a concentration of 30 mg/L CIP.
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ABSTRACT

The textile industry plays a key economic r
countries. Vat dyes are known as highly per:¢
for their wide application iastaoaessesnpapngecctel
watienrsol ubl e complex dyes are commonly wused
treatment of textile wastewater, which cont a

significantly contriemyvti e®ontmenwal edamalgleut Thne
of four vat dyes (Vat Red 1 (VR1), Vat Bl ue
(VG1l)) was deter mi ned nf osmeltihceod f i Thée Pr m&ox s 8
was used t omecdalacnullaetteatlh@d awees (aln@ endpoint s
Among the vat dyes, VBlIohad82000 mgghkgstnpr sva
toxicity class 6.

Keywords:i n s liDko,iPmTox 3.0, toxicity, vat dyes.

1.INTRODUCTION

Vat dyes and their derivatives are practically soluble only in concentrated sulfuric acid, and
these dye compounds are insoluble in water. Chromophore groups can enhance color behavior,
which are primarily carbonyl groups containing a conjaddtond system. Carbonyl groups
affect dyeing properties, dye stability and dye diffusion. Auxochromic groups in vat dyes are
responsible for the absorption wavelength and intensity. These dyes can be classified as indigo
and anthraquinone dyes accordingtieir structures containing two or more carbonyl groups.
They are derived from ignitable, corrosive, or toxic raw compounds. Vat dyes offer high

f a s tim etoa and cellulosic material dyeing, requiring temperature control during the
dyeing process faoptimal color absorption. Despite the insolubility of vat dyes in water,a non
renewable reducing agent such as sodium dithionite is required for dfemg v a't dyei

process is based on reducitnsooml urbd aec td dladsr, a ntt |
correspondohgblwat eeruco compounds, thereby
heterogeneous reaction occurs primarily thro
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the dye mol ecules on the sur fdauccei.n gT haegne n tt hree
the formation (Bfogtihe alnelu Ko kfodr,m.2008; Khatt al
2024; Sutlovil et al., 2021: Yang et al., 20

The novelty of this toxicity study was the assessment of four vat &&k, (VB1, VY1, and

VG1) by using ann silico method for the first time. The ProTox 3.0 opgab platform was

used to calculate the lspvalues and endpoints of four vat dyes. Our study also aimed to
provide a toxicological profile and evaluate the chemical risks of selected vat dyes using
modern corputational methods.

2. MATERIALS

The potential toxicological profiles of four vat dyes were determined by anvegleim silico
platform (https://tox.charite.de/protox3/), ProTox 3(Banerjee et al., 2024) This
computational method utilizes machine learning algorithms to predict toxicity acwoiske a
range of endpoints, such as mutagenicity, carcinogenicity, immunotoxicity, and acute toxicity.
Further detailsn silico approach were presented in our previous s{ilidykten et al., 2025)

The chemical structures of the four dyes are presented in Figure 1.

© (d

Figure 1. The chemical structures of (a)VR1, (b) VB1, (c¢) VY1, and (d) VG1 (Carbon: grey;
hydrogen: white; nitrogen: blue; oxygen: red; sulfur: yellow; chlorine: green).

3.RESULTS AND DISCUSSION

The acute toxic effects were determined by predictedo Malues for vat dyes and were
summarized in Table 1. According to the results from ProTox 3.0, the highest estimaged LD
value for the VB1 vat dye was 32000 mg/kg, while the loweshBlues belonging to VY1

and VG1 dyes were found to be 500 mg/kg andl é1g/kg, respectively. The VB1 dye was
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classified in predicted toxicity class 6 as relatively harmless. The other three vat dyes (VR1,

VY1, and VG1) were slightly harmless and classified in the predicted toxicity class of 4.

Tabl®he .pr eciodtogd ctadxicl ass of selected vat
Predicted LDsgo Predicted Prediction octangl{water
vat Dyes mg/kg Toxicity Class accuracy pgr'tltlon
coefficient(logP)
VR1 1000 4 67% 6.10
VB1 32000 6 100% 3.09
VY1 500 4 67% 3.07
VGl 671 4 69% 8.18
Endpoints and organ toxicity identified the
were presented in Tables 2 andbr3ai nAldarfroiuerr \
permeability, i ncifd setcit’sg omo tneerrtviea Ic ed il rse catn d
VR1 vat dye was ecotoxic and posed potenti al
and VG1 dyes were inactive in terms of ecot
exhibitedacmuitvaigteyn,i ci ndi cating the potenti al
health risks. Both VR1 and VB1 dyes were nut
of contaminated food. VBl dye was found to
prva ding potenti al cancer development risk a
regarding the cardiovascular toxicity relate

Tabl®he& . predicted toxicity endpoints

Vat Toxicity Endpoints

Dyes Immunotoxicity Mutagenicity Cytotoxicity BBB Ecotoxicity Clinical - Nutritional

toxicity toxicity
VR1 Inactive Inactive Inactive Active Active Inactive Active
VB1 Inactive Active Inactive Active Inactive Active Active
VY1l Active Active Inactive Active Inactive Inactive Inactive
VGl Active Active Inactive Active Inactive Inactive Inactive

Tabl¥®eh&8 .predicted organ toxicity

Organ Toxicity

Vat g

Dyes Hepatotoxicity Neurotoxicity Nephrotoxicity Ri;g;(ﬁ?ry Cardiotoxicity Carcinogenicity
VR1 Active Inactive Inactive Inactive Inactive Inactive
VB1 Active Active Inactive Active Inactive Active
VY1l Inactive Active Inactive Active Inactive Inactive
VG1 Inactive Inactive Active Active Inactive Inactive
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4. CONCLUSION

The predicted toxicity profile of four wvat ¢
usi nign asmeltihcood. The selected key endpoints, i
cytotoxicity, BBB permeability, ecotoxicity,

to provide a comprehensive appraogacltkkst oft vetp
Based on t he r es watdtyss(\(RL, VVPLraodiViLy e Fligldtly hatmless e e

and classified in predicted t oixpredictadyoxicityl as s 4
class 6 as relatively harmless VB 1, VY1, and VG1 dyes repre
whereas VB1 dye was carcinogeni c.
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belgin.senkal@yobu.eduitr0000-:0001-7330-8098

ABSTRACT

Safflower Carthamus tinctoriud..) is an oilseed crop from the Asteraceae family cultivated
worldwide. Its deeggrowing root structure makes it highly resistant to drought. Safflower
petals are used as food colorants due to their pigments. The capitulum contains flowers of
various coles, including white, yellow, orange, and red. Global demand for natural colorants
is increasing. Therefore, color pigments obtained from safflower flowers have significant
potential as natural colorants in the food industry. This study was conductedsasamy
safflower cultivars in Yozgat ecological conditions using a randomized complete block design
with three replications. Flower yield per plant for cultivars grown without irrigation ranged
from 0.11 to 1.20 g. The highest flower yield was obtained fitwrLinas cultivar. According

to literature data, safflower flower yield averagesl40 kg/ha, and it is reported that flower
yield is affected by genotype and growing conditions. The findings indicate that safflower
cultivation for flower production carbe implemented in Yozgat and similar ecological
conditions. However, trials in different locations are needed to determine the appropriate

genotype(s) and appropriate cultural practices.

Key Words: Safflower, variety, flower yield.

1. INTRODUCTION

Safflower Carthamus tinctoriug..) is an oilseed crop from the Asteraceae family cultivated
worldwide. Its deepooted root structure makes it highly resistant to drought. Its high tolerance
to both cold and heat make it an alternative crop suitableytaral farming (Emongor, 2010;
Hussain et al., 2016).
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Safflower, an ancient oil seed crop, is cultivated for oil production, medicinal applications, bird
seed, food coloring derived from its flowers, and traditional medicine (Sabaghnia et al., 2024).
The oil obtained from its seeds is used in food, industrial purposes, and biodiesel production
(1T kel e- et al ., 2011) . FI ower receptacl es
yellow, orange, and red. Safflower petals are among the plants usatialorants due to

their pigment content. Carthamin, derived from safflower flowers, is of great importance as a
natural dye (Jadhav and Joshi, 2015; Pu et al., 2021).

Global demand for natural colorants is on the rise. Therefore, color pigmemnsdd&gom

safflower flowers have significant potential as natural colorants in the food industry.
Furthermore, extracts from safflower flowers exhibit a wide range of biological activities
(Salem et al ., 2014; Er baxk a i prbteirt, talciona n 20
magnesium, and potassium. Therefore, herbal tea made from flower petals is particularly

popular in China and India (Yin et al., 2024).

The flavonoid and phenolic compounds in the flowers increase antioxidant capacity, providing
an alvantage in functional food production. Extracts obtained from safflower flowers are used
as natural colorants, particularly in dairy products, beverages, confectionery, baked goods, and
sauces. Dried safflower flowers are included in spice blends. Dimeitoflavor and aroma,

they are preferred as "false saffron” in rice, soup, and meat dishes (Emongor, 2010). They are
also used in folk medicine for many illnesses and conditions (whooping cough, chronic
bronchitis, and pneumonia, among others) (Delshad,2018). Safflower flowers are used in

medicine, cosmetics, food, textiles, and carpet coloring (Emongor, 2010).

This study was conducted to determine the petal yields of safflower cultivars grown in semi

arid climates.

2. MATERIALS AND METHODS

Tri al sowing was <carried out otre Ydxgat Botok 2 2 , Z
University Agricultural Application and Research Center. The experiment was set up in a
randomized complete block design with three repbcs. Seven safflower cultivars (Linas,
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number of rows in the plots was four, with 30 cm row spacing and 5 cm row spacing. Weed

control was done manually. Naigation or fertilization was applied. For flower harvest, 10

plants were taken from each plot on August 6, 2025. Flowers from each variety were collected

from the plants and allowed to dry at room temperature. Each flower was weighed individually

on a pecision scale on August 15, 2025. The data obtained were subjected to variance analysis

using the TARIST package program and the differences between the means were determined
by the Least Significant Difference (LSD) test.

3. RESULTS AND DISCUSSION

The variance analysis results for the flower yield of the seven safflower cultivars included in

the study are presented in Table 1, and the mean flower yield \aldakfference groupings

are presented in Table 2.

Table 1. Variance Analysis Results floFlower Yield Obtained from Safflower Varieties

Sources of Degrees of Sum of Squares| Mean Squares Calculated F
Variation Freedom
Recurrence 2 0.023 0.012 0.815ns
Cultivar 6 0.754 0.126 8.722**
ERROR 12 0.173 0.014
General 20 0.951 0.048

** Statistically significant at the 1% level
ns: Not statistically significant

According to the results of the variance analysis, statistical significance was recorded at the

0.01 level between the flower yield values of the cultivars (Table 1)higest flower yield

wa s

obt ai

ned

from

t he L

i nas and

Ko -

cul tiva

cultivars were statistically included in the same group. The lowest flower yield was recorded in

the cv.

Bal ceé

(Tabl e

2) .
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Table 2.Grouping of Safflower Cultivars by Flower Yield Averages

CULTKVARS FLOWER YIELD
(g/plant)
LKNAS 0.927Y
KOg¢ 0.927
DKN¢ ER 0.913*2
OLAS 0.9102
YEKTA 0.82(B12
ZKRKON 0.62¢°%3
BALCI 0.3973
Mean Square Error, 0.014
LSD (0.0s) 0.214
LSD (01 0.299

* Differences between means indicated by the same letter are statistically insignificant. Letters
indicate a 5% significance level; numbers indicate a 1% significance level.

I n a study conducted by chdjtdn a(rxs0 23 1S)afwirt, h Kfoi-
Din-er) under dry and irrigated conditions i
between cultivars and irrigation practices was found to be statistically insignificant. The
average petal yield of theflawer cultivars included in the study was 0.49 g/plant under dry
conditions and 0.53 g/ plant under irrigated
yielded0.380. 50 g/ pl ant ,-0.Kdo4 gy/ipell adretd, -O0EBapidantady i el d e
Di n- er vy 064 giptact under Brigated and dry conditions, respectively. In studies
conducted, different petal yields were obtained from safflower genotypes depending on the
harvest time (Omidi and Sharifmoghaddasi, 2010). Emongor et al.)(2@24d that petal yield

varied between 90-88.3 kg/ha and 10817 kg/ha in summer and winter sowings, respectively,
depending on the genotype and harvest time. A high number of capitulum per plant positively
affected petal yield (Emongor et al., 2024jigation increased petal yield. While petal yields

were 12150 kg/ha in nofirrigated plants, this value varied between-280 kg/ha in irrigated

plants (Omidi and Sharifmoghaddasi, 2010). In a study conducted in Germany with two

safflower cultivars, tw different row spacings (12 cm and 33 cm) and two different sowing
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density (40 plants/m2 and 75 plants/m2) were used. In-géaostudy, harvesting two or three
weeks after flowering at a sowing density of 40 plants/m2 yielded the highest flower yield
(Steberl et al., 2020). Safflower petal yields have been reported to vary between 2.00 and 648.00
kg/ha depending on the year, cultivar, time of leaf harvest, and sowing density (Hamza, 2015;
Mohommadi and Tavakoli, 2015; Emongor et al., 2024). Flower yieldained in this study
ranged from 264.7 to 618 kg/ha (Figure 1). On the other hand, spiny also affected flower yield.
Spiny safflower cultivars were found to have lower petal yields than spineless cultivars
(Emongor et al., 2024).

700
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mlinas mKo -mDi n -méfas mYekta mZirkon mBal c é

Figure 1. Flower Yields of Safflower Cultivars (kg/ha)
4. CONCLUSION

According to literature data, safflower flower yields average betwe@BXg/ha, and it is
reported that flower yield is affected by genotype and growing conditions. The flower yields
obtained (264-618.0 kg/ha) indicate that safflower cultivation for flower production can be
implemented in Yozgat and similar ecological conditions. However, trials in different locations

are needed to determine the appropriate genotype(s) and appropriate cultura@spractic
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¥ZET

Bu -al ékma, s¢rder el ebi b ir géda ge¢venlijine
makro ve mikro elementdM&ri(kKndeéksek TEgtkasmsmi x
Spektrometresi) y°nt emi i I e g ¢analie bdilmesing veni l
hedefl emektedir. Mar ketl erden temin edilen -
sindirimi-MSontasé nc€Penmi K ; Na (Sodyum), K
(Magnezyum), Zn (¢inko), CuCo(KBball} 8a(Pelenythr, ( Man
N i (Ni kel), Cr (Krom) ve Ti (Titanyum) gi bi
dejerl eri belirl enmicktir. Analiz y°ntemi; d
oranlaré ve tekr-aaldmenkatbadiirr.l iBul guleard,i kskeattt e |
edilebilir seviyelerde ol dujunu ortaya koyar
ve TI (Talyum) gibi toksik el ementler <LOD d
s¢t °rngkéeirmnaneséndan g¢égvenl i ol dujunu g°s
kull aneéel abil ecek s¢grdegreéeglebilir ve -evre dos
olup, hem akademi k hem de endg¢strivyel uygul a

Anahtar Kelimeler: Kn e k s-M§, ElemehtC P
ABSTRACT

This study aims to contribute to sustainable food safety by analyzing amlomicre

el ements in cowbdbs milk wusing a-MSylmducavely , rel
Coupled PlasnmidaMass Spectromget) method. Raw cow milk samples obtained from local
markets were subjected to microwaagsisted acid digestion prior to IQFS analysis.
Concentration ranges and mean values of elements such as Na (Sodium), K (Potassium), Ca
(Calcium), Mg (Magnesium), Zfzinc), Cu (Copper), Mn (Manganese), Fe (Iron), Co (Cobalt),

Se (Selenium), Ni (Nickel), Cr (Chromium) and Ti (Titanium) were determined. The method
demonstrated excellent analytical performance with low detection limits (LOD), high recovery
rates, and sbng repeatability. While some trace elements were present at detectable levels,
toxic elements such as such as As (Arsenic), Cd (Cadmium), Pb (Lead) and Tl (Thallium) were
below the LOD, indicating that the milk samples analyzed were safe for consunitisn.

study emphasizes the importance of implementing sustainable and environmentally friendly
analytical techniques in food analysis, providing a valuable reference for both academic
research and industrial applications.

Keywords: Cow milk, ICRMS, Elemen
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1. GKRKK

S¢t, insan beslenmesinde temel bir rol oyna
°J el eri Il -eren kompleks bir séeveéedeéer . ¥zelli
nedeniyle hem bireysel besl eemkei hbmr degegétdat
Bu biyolojik séevé; karbonhidrat, protein ve
i -in gerekl:i ol an -o0ok sayBlda¢ tmiin-eerail s ied ceankein t
maddel er, sadece besinsel a-eédan dejil, ayne
i Kl evl eri bakéméndan da di kkatle incel enmesi
Knek s¢téende bulunan mineraller,ogamak | s&hef
Kal siyum, fosfor, potasyum, magnezyum ve sod
bul unmal aré nedeniyle s¢t i1 -erisinde daha be
vV e selenyum gi bi miklormnes aetl eanegno hlear ddg Ky &r

fonksiyonl arénén sajl ekl e[2ly¢ Bat &ll meneinnderkr ik
sajl éjénén korunmaseé, sinir ve kas sisteml
bajéekekl ék yaeanmésiaréeénkbn destekltemel fizyolo
[3].

Mi nerall erin sg¢gt i -erisindeki varl éj e, yaln
bakéméndan da dejerlendirilmelidir. Baze e |
etk | exi me girerek emilim a-éséndan avant aj S
formlaréna bajl é ol arak d¢4ek¥remejiim ogatnl ia-
kal siyum ve fosfor orané, i nsan de¢ kwd d rainmals
ol anak tanérken; demir gibi bazld]. Bahhedlenle,nt | er i
s¢t¢ sadece mineral deposu ol arak dejil, ayn
arteéeran bir takeyeéceéerskirstem ol arak dejerlend
Knek s¢teéenegn miner al i -eriJi, bir-ok -evres
g°sterebilir. Hayvanén t¢r¢, yaké, |l aktasyon
ve hatta sajém tekni kI eri g itkilemekt@dx[p]li k kenl er |,

G¢negmegzde °czell ikl e -ocukl ar, yakl é bireyl
gereksinimler.i ol an gruplarén besl enmesinde
bajl amda, i nek s¢teéneén i -seeldiye miteliaks erad
detayl e kKekilde incelenmesi; hem hal k sajl
kazaneéml ar sajl amaktadeéer . Ayné zamanda, b u

derinl emesine Dbil gi rsaatheijbiil eorliunninma sgée,| ibketsilre nlm
cretimi a-éséeéndan da yol g°sterici ol acakteéer
Bu -al ékmada, inek s¢te¢gnde bulunan miner al e
fonksiyonel roll erine dair ge¢hcecbli |l bkl mi hde e
-evresel, fizyolojik ve teknolojik fakt©or]l
analizlerle, s¢téen miner al kalitesinin artér
-er-evede tartékélacakteéer.
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2. MATERYAL VEM ETOT

2.1. Kimyasallar ve Reaktifler

Bu -al ékxmada, inek s¢gteée °rneklerinin el ement
ki myasall ar ve analiz standartlare tercih ed
tem -°zeltilttaméddhador?mtAGasémakl ékta 18.2 Mq
MP Mi ni pur e, Te¢rkiye) kull anél arak hazérl anr
her hangi bir kontaminasyonu °©°nl emek amacéyl
(HNO )i siPneet 24 saat bekl eti | mik, ardendan
kurutularak kull anéma hazér hale getiril mikt
El ement analizlerde kullanélacak kalibrasyor
hazéerl anmék ol upeltokeel ¢hmMgnt ent s dleaye2y a, Pa
kull anél arak seyreltme y°ntemiyle elde ediln
Cu, Mn, Fe, Co, Se, Ni, Cr, Ti, As, Cd, Pb v
cretiirama ft araféndan sajlanan sertifikalé kon
nitrik asit i-erisinde hazérl anmékter.
Numune yakma ikl emleri i-in % 65 oranénda de
hi drojen peroksit khl Oane( Mektkr. ABmamyea)kt i
par-alanmaséné ve &elementlerin anali z i -in
mi krodal ga destekl i asit yakma y°nteminde ku
Gaz kaynajé ol arak, pl azmaysn sgemé egPnedei mnia
99. 999 safiyette argon gazé (Linde Grup, T¢
°ncesi yeni hazéerl anmék ve kontaminasyon ris
2. 2. Numune Hazerl ej e

Bu -aléekmadayrkimegr Fieyednimarkatl|l erden temin e
kull anél mékt ér . Satén al énan her bir s ¢t °r
eklijinde | aboratuvar a wwl0ackAtCe rdeel maukh af ea zaan eeldii
¥rneklelrement analizleri ©°ncesinde mikrodal g

Her Dbir s¢t °rnejinden 5.0 mL alénarak PTFE
65 (v/v) HNO (Merck, Al manya) ve 1. 0rmL % 3
Yakma ikl emi, mi krodal ga yakma <c¢ci hazéenda (
dojrultusunda ger-eklexktirilmixktir:

120 AC'ye 5 dakikada ésétma ve 5 dakika sabi
160 ACobye 5 dakikada éeésétma ve 5 dakika sabi
190 AC 20 deakbi kdaa kéiskeéat nsaa bvi t sécakl ek,

Son ol arak 60 dakika ortam sécakl éejénda soju

Yakma sonraseénda her bir numune 50 mLOye
seyreltilmiktir. Ayné prosed¢r bok (blank) ©
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2.3. Cihaz ve Kalibrasyoh®© z el t i | er i

Element analizleri, IC®MS ( Agi |l ent 7500, Japonya) <ci haze
metod modifiye edil[@relCi geezdaklkekti iamiél @mink tti:
%99. 999 safiyetinde Argon wazé& .( Ti¢gmde °Gad bt il
ultra saf su kullanél arak yapeéelmek ve kull
-%zeltisinde 24 saat bekletilip ultra saf su

Kalibrasyon i-in tek veétidlrekemémnlel metko k bar
konsantrasyon araleéeklarénda wultra saf su v
hazérl anméexkt éer . N a , K, Ca, Mg , Zn, Cu, Mn , F
i -1n kali bragigf60 amg! Eklodraéc aR Kekil de ayar
g°stermemesi amaceéyla her 10 numunede bir ka

2. 4. Kalite Kontrol ve Dojrul ama

Met odun dojrul ujunu Ve géeveni |ior | idgsyomui dej
ger-eklexkxtirilmiktir. Bu kapsamda, her bir
sénére(LOQ) dejerl eri hesapl anméxkt eéer . Anal i :
yapél mék, ham s¢t °rnekl erizred thi leiknd eem nki akn svaen
protokol ¢ ile i klenmiktir. Geri kazaném oran
sertifikalé referans materyal (NI' ST SRM 843
istatistiksel ol amakni @n00mM( é& farkl él ék g°zl e

3. BULGULAR VE TARTI k MA

Bu -aléekmada, T¢rkiyebdbnin farkl é yerel mar ke
makro ve mikro eM®@ mekKnddgktirf k#ltd kehd&IPie kR Ir aoznme
kull anél araktanal Bnl gdl bm, sg¢tteki temel ma k
el ementlerin d¢zeylerini ve dajéléemlaréneée ka

Ci zelknekl . s¢t ¢negn 17 ehakneinmimeveaidr tmdlindarma mdej er |

Element Min -Max Ortal amal Kzotopl
Na (ppm) 241.5405.4 287. 9N7¢ 2Nar
K (ppm) 376.7517.8 458. 6 N5 ¢ 3K *
Ca (ppm) 10401317 1157R11:¢ “cat
Mg (ppm) 86.3111.7 95. 5N11. 2Mg*
Zn (ppb) 935.62078 1655N311 667"
Cu (ppb) 115.3:158.3 139. 1N2¢C s3Cur
Mn (ppb) 22.2637.38 28. 14N6 . S5Mn*
Fe (ppm) 0.6341.513 0. 953N0. SoFe
Co (ppb) 13.0616.04 14.07KN1. Co*
Se (ppb) 245.3292.8 269.5N1¢ 8Sef
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Ni (ppb) 89.6105.3 97.37K7. 60Njj+

Cr (ppb) - " LOD Cr

Ti (ppb) 2.9203.703 3.226N0. 48T+

As (ppb) - " LOD SAs*

Cd (ppb) - ' LOD LiC

Pb (ppb) - " LOD 206py

Tl (ppb) - ' LOD 205T|+
Sodyum i -erifji incelendijinde, °rneklerde 24
dejerin 2B@m90oNdj8u 6tespit edilmiktir. Bu d
bildirilen Iiterate¢gr verileriyle uyumlu ol u
-evresel kokullara bajlé olarak farkI|l &l ek g°
517. 8 ppm aral éjénda °1 -¢1l mgk ve ortal ama
Potasyumun s¢tteki varleje, h¢gcre i -1 séveée d
Kal siyum i -eriiflidl7r pekil erdes éh@40 dej8ppomr ken,
ol arak bulunmuktur. Bu dejer, l' i terate¢rde bi
(1213.78 mg/ kg)[7flol daksiaywmkéangeégn en vy iksek
mi nerall erinden biri ol up, kemi k ekmki mbia
°Jesidir. MagbhezyomppmeaB&§s&8nda °I| -¢1 mgk ve
olarak belirlenmixktir. Bu d¢zeyl er, Pol onya
965103.4 ppm) ile bend&r aralekta yer al makt ¢

Eserel ement | erden2 h8 dprteydar ®3&nda ol up, ortal
kaydedi | mi ktir. ¢i nko, bajékeékl ek sistemini
el ementtir. Bakd4b8dgd8zeypbniamale€e¢ecbpdarbhdiuBa. ¢
20. 2 ppb ol duju tespit edilmixktir.

Demir | - 8r.i513 OpwmM4arasénda deji kmekte ol up
bul unmuktur. Yu vV e ark. onén (2024) i nek S
bi yoyararl anéemeénénktslie[9.er Meangdmdug gy Bd3Bippbr s e | @
aral éejénda ve ortalama 28.14 N 6.68 ppb ol ar
Kobal't i 16104 A@Bb O&Grasénda dejikmik ve ort
hesapl anméxkt ér Kobalt, B1l1P wvyhambakiaséntese

2453292 . 8 ppb araléejeéenda ve ortalama 269.5
Sel enyumun antioksidan savunma sistemindeki
géda potansiyelini g°stermektedir.

Ni kel 9.61e0r5i.j3i p8p b arasénda olup ortalama 97.
biyol oj ik I Kl evi sénéerl e ol makla ©birlikte,
takémaktadeéer .

Analizlerde As, Cd, Pb ve Tl gibi toksik elementlerin seviyeleri analizilimiti n al t eénda (
kal mékteéer . Bu dur um, i ncel enen sg¢t °rnekl eri
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séneéerl ar i -inde ol dujunu g° s t-2403nepk, tokakhmar . Ti
3.226 N 0.341 ppb ol arak tespit edilmiktir.

Sonu-akqgl &ru -al ékma -1i] Il nek s¢tegnde bul unan
kapsamlé kKkekil de ortaya koymuktur. Bulgul ar,
de potansiyel -evresel etkilerin anthksikz edi |
el ementlerin analiz I imitinin alténda bul unn
Ancak bazé elementlerde g°zlenen y¢gksek var
etkilenebilecejini ve ¢retigrP stoegreme lntdeedisrt.and

4. SONUC¢

Bu -al ékmada, mar ketl erden temin edilen -i]
i -eri k-M8ri( Kh€pPkti f EK¢telkemi Ep ePk tarzoomaet r esi ) y©
belirl enmicktir. El de ad dhielzecra wearkirloe rb,e sii me k° | se¢
ayneée zamanda insan sajléje i-in elzem ol an
g°stermektedir.

Anali z sonu-laréna g°re; Na, K, Ca, Mg gi b
bul unmuck, bgw, ndak st per al gereksiniminin k a
oynadéjéené ortaya koymuktur. ¥zellikle Ca ve
a-éséndan s¢teéen °nemini bir kez daha vurgul a
uyumiu ol arak, s¢t¢g bu minerallerin iyl bir ka
¢tal ékmada ayréca Zn, Cu, Mn , Co, N i ve Se

el ement | er , d¢kek degzeyde bulunmal aréna rafjn
yanéuwd ae@zi mati k reaksiyonlar a-éeéséndan yaka
sénérl & ol makla birlikte, s¢gt i1 -erisinde bul
°czell ikl e bebek vV e k¢ - ¢k -ocuk besltinjmesi n
sonucuna vareéel mekteéer.

Bununla birlikte Pb, As , Cd ve TI gi bi t 0k s
belirlenebilirlik sénérénén alténda bul unmuck
a-éséndan ajér mgtalenbul aglzeaye ey oh dgudemu g°s
Sonu- ol ar ak, bu -al ékma; inek s¢tegnegn dejer
ancak i-erdiji el ement profiline -evresel, b
ettijini ordttaya Mdimyemakt ad¢gzeyl erindeki vary
|l aktasyon evresi, sajém kokull ar e vV e -evre
ol abil ecejinden, b u al anl arda izl enebi lirli

g ¢ - | e n dgerekmektedsr.s

Gel ecekte yapeéelacak -al ekxmal ar én; farkl & cc¢
grupl areyl a, sezonluk dejikimlerin ve yem |
yeéer et el mesi hem bil i msel heimé deohat kasas dgl|

KAYNAKCCA
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¥zet

Bu -al exmada, koyun vV e ekKek s¢tl erinde ti
araktereéel méktér. Arakteérma kapsaméenda, kanl é
aile ikl etmelerinden toplam 12 tkéory.u n¥ rsnéetkel evre
MS cihaze ile analiz edilerek s¢tlerdeki Ti
s¢téende Ti konsantrasyonu ortalama 2.935 K
d¢zeyi 1.665 ile 3.663 ppmxbekarsaste;mdlae desjei KTiik Ik
ortalama 1.959 N 0.273 piRb3b6uppb°latal &fj éd
gestermi ktir. Bu bul gul ar, koyun sg¢tegnde Ti

deji kken ol dujunu g%gttgl mekt e dicrell eKal §ii wdm, c
1046 N 250 ppm olarak °1l-¢lmgk, ©°rnekler 611

Ekek s¢tegnde i se Ca konsantrasyonu ortal ama
°rnekl erin Cd4d8044¢ zpepymh earialdeg4e.n3da kaydedi |l mi Kt
a-eéseéendan da koyun s¢t ¢ il e eKek s¢t ¢ ar a:
koymaktadeéer . Koyun s¢teéendeki hem Ti hem de
ol mas e, terl earkl @1l @«ké aménénall némi ni vurgul am
°czellikle s¢tlerin besin dejerlerinin dejer
al émenén planlanmasénda ©°nemli bil giler sun
s¢tl ergéekridignebel irl enmesi, dojal ve -evres
izl enmesine de kat ke sajlayabilir. ¢al é Kk ma.
karkeél akt érél maséna ve s¢gtlerin besivari kal it
sajl amaktadeér.

Anahtar Kelimeler: e k e k s ¢t ¢, koyun s ¢iMg, kal si yum, t i
1. GKRKKk

Son yéllarda farkl é& memel. hayvanl aréen sg¢tl
gédal ar ol arak kull anémeée ¢kzeirnenke si¢tgg kagrtearséex
baskén ol sa da, koyun ve ekek sg¢t ¢, °czel |l i kI
ve bebek besl enmesi gereksinimler.:i nedeni vyl
T¢rkiyedde koyun sugth®,l g&ésn enyddeo jpre yAinad o/lap € meée
Ekek s¢te¢e 1 se inek s¢gte¢g protein alerjisi ol ¢
%800in ¢zerinde tolerans g°stermektedir (Po
2014) . iklain| ekairf as al ikl i mi, geni K meral aré v
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cretiminin yojun olduju bir ildir. Ancak, bu

b°l gesel jeokimya dikkate al énarak yeterince
Mi ner allerii-.ers gktl erin besin dejerini dojrudart
(Ca), kemik mineralizasyonu, sinir iletimi, kas kontraksiyonu ve enzimatik reaksiyonlar gibi

t emel fizyolojik s¢re-»I1eri dest eklilderl200 G¢g ney,
1800 mg/ L aral éejénda ol up, yé¢ksek kazein

ilikkilendirilir (de |l a Fuente & Jus8iB@z, 201
mg/ L civarénda ol up70 idnaehka sdiét koemkatk.:Ggo20)dBua%s Qu z
farkl el ek, bebek form¢gllerinde Ca takviyesi

yapélan bir arakt ér mada-1ieBBpl6 e kegla &raa sié-nedrai Jrie
edi Il miktir (S°yl emez, ve okrikmy,aszal1l P)z.elHKliijn t

ve dol ayeséeyla s¢gtte Ca birikimini artérabil
Titanyum (Ti) ise esansiyel bir miner al ol ma
ile bajl e bir Kekilde bulunan ve eneir(Elkabuj t
Khal |l ouf i ve ar k., 2021) . Géda katké maddesi
yaygén kull anéemé nedeniyle arakteérmal ara kon
Gevenl igi Otoritesi (EFSA), kPRO2nledddeeni I & 1 0A
yasakl anmaséné °nermiktir (Ling ve ark., 20
koyun ve &exkxek s¢tlerinde Ti ve CaMSkilensantr
karkel aktéréldeje bir -almeama kahbeamaeamaktdadeée
koyun ve ekKkek s¢tl eri nde-MSilebelirlemektia konsantras

2. MATERYAL VE METOT

2.1. S¢t ¥rneklerinin Topl anmaseé

¢tal ékmada, kanl éurfa ili merkez ve -umuare il -
12 adet -i] koyun s¢te¢e (Kvesi érke, |l aktasyo
ortaseée) ©°rnekl eri toplanmekteéer. ¥rnekler, st
buz ak¢se¢ ile takénaeidaRACAaberanhabvaragphagreék
2.2. ¥rnek Hazeéerl ama ve Anal i z

S¢t °rnekl eri -9zl degkten sonr a homoj eni ze
sisteminde (CEM Mars Xpress, ABD) sindiril mi
asitHNO , Merck) ve 1 mL %3006l uk hidrojen perc

progr amé:

120 AC'ye 5 dakikada ésétma ve 5 dakika sabi

160 ACobye 5 dakikada éeésétma ve 5 dakika sabi

190 AC 20 dakika €6éakhéekeg 5 dakika sabit
ki k

Son ol ar ak 60 da

a ortam sécaklejenda so]
MqLcm,QMi I Il B 50 mLO6ye

t amaml anma.
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Bok (blank) ve standart rievhoemakmpevder) hdr seriile a | ( N
birlikte yanktaylnlendGRrM&r ( ABlI Emat 7500, Japonya)
3. BULGULAR VE TARTI k MA
3.1. Titanyum (Ti) Konsantrasyonl ar é
¢ij koyun s¢te¢e °rneklerinde TBn 9921dpbTiar &b
dej i kmi Kkt PrneEkekiage¢g(n = 101)2,T3i5 6k opnpshba natrraal s
gzl enmi ktir. Koyun s¢te¢g °rneklerinin tamameé
Ti dejerine sahiptir. Koyun s¢teéegndeki en dyg¢
Ti 62n356 ppb) daha d¢gkegktegr (1,665 < 2, 356)
ayrem ol dujunu g°stermektedir.
Koyun s¢téendeki yé¢ksek Ti dejerl eri, hayva
Koyunl ar, toprakla dabhettalzillai rt,emas ecaenosot:
al eémeyl a Ti ge-i Kini artéerabilir. Ekekl erin
senérl ayabilir.
3.2 Kal si yum (Ca) Konsantrasyonl ar é
Koyun s¢t¢ °rnekl er i nid3®4 ppaalkejnésmmda rdesjyioknil m rgé°
Ekek s¢te¢e °rnekl erindé80d@a 4k orpsma ratrrad €y @amlidar & |
s¢teée °rneklerinin en d¢ K¢k Ca dejeri (611
dejerinden (804,4 ppm)(dabadaoydkseBui du¢ @il «
ol dujunu ortaya koymaktader.
Koyun s¢teéenegn yéegksek Ca 1 -eriji, l iterate¢rd
avant aj sajlar (Balthazar ve ark., 2017) . E
pot ein alerjisi olan bebekler i-in alternat:.
di kkat -ekicidir.
Tablol.Koyun ve ekek sg¢gtlerinin Ti (ppb) ve Ca
Ti (ppb) Ca (ppm)
Koyun Ekek ¢ Koyun Ekek ¢

¥rnek (n: 12) (n:10) ¥rnek (n: 12) (n:10)

1 3.663 1.841 1 1298 603.4

2 3.436 1.823 2 1232 621.9

3 2.570 1.855 3 909 670.9

4 3.902 2.179 4 1394 749.9

5 2.669 1.980 5 948 707.9

6 1.898 2.095 6 700 749.9

7 3.120 1.796 7 1097 621.4

8 2.698 2.356 8 958 804.4

9 3.690 1.417 9 1299 464.4
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10 1.665 2.248 10 611 770.4

11 2.422 11 884

12 3.492 12 1216
Koyun s¢tegnde Ti konsantrasyonu ortalama N ¢
ol arak bulunmuktur (orr t=alla2ma N kSelk dse;tesrnid el .i9s5
°l - ¢l megktegr (n = 10). Kal siyum (Ca), koyun

s¢t¢nde ise ortalama N SD 676.5 N 101.8 ppm
Ti ve Ca d¢zteynerdanrne cxlek wegksek ol dujunu go@
daha belirgin, Ca @&6-0e soernadnaenn dias eb iyra kfl aarkkél ké | 9@5k0
2).

Tablo2.Koyun ve ekek s¢gtegnegn mini mum, maksi mum
Ti (ppb) Mini mum - Maximum Mean N SD
Koyun s¢t ¢ 1.665i 3.663 2.935 N O
Ekek s¢t ¢ 1.4171 2.356 1.959 N O
Ca (ppm) Minimum - Maximum Mean N SD
Koyun st 6117 1394 1046 N 25
Ekek s¢t 464.31 804.4 676.5 N 1

33.Tive Ca Araséndaki KIi kKki

¥rnekler ayrée ayreée incelendijinde, Ti ve Ca

Koyun sg¢te¢egnde yegksek Ti (°r. 3,902 ppb) ile
il e d¢ke¢k dClaz l(erebiplpmkt edir. Exkek s¢gtegnde 0
Ca (804,4 ppm) veya d¢gkegk Ti (1,417 ppb) ile
dur um, i ki el ementin bajémséz yollarla s¢te
deeznl endi J i ni gestermektedir.

Bul gul arémez, s¢tlerdeki titanyum (Ti) ve ka
uyumluluk g°stermektedir (Ander son, 1992) .
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j eoki myasal yapeéseéndaanv alkna yarj a koll aanraank bd°elj geer sl eel n

s¢t endeki d¢kek dejerler geneti k ol arak beldi
ilikkilendirilebilir. Ti seviyeleri i se her
ol dujunu kaBet kamakt adé&er ma, -al ekmamézén s,
referans sunduj unu vV e fonksiyonel géda gel
uygul amal ara dejer|l i bir katké sajladéjéné v
SONUC¢

Bu -al eéxkxma, kanl eurfig IkOlyugesivred eenk etko psl¢atnl aenr i
kal si yum (Ca) konsantrasyonl aréné karkeél akt é
g°re her °rnekte daha y¢ksek Ti ve Ca i -er me
1045 ppm Cm9 pepxkekTi ,1,®76 ppm Ca) i teratg¢r |
geéevent g a-éséndan risk oluktur maz, Ca fark
dojrular. kanl éurfadédnéen karbonatl & jeoki myas
Bul gul ar, s¢tlerin bl gesel mi ner al profilin
il e bebek besl enmesi uygul amal aréna katkeé sa
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Orc d00O@Xxom®m® 12 kanat @ | d z.edu. tr

dej kK kI J yl &amkéadmahede hegedieel eb Tl
neb | rener|j kaynakl arénén kull anémeé
arda y¢ksek oranda déeka bajémle b r ¢
elekleermmdk a-édan ©°neml kazanéml ar e
adér. T¢rk ye'de yen | eneb | rener|j

tle ve b yogaz gel r. H droel ektr Kk el
r ve d jJer yen |l eneb | r kaynakl ar a

S se son yéllarda hézla gel «kmekte
z se hem ener | cret m kheammhéde deekl g
kaynakl ar é, karbon em syonlaréné aza
am yarateér ve ener | arz ge¢venl 7 ne
yaygénl akmaseénén Yritrdes £ wasaman eelkd
teknol o] k kapas te ve halk arasénda f
s é - n ©°nRlezrell es ekatrtars énkla; r Ik akduer n n
l erl mes tekap&kamlddé ener | pol t kal ar e
zmal arénén devreye al énmasé ve yerl h
r | mes bul unmaktadéer. Sonu - ol ar ak,
y el n stratej k b - mde kull anar ak
b | rr-ve bu m hvalde ener|] baj éeémsézl é

r KRdr dnerl elreb | r kal kénma, Fos | yake
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GKRKK

Kk I mIldg] «kek s¢grder gl eb | r kal kénma hak
k r | 7 azal tmak ve ekonom k refahé tekyv
duyul dujunu g°sterm «xt r (Jabeur vd., 2021).
fos yaket t¢i ket mo, k¢resel éeésénmaya katkeéeda
Bu, daha sék ve kK ddet] hava ol ayl areée, y¢ks
kes nt | er (Nunes, 2023) de .daBwuna o° rmaekk ¢ozlear!
dej Kk kI J n el e almak ve r¢zg®©r, b yoketl e
kaynakl aréna ge- kK yapmak, s¢rder el eb | r e
°ncel kl er hal ne gelm kt r.

T¢rk yd'eheebydnr ener | dajeteméenén -evre
-n °neml etk | er vardeéer. Bu dur umun p C
azaltéel maséndan hava kal tes n n ve halk saj
sitaden yapeéelan b rka- -al exkma, yen | eneb |
n cellext rerek hava k r| l 7 n azal t ma, s u
potans yel n vurgul amekteér (Dem rbas, 2000)

Ener | k akyantaekd aarr éy e¢ -ayr €l mékt ér : fos | y a
n¢kl eer kaynakl ar (Dem rbas, 2000). Hang t ¢
durumda ekonom Kk, sosyal, -evresel ve géver
kayknare d¢nyanén gelecej nde ©°neml b r ro
kal kénmasé ve sosyal refaheé - n °neml b r
kull anél ab | ecek b r-ok alternat f yen ve Yy
Tek yedde 2022 yel é t baréyla 3,58 m |lyon
d°nemde 33,49 m |Ilyon ton ham petrol t hal e d
petrol ht yacénén yakl akék %%0éed nmeéa k ttahdaelra t(
2025) .

Yenil enebilir enerj.i kaynakl ar é

K¢resel i klim dejikikliji ve ekolojik -ev
bir i1 gi uyandérde. Son yeéellarda, yenilenebi
héeglédi kti ve ekonomi, -evre ve toplum gibi -
durum ekonomi k a-édan bakeél déejénda, vyenil ene
mal i yet d¢kéekKl erine ve pazar feérsatlh ar éerxa ty
el ektri k maliyet]i son yeéellarda b¢gyek °1 -¢de
arteéer maya, teknolojik yenilifiji y°nl endir meye
tekvi k etti ve b°yleceé dahde bgdigkdimal Bvuat a
yenil enebilir enerji projeler.i genel l i kle in
yaratér (Ulrich vd., 2012). ¢evre koruma a- &
emi syonl ar éamrecha awvel havmaskal itesinin iyil ext
oynamakta (Hal kos ve Gkampoura, 2020), vyenil
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seviyelerini ve hava kirleticilerinin emisy

nitelikteol makt ader (Panwar vd., 2011).

Yenil enebilir enerji, tanémé gereji sS¢rdyg
t ¢ckenmesi ve bununla ilixkkil:@ -evresel et ki
T¢e¢rkiye' deki temel akkbarkEeaabidlaijre!l émér jhii dkay
enerjisi taraféendan domine edil mesinin yane
enerjisi kull anéménda d¢k¢gke yol a- méxkteéer . :
dej i kKmi Ktnierr.) iRS¢izgv@r geenek enerjisinin gelikKir
bakl améxkt ér . Yenil enebil ir enerji hava kir/l
unsurdur . Biyok¢gtl e enerjisi payénéenyldiijer

azal masé beklenmektedir.

Hidroelektrik enerjisi

Hi droel ektri k, k¢resel ol arak en b¢gyek y
enerji kapasitesine yaklakék %20 °I-¢,de katk
et kil eyicol abni rl13d3e0j e&W kur ul u kapasiteye safl
hidroelektrik enerjisinin k¢gresel enerji kar
esnek ve ge¢venilir bir yenilenebilir ener |j
enef i sinin g¢nek ve r¢gzgO©r enerjisi gi bi di ] ¢
kapsamlé bir kKkekilde g°sterilmiktir (Puspita

Enerji ¢retiminin kaynajé haline gelen do
stratejikbravant aj dér . Avantajlar arasénda dék kayl
bajl e ol arak sosyal ve ekonomi k kal kéenma i -
a-éséndan artan istikrar yer alér (Pereira v
i droel ekt ri kBuyun kinettk ienerjisini yakialar rve elektrik enerjisine
t¢r ¢ér . Dijer kaynaklara (°rnejin k°m¢r,
i k maliyeti ve hidroelektrik santrall el
olemabmaysleecve al ternatiflerl e ol umlu bi
ajé olan en temiz yenilenebilir enerji
rk yedbn n elektr k enerj s t¢eket mo,
or a nda artarak 3mMék,9 €llWhk tsre vk ygrsetnem ul axe
TWh ol arak ger-eklexkm kt r. T¢rk ye Ul usal E
ger e, elektr k t¢gket m n n 2025 yeéelénda 380,
y €l nda 510s el nfeMsh 6 y%en gy%rke | mekt ed r .

024 yeéel e t baréyla elektr k ¢ret m n n
isret mn %35, 26s n n k°m¢grden, %18, 96unun d
%10, 56 n n r¢zgordan, %7 2586 n n generr maler j
%3, 26s n n d jJer ener|j kaynakl aréndan sajl a
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h droelektr k, 720s k°mg¢r, 3760s€é r
ve 4620s d Jer ener| kaynakl aréna da
1 yél énda h droelrektt rmk S%m,yShalkn & vyeaerl e
l ekm kKt r. 2022 yéle Mayeées aye sonu
ek 35,2 m lyar kWh sev yes ne ul akméekt

tle ve biyogaz enerji si

ok¢tl e, Kiimymisrade echepglianmék g¢nek €KEJ]
yoke¢gtl e, fotosentez yoluyla g¢nek éexke
ndan ¢retilir (Capi k vd., 2012) . Biy
kés@wmariimti yacené kar kel amak, ara-1ar
ésésé sajlamak gibi alt bakl éklardan o
ogaz, katée atéklarén organi k késméneén
meder . ¥zeilldiikl eokememki pi Birmeker i k &
n ve yararle gaz, yée¢ksek kaliteld k al
er . Biyogaz ¢reti mi, organi k atekl ar én
didir iiJingura genVlatengaifa 2009).

ogaz reakt®°rler yalnézca temiz enerji

koruma ve ekonomi k kalkénma i-in de ©i
kil de konukliaknad émed arhaasl ée | kearpis agmel rée kptoil riit
Zz ¢reti mi ve kull anemé, T¢rkiye' deki t
n bir teknol oj i sunmaktadeéer . Organi k
ksel pi Kirmevegakevliaréonat yelmiidl eakbeéet na
y4 sreti mi vV e Kull anéménén bakar el é b i
ék ve altyapé késeéetlamal aré gi bi enge
i v eams gerektitir éNadak, 2020d).a n |

ogaz teknolojisi, -eki tli enerji i hti
nebilir enerji kaynaj é ol arak kabul e d
k maddel er i ( gvehd.a) aa reakd raor béi, k hkaoykvualnl agr¢do
Biyogaz teknol oji si ni speten basittir
ol - ekl i hem de b¢gyeéek °I1 -ekli ol abi lir;
abll uraketbhptrsasbukl arda sanitasyon ve e
t ve dijerleri, 2021).

roj vV e Tab Kaynakl ar Bakanl éj é tar
enmes ne y°nel k hazeérsléeanaBEPRA)y okegt ller

ekonom k ol arak toplanab | r artek ve ateéekl a

ol duju

°ng°r ¢l mekted r.
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B yokg¢tl e kaynakl ar éneéen d jer ener |j k a

kazandér él ab Ivmesentegrre bietrimwyakll akém ger ek me
a-éséendan ©°neml b r potans yele sah p ol an
sénérl e kal mayép -evren n korunmasé, em syor
y°nétmes g b alanlarda da °neml férsatl ar
Bu bajl amda, s¢rder el eb | r b yok¢tle kaynalk
s¢rec nde kr t k b r rol oynamakta olup uzu
°nesmmaeh pt r (ETKB, 2025) .

R¢zg®©r enerjisi

R¢zg®©r enerjisi y¢zyéllardéer insanlar tar
Ki mdi de el ektrik creti mi saj |l amak I -1n k u
mevcuttur. S¢rekleneersjein, rk¢iznge€ridka ne ngeerljeiny i me
bu enerjiyli de el ektri k enerjisine d°ng¢gktegr
(Mondal ve Denich, 2010).
Alternatif enerji kaynakl| ar @&na ge4nioknazsad ¢ ny a
ol mazdeéer . Al ternatif ener ji kaynakl ar é, f os |
R¢zg©Or vV e génecx gi bi yenil enebilir kaynak.l
karbondi oksit sal énmaz. Yi nen édhe ,may e wielt i g ¢ g€
yakéetlara g°re °neml.i °] -¢de daha y¢ksektir
girikimleri konusundaki endi kel erini de art

enerjiye daha fazla yat érnélne my &@p & | rmaysgéunl éa mtaé k
takémaktadeéer .
Tée¢rk ye regzgar kaynakl arénéen karakter st

Ener | ve Tab Kaynakl ar Bakanl éejé tarafeén
( REPA) hazeéer | aynawmédkét neery.| aBue ladtel aesd | en ve akaj
kaynajé har talaré kullanélarak Tg¢rk yedde
hakkénda b r f ok r sah b olunab | mekted r.
b°l gealearsatht ér mal ar éneé -eren °n etg¢gtler yap:
s¢r el ener |j ama-1 € rézgar ol - ¢ml er mut |
anal zler yle desteklenecek kek | de b r yate
T¢rk yer REagrj s Potans yel Atl asé ver | er

9 Raké-;me000 metre arasénda ol an ve yer sev
ortalama r¢zg®©r hézlarénén 6,5 m/s dejer

n tel kl erdekéent hbmrk dr as&l | @almenlr&kare by¢y
MW g¢cendek ré¢é¢zgar teéegrb nler n n kurul ma
kar asal rézgar santraller n on Kl et meye a

T Den z sev yes nden 10k omwettarlea nya; krs¢ezkg ©rj hnéd
m/ s den fazl a ve 0d0e nmezt rdeerarnals &ndnakn O ¢m ¢
8, 0 MW g¢cegndek rézgar teéerb nler |l e de
kapas tes nde den z ¢slteceaje zghea] esralngnmdalrl e
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G¢nek enerjisi

Gének enerjisi, génecx gevdesinde pozitif
radyasyonunun etkilerinden ¢retilen bir ener
aracel ejeéeyla birr.daG¢gnae kf oerneurnjdias iy agyeezZleege nd e k
kaynajédér ve dojrudan (g¢nek radyasyonu) ve

Kkl im dejixkikIlifjJi kot¢l ekirken ve -evre
endg¢stri ghneg@eneargjzig ©v e hidroelektri k gibi
geliktiril mesine dikkatlerini -evirmektedir.
ekoloji k -evre ¢zerindeki ol umsuz et kiyi °n
2022) . Gének ve re¢gzg®©r enerjisinin kull aneéme
R¢zgar ve gé¢nek enerjisi creti mi i -1 n ger eke
-eki t i 1Li7Ji korumak i -in beeyéek i°nmem t-aokke yaarh a
Bu nedenl e, yenil enebilir enerji Kkull anémén:
et ki | bir yolu olarak yaygén ol arak kabul e

Gé¢nek enerjisi, aksi takdirde el edat ri k i
gerektirebilecek uzak k°yleri elektriklendir
programénén bir par-asé ol arak, gésnek ener |
uygul andeé. Bu nedenl e, mi k réol afroatko vaoyl d é&n lka tgma
elektriksiz k°ylere genikletil mesi i -in pro
taraféendan kurulup y°netil mektedir. Ayr éca,
tedari ki i -1 n f ottoevnolletraiiykl eg ¢dnoenka teéenleméjkitséir .s i G,
Ssu ée€sétma sistemler:i bazé haneler veya Kkg¢- ¢
G¢nek kurutucularé -ojunlukla kahve ve kaka
G¢nek féega@aekam&akéagé hengz popel erl ekmemi K
i Kl et mecil eri ajérl ekl e olarak g¢nek enerjis
faaliyetlere bakl améexl ardeéer .

'l kem z, stratej k cojraf rkogygmexk dehary
potans yel ne sah pt r. Ener|j ve Tab Kayn:
Enerj s Potans yel Atl asé (GEPA) ver |l er n
2.741 saat ol arak be&d tbephammk geheg, éxeéehkakd
kWh/ mj] ol arak hesapl anméxt éer.

Yenil enebilir enerji politikal aré

Yenil enebilir enerjinin gelikimi, Teéer Kiy e
°neml i finansal kaynakl ara epahipi Eagk-al thama
kapsaml e bir pl anl amaneén eksi klijJinden dol
yenil enebilir enerjinin y°neti mi Enerji Bak
M¢ederl ¢kl eri aracel ejoépyelraat®aj Ivaen eékru r uAm c(abka k al
enstite¢l eri ve merkezleri, vb.) ger - ek bir
g°stermektedir. 2009 yél énda, Ener ji Bakanl é
kurul masé kar abviéel,i rr eesmar jyiengdleinket i r me pol it

ol uktur muktur .
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Yenil enebilir enerjilere temiz bir d¢zenl

n vermelidir. B°yl ece, yenil enebiljr ener
nakl aréndaki muazzam potansiyelini kul | an
|l inde vergi ve g¢mr ¢k avantajl areéendan yar
etmeli kler, texkvikler ve yasal -er-eve ko
Yenil enebilir eneegkvnkn uyguol gasmas é&é vee mal
¢k bir eksiklik bulunmaktadeéer. ki mdiye k.
-eve kokullare mevcut dejildi. Ancak, Ene
enl emel ee, yepi kiepmebi |l ir enerji alt sekt?or
| ayacakt ér .

El ektrik tesislerinin sajlanmasé i -in an
ka- °zel ikletme kérsal el ektm, kHdeaewwdurrame yt
etmelerin mal. ve tekni k kapasitelerine
s el ateéeklarén geliktiril mesi, s¢rder ¢l ebi

| anan féersatl ar dahj kel ade ofanaksesépdil a
erlendiril mektedir.

il enebilir enerjinin yaygénlakmasénén °©°nyg
Yenil enebilir enerjiyi destekl eyecek fina
enl eyi ci -er-evensal otkmamakéevenyeksr ki ki
el |l er yenil enebil ir enerjinin yaygeénl akim
el erde il eri teknolojilere séneéerl e erix«xi
t°rd¢r. nBul arékomtadae kal kmék ol sa bil e,
iyeti -ok y¢ksektir. Tegrkiye'ye ait ayr én
ver.i bankal arénén ol mamasé da yfeaktl %emdedr .|
un ¢steéne, hanel erde g¢venilir hizmet kor
cih etmekten -ekinme, bu t¢r yenilenebild
yenil enebilir ener | iklikigbi sosyok 4 Ikt ¢erteme ke nig-eiln
unmaktadeéer .

il enebilir enerji gelikimine ilikkin °ner
Yenil enebilir ener ji geli kimine 1likkin ¢
€l dej enda; r¢zgd©r ve bipogahaefiarzjial erail réi
ul duju kanéséna vareél maktadeér . T¢rkiye! d
ékmal ara maddi destek sajlanmasénén da ge
il enebilir ener ji aelkat neé nwea k d e ptr ol led reme kit ee
ilenebilir enerjilerin daha fazla kull ané
i n- 1 ve s¢rdereglebilir bir Kekilde kul l &
n i Kge¢cerbhht @i zmetl ediecekayenilenebil ir
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ve | isansg¢styeg programlara ©°zel bir vurgu 'y
a-ékl amak gerekirse;

AYenilenebilir enerjinin dojru Keki lwe uy g
ulusl ararasée d¢gzeyde yeterli i kKbirlijinin de
AYenilenebilir enerji sistemlerinin bakar é&
ka-énél mazdeéer . Kkbirlijini savunan p@olietri kal
yandan tar ém, -evr e, or manceél ék gi bi yeni |l e
sekt°rl er arasénda bir koordinasyonun gel ikt
A ¥zel firmalar ve bunlarén geliktiriailer:i
bajéemséez elektrik ¢reticileri olarak 1istihd
elektrik ¢reten santralleri, bajlantéleée kKebe
A Yenilenebilir enerjiye dayalé bireysel e ki
koordinasyon ve ol asé mal:. ve g¢mr gk ver gi
mekani zmal aré yoluyl a, hal kl ar arasénda giri
¢°z¢e¢m °neril o eri

Te¢rkiye regzg®O©r enerjisikogalmdrtdier mevke ie-nierr

optimize etmek ve enerji arzeneéen istikrareéene
gel i Ki mini artérabilir. Yenil enebilir ener |
s¢rdegreglebilirlijderbeykll dpekn veamaki savunnmn
hal kl arén yakadéjée alanlarda projeler uygul
hakl aréna ve -ékarlaréna saygé g°stermek ve
uygul ama aswarnemianiemttegre et mek esastér. Avruyg
tamamlayéeceéel ék sergiler ve yenilenebilir en:t
sahiptir. Ayné zamanda, t¢gm ¢l kel erimsteknol
teknolojik yenilik bakarélaréenén d°ng¢Kemegnsyg
ve hizmet endg¢gstrilerini aktif ol arak deste
dejerini ve ulusl araraseée r eknaelrgti ge¢ncdégnsét rarstia
yekil bir y°nde gelikmesini tekvik etmesi ge
Yenil enebilir enerj.i kaynakl aré, Tg¢rkiye!
ver i mli ve et kil -%z¢ml erden biirlii rgieénerg®ir
hi droelektrik ve biyok¢gtle enerjisi taraf éno
i -in °neml. bir potansiyel de mevcuttur. T
sahip ve yenilenebiakrfeserjyaka@atl anaméehanat
i stekl i bir ¢l ke konumundadér .
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ABSTRACT

This review examines the sustditea management and valorization of agrdustrial waste,
emphasizing its potential as a renewable resource for biofuel, bioenergy, and othexinegh
bioproducts. As agricultural and fogulocessing industries produce vast amounts of organic
waste, effetive reuse strategies have become essential to reduce environmental pollution and
support global energy demands. The article underscores the significance of converting biomass
especially lignocellulosic waste into biofuels such as bioethanol, biodieddbj@gas through
biochemical and thermochemical processes. It explores innovative technologies, including
anaerobic digestion and the Moving Bed Biofilm Reactor (MBBR), that enable efficient
treatment of organic waste and landfill leachate. These metiaidsnly reduce greenhouse

gas emissions but also enhance energy recovery and nutrient recycling. A major focus is placed
on biorefineries, which integrate various processes to transform agricultural residues into
energy, chemicals, and materials. The diton from first to seconegeneration biofuels,
particularly those derived from ndood waste, represents a critical step toward sustainability.
Additionally, the study highlights the importance of the circular economy in reducing reliance
on fossil fudés and fostering a closddop system of resource reuse. Future perspectives call for
deeper research into the extraction of bioactive compounds froramagte, evaluation of
feedstock quality, and the development of economic incentives to encourageyiadogtion.
Integrating biorefinery technologies into mainstream waste management systems is proposed
as a key solution to advancing environmental sustainability, economic resilience, and the global
transition to a bidbased economy.

Keywords: Sustainable management, agndustrial waste, waste management,-lresed
economy
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I NT

RODUCTI ON

One of the most mportant challenges of t
from ag+ nduwlstparroadiucltys oven Imeng wpeh ddse a@af m
food, b oact ve compounds, phar maceut <cal s,
related to food and agr culture generate s ¢
as a resour ce-vfader qgpuraold utcy npgr ohd ugcht s, t hus of f
for susta nable product on (Ng et al ., 2020)

There are ncreas ng negat ve effects of
eff ¢ ent and susta nabl e wapdet mam,agemewndt rs
convert b omass n tpa owaulcu esd fl fere qar ocodesctd sd oe n by
fr endly manner . Var ous b omasses are proc
ndustr es, and wastfeo ofdr opim otclees sag@@g cwelctt wrres
products (Baran and Nasroll ahzadeh, 2019) .

Organ ¢ mater als der ved from renewabl e
can also be converted nto b oenergyt.heLarge
removal of synthet ¢ mater als from the env
processes more eff ¢ ent by enabl ng the r
env ronmentally fr endly tephoduboy es, efédac
|l ower ng the un t cost of the f naHrpreaddogt .
recyc.l ng of waste but also ensure the eff ¢
s gn f cant socefalt sanNdaddomrdmad .hemR2018) .

Agr cul tur al act v t es have been a fundse
trans t oned to a settled | festyle and have
However, t he ncreasdmgvemgrbyyuthargal owrmng ud e
energy has | ed to major env ronment al SSsSue:
wast e const tutes a substant al port on o
env ronment al palllyutmaonna.g eldf, mgtr guopear al w a
Therefore, nnovat ve strateg es must be de
mpacts of agr cultural waste, wh ch necess
(Rohne Jy.I11, 2022

The econom c¢cs of b ofuel product on can b
but al so otpfreodwatlsu.abTh dHDyrev ew prov des an
effect vely ut | zed as a renewabll et yemeggyf
agr cul tur al wast e, I gnocell ul o.scal eavasse af¢
renewabl e b ofuel source (Xy et al ., 2019) .

B omass generated by var ous ndustr es
resear cheess,asasa ftunsdeament al resource for nul
nadequate management of th s b omass can ca
mpact the economy of the affected regdon. |
a r se n waste generat on due to the rap d
2013) . The agr cul tur al ndustry, espec ally
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d, sol d, and gaseoursl ywafsrtem niehteesre ama spg
from treatment and d sposal act v t es
devel op ng countr es, rap d popul at cC
at on, ntens fy ng pollutnwme aof skwst da h
ff ¢ ent technolog es for manag ng | and
onment and a r. Many develop ng nat on
ut adequate | eachawge nhr esat rhe mtndf avatlert
g ser ous health hazards (Torretta et a
Food process ng waste pr mar |y cons sts
rbohydrates, prote ns, fat s,elasndofo b sqg c haen
ygen demand (BOD) , chem cal oxygen deman
mpos t on and volume of | eachate can fluct
ste character st c¢s, tenmpenrtatnur,e wassaleu bv oll 1
ze, age, operat onal pract ces, as well as
, 2021).

G ven the complex ty of these challenges,
go beyond e omareage memmatl avads td sposal met ho
max m ze t hendowdterntalalwadt eagwio | e prov d
dustr es are ncreas ngly real Z ng that
nancesalbutosal so enhances company value by
oduc-fmg ead-pyel dv ghoduct s. Add t osqta&l imy, t

gu
S0
I

e

n
r
e
r
(0]
n

n < o S

vest ment opportun t es n the recycl ng se
Agrandustrcan svarswe as a valwuable resourc:
stance, anaerob ¢ d gest on of k tchen was
thod for generat ng b ogas wh | e contr bu:
18)g.etthabdeed o | s whether fresh or used extr
her oh | waste <can be wut | zed as b omass
oethanol, a key motor fuel sourcad,s,camched
od, straw, and even household waste (Kaur
Th s approach promotes the adopt on of a
dustr es. The r s ng gl obal popul at on <cor
omaalsor zat on presents a prom s ng opport
e of ts major env ronment al advantages

nvent onal fuels w th b ofwuels. Tahe soen noent h

rth but also offer a susta nable energy so

Types ohdagto al wastes

The agr cul tur al sector s v tal across n
d -suneed entreg pan segr redlyt ur al products as r
wever, a s gn f cant port on of byproduct
ch as wastewater, scales, stalks, r nds, a
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ag somet mes repurposed as an mal feed or

convers on nto valuable and marketabl e prod

Organ ¢ agr <cultural waste can be transfo
t a cr t cal reamwlad)] ef resobuprceces®rng wast
cellul ose, mo stur e, hem cell ul ose, and n tr
These b ofuels serve as susta nable alternat
envmeahal and econom ¢c advantages. As nat
generat on, underscor ng the need for effect

S m | arly, waste from the food ndustry
oxygen demanm c(aBODQ %xygcechne demand ( COD) , and
management and convers on of these waste st
reduc ng env ronment al mpact wh | e support

Agrondudt rwaste valor zat on

Agrmast e presents a s gn f cant env ronn
|l cymaker s, and ecosystems al ke. The h gt
t h mproper waste d sposatiat| emastAg npgsreareat
from ndustr al processes and agr cultural
d ums, nclud ng water, so |, and a r.
For nstance, burn ng crop res dues rel e.
celneg adl mate change and pos ng ser ous he
nta n hazardous contam nants such as heavy
troduced nt o water bod es, can pod | ut e
osystems. Add t onaliwastrutcranerntr malelrutenon
ch as al gal bl ooms and eutroph cat on, d s
Convent onal waste d sposal memeérotd,s a&arud h
mpost ng further contr bute to env ronment
ses, nclud ng CO , CO, SO , and NO , alon
al ty and contam nat ng amtoucidveddaeas. glhh e c
acerbates poll ut on, ntens fy ng gr eenhc
v ronmentRalmaldegaletth a(EI, 2022) .
To m t gate these r sks, dewalsdpe manawysetme
solut ons s essent al . L gnocell ulmdust rb aolr
waste and has attracted ncr eddtengemesentf awn
t her mal and mechan cal propert es, l ow t ox
(Bel-Ramnrez et al ., 2019; Anwar et al ., 2014
Harness ng | gnocellulos ¢ b omass for b
solutr opr dmot ng susta nab | ty wh |l e reduc
hem cell ul ose can be enzymat cally broken do
bacter a convert nt o et hanol . Add t onall
| ngcell ulos ¢ b omass can generate combust |
(CH ) (P sutpasa et al ., 2014) . The vast a
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opportun t es for the r ntegrat .on 20459 . b |

exampl e, orange peel b -penmersa tc acmn bsey sutte nh tzce
produce power, heat, and hydrogen, max m z n

I n wastewater treatment, the Mov ng Bed
teohmgy that ut | zes suspended plast ¢ pol
prov de a surface for m crob al b of I m gr o\
convent onal act vated sludge met hoodMBBWR <ch
reta ns m crobes on the reactoro6s bed, preve

The MBBR system offers sever al advant age:
h gher b omass concentrat on, .anbdt greatpanrt:r
effect ve n s multaneously remov ng ammon a
mak ng t a versat | e solut on for wastewate

One of the most s gn f cant appll ecaadth aotnes.
I n one study, the MBBR process ach eved a 2
(COD) and a remarkable 90% reduct on n n
removed 97% of ammon a through n rtert efntc atn dn
of just 1.5 days (Payandeh et al ., 2017).

Th s h ghl ghts ts potent al as an eff
technol ogy. The MBBR's ab | ty to eff ¢ ent
env ronmentlsedc hket d,anndafk d sl t an attract ve
and reduc ng pollut on from ndustr al proce

Agrondustr al waste holds s gn f <cant pot
products through b octheemssas. oHowdee mocd elmar
waste worldw de S st 11 d sposed of t hrou
env ronment al poll ut on and fa | ng to harne
byproducts froamdupgrnrooweadxeadad caprpscul tur al goo
da ry, meat s, and other foodstuffs, are ge
nclud ng farm ng, forestr yrRangardayz entg ,aland 20 :

The efbfccenvernduwmgt ragalo wast e nt o val ua
by several factors, nclud ng feedstock comp

Lorby dAl Bemuda van Ekenste n stud ed the h
celllasech feedstocks, h ghl ght ng the pH sen
cond t ons pr omo t-ey dhr ogxhye r meyt heflMd=9f uarfh did alt s ( &
der vat ves, whereas al kal ne -a dmwmd tsyon$h efsac
hydrathygdr at on, |l ead ng to the format on o
compl ex struct ur ehyalnrdo xtyh ep hperneyd e mpcreo paafn op d s, |
to enzymat ¢ and chem caHaldlegmgadmg tom, b rmea&kk n

when subjected to hydrother mal hydrolys s n
phenol ¢ compounds.

The ¢ rcular economy, wh c¢ch focuses on re
cruc alonvelre wamgt@gr mt o renewabl e resources,
th s transformat on. These technolog es enab
nclud ng b ofuel s, chem cal s, apdl mateg abs
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of the water n the hydrolys s process w th

propanol can ncrease the on ¢ -@rlodpecodwdt t
(Karan et al ., 2018).

These advancemenhs bopoadebutmo v e me n-t of |
ndustr al waste nto b ofuels, present ng a

c rcular b oeconomy.

B ofuel

Agrondustr es are n eerceoanso myg | y nde mib r arce fn gn
wh chdersusta nable solut ons for waste man:
scale. These models focus on convertvalguegr
product s such as food add t ves, polsymer s,
generat ng b ofuels that can-Abevesededomést

A b oref nery s a fac | ty that ntegr at
b ofuel s, b obhemdc &@Inerggnd Wangn eng as . m 12a0r0l
petroleum ref ner es, these fac |I t es proc:
s multaneously produc ng energy (De Corato e

By ut | z ng b or efndiuesrtyr teesc hcnaon orga x sm zae
agr cul tur al resources, support ng both suste
economy (Fava et al., 2015). These technol og
f ne chem cal s, and b opol yemercsg,r whtlye &l $ &«
of b omass for energy product on S not a n
combust on have proven neff ¢ ent due to n

The f ocusgeone rsaetc oonnd d forfaue | vea s tdee rmavteer al s
crops, represents a c¢r t cal sh ft toward
produced from agr cultur al res dues | ke sug

fr endly al tgeernreaatatveont oo ofuet s ( Ramos et a
ntegrat ng b oref nery t emldneltog ess ,c agqo vad

chall enges n the green economy, reduce wast
byproducés &§AshoR014).

Agrmma st e has become an essent al resourc
prov d ng a v able alternat ve-wtast@eonwnemt bor
all ows ts use n heat ng apepbnteatbonhsnort a:
wor k generat on (Steeneken &t omhss B4l n
env ronment al mpact, hel p ng offset appr ox
annually (Steeneken eardlcropgOnléy. dbergeramp
of CO , SO , and NO compared to coal n the
and water consumpt on:waAdeéms¢!| ochahdgysugarcan
pecan shells, ecoandncpltanctobescam be proces:

more susta nable alternat ve to trad t onal
S nce d rect combust on of crop res dues
nto b ofuelnd tphroowegh o gf fteercehn ques. Th s t1
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generat on b ofwuels, wh c¢ch wut | ze agr cul tu

b ofuel product on nclude sawdust, sugar cal
potanad potato waste, and corn stalks (Ashok

Beyond b wfas¢les seagrese as a valuable raw n
used n plast c¢s, phar maceut <cal s, and food
enzymat ¢ ammde atameartys, wagteaactaonbe agaloee t ed
byproduct s. L gnocellulos ¢ waste, for nst a
ecfor endleféderdtcoweset products | ke aceet calac, d
2010). Th s | gnocellulos ¢ b omass S not ¢
mater al and chem cal manufactur ng as wel |
The expand pwpsrtel e nofb ageedr cnwelrare sanmfd sg legtsa an
m n m z ng waste wh | e generat ng valuable p

Technol og cal advancements and the ncr e
transformed b oethanol produchkl| omns nofo la tgé r
(Agr awal et al ., 2019) . However, many devel
su table waste mater als for b ofuel product
be ng explored tocuwabtee favabl oakltdhaopgamgen
vegetabl e waste such as potato peel s, carro

Saccharomyces cerev s ae (Mush m y mana an
pseudostems can blel utsr eealtle dp tw ctuhs Aasnpde rAgs per g
b oethanol (Il'ngale et al., 2014). Add t onal
agr cultural waste nto butanol (Ma t , Sarm
Fandustr al reews!| tdwrees, ffrooaomd amrmrocess ng,
as ngly recogn zed as v able feedstocks
d b ofuels der ved daompraegsrs ecdu |l aywlr ad d ewas
ltuoalkestedbypuesuct s, and wood ndustr
s serve as an eff ¢ ent and susta nabl
h ndustr al and res dent al sett ngs.
nocell ul os ¢ b ootneansts ahl o lfdosr sb gone nfe rcgayn tj
r ¢ organ ¢ compos t on, ncl udc onngp agu nudcso steh, «
can undergo anaerob ¢ breakdown to generate
of four ma rnysssagex: dhydrcak on, acetate sy
( SolTeorrtoe et al ., 2018) . The f nal product of
composed of methane (CH ) and carbon d ox di
monox de HC€Orogen sulf de (H S), hydrogen (F
convers on offers an eff ¢ ent means of tran

s ol
agr ¢
pel

Q —~+ —~+

to greenhouse gas reduct on wh | e generat ng
Eff eowwbste management s cruc al for redu
enabl ng b oenergy product on. Var ous techn
energy generat on w th susta nabl e wasnteo d s
b olog cal and thermochem cal processes.
Wh | e b ol og cal processes are eff ¢ ent
compos t on. Har mf ul substances n the subs
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met hods requ r e oldesngrearn gr entge nftr oonm dpaeyssc atl & we
mpl ement at onntesslyeand t me

I n contrast, thermochem cal processes off
m nutes to hours, and are not <cothysts anane dt lbeg
not rely on m croorgan sms. These processes
on feedstock mo sture content. Dry met hods,
for-moowture mater al s, dlwé enmoe gsst uweet fpereodcset soscek:
al ., 2017) . Due to the r speed and eff ¢ e
alternat ve to b olog cal approaches for b o

Research suggests that b of uueellss cwahn |nmea tocfhf
a I|-toeegm solut on to resource deplet on. Or g
oxygen demand (BOD) and chem cal oxygen deme
for m crob al act v ty, dvaecr ,| tmpr cmmpmgerb wd suted
can | ead to env ronment al poll ut on, wunpl eas

Depend ng on the compos t on of the was
b oethanol, b ohydrogen, and b otdoeadgl seawe
renewabl e energy sources but al so s gn f <ca
susta nable alternatdevre vtead fbo sosf ulel fsu epllsa.y B
greenhouse gas em ss onseardggecesasrocgst el
env ronmental susta nab | ty (Mohan et al .,

B ogas: A versat | e energy source

Gaseous b ofuel s, such as b ogas and b ¢
susta nable alternatueles. tDhesseaaveanewalal e for
ut | zed for power and heat generat on and
composed of methane (CH ) and carbon d ox de
a b olog cal compaeess drh@an dce matter r ch
hem cellulose. Th s met hod s w dely regarde
fr endly approaches to b ogas product on (Pa
genedatt hrough met hanogenes s typ cally ranc
componenti® %s waheabW¥p aecra,r bd:m d ox de, and tr a
(H ), hydrogen sulf de (H S), ammon a (NH ),

B odegradat onefhestmpkbepnodess®sst s commo
organ ¢ pollutants, part cularly those w th
ts eff ¢ ency decl nes when addresiemagdcon:
(COD) . Th s process enhances m crob al deco
t hem nto s mpler substances. Under aerob c¢
whereas anaerob ¢ cond t onsquesudstpamt bcuwlga
for treat ng young or fresh | eachates, wh ¢
However, t s |l ess eff ¢ ent n remov ng pe

and refractory orgaln. ¢ Z2®0Im®)o.unds (L pp et
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Conclus on

The eff ¢ ent -addéd zptooananmwg vafal&agres du

prov de env ronment al benef ts but al so gene
By adopt ng a ¢ rcul argrecahtotmy abpprcaoh, mh h
transfor med nto valwuable products such as
promot ng susta nab | ty. As gl obal energy
gr owt h, agr cuddustanasamed pagsent s a Vv abl e
product on, offer ng a renewable alternat ve

B ofuels der ved from agr cul tural res du

convent onale ft@ms d hle frudloswvedu em ss ons and r
toward b ofuel s hel ps m t gate b owaste ac

mpacts. Mopremdiieat, dmeofcob ofuels alongs de ¢
the mcondeas b | ty of b of utedr mprw daulc t|1 otny,
strengthen ng thendestit ahceeofot heBhgtoa et

Agrandustr al res dues hol d mmense poteil
energyt pomduwuand t he evxatl ruaec t b oaacaf vé& ghompou
management of these res dues s cruc al for
econom ¢ growth by transform ng waste nt o v

vat potentndlbsbf algrewaste as a susta nabl e ¢
based product s.

B oref ner es ded-cnadtuesdt rt cal p rwoacsd ses anrge angor
v able but also max m zg t a&asouechhasedd noatedirc pe

These fac | t es play a p vot al rol e n the
opportun t es and establ sh ng a more susta

Look ng ahead, resegaonlcths rewsl dufeec ushadn c
spectrum of wvaluable compounds, such as f b
prote ns, polyphenols, and pect n. These com
as prom s sngf ofreecdsrtcouclkar economy n t -at ves

effect veness of feedstock procur dmemnutl d pot
encourage greater- pdustc pat @é&nothem agr o ca
t healquy evaluat on of b omass and b oenergy
Ult mately, ntegrat ng b oref nery technol o
the advantages of the ¢ rcul arl etcyonwmyh rrdrt tv
ndustr al sector.
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ABSTRACT

The olive fruit fly Bactrocera oleapand the Mediterranean fruit fi\Cératitis capitatd are

among the most destructive pests affecting olive and fruit production in the Mediterranean
region, causing significant yield losses and quality degradation. Conventional chemioall co
methods, while effective, often lead to excessive chemical use, environmental pollution, and
harm to beneficial insect populations. This study presents a desmsea automatic agricultural
spraying system designed to optimize pesticide applicatimoording to treespecific
characteristics such as canopy volume and branch density. The system integrates ultrasonic and
camerabased sensors, GPS positioning, vehicle speed monitoring, an electronic control unit,
solenoid valvecontrolled nozzles, and msure and flow sensors to ensure accurate, target
oriented spraying. Rediime data visualization allows operators to monitor performance and
make informed decisions. Results indicate that the system significantly reduces chemical usage,
minimizes environrantal impact, enhances pest control efficiency, and improves both yield
and product quality. Overall, the proposed system represents a sustainable, economically
efficient, and technologically advanced approach for managing olive and Mediterranean fruit
fly populations.

Keywords: Sensotbased spraying, precision agriculture, olive fruit lBa¢trocera oleag
Mediterranean fruit fly Ceratitis capitatd, variablerate pesticide application

1. INTRODUCTION

The olive fruit fly Bactrocera oleapand theMediterranean fruit fly Ceratitis capitata are
among the most significant pests threatening olive and fruit production in the Mediterranean
basin [1, 2]. These species cause substantial economic losses by directly affecting both yield
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and quality [3, 4]In particular, the olive fruit fly damages olives when females lay eggs under
the fruit skin, and the emerging larvae feed on the pulp, creating galleries. As a consequence,
the chemical composition of olive oil is adversely affected, leading to an secireacidity, a
reduction in quality, and a significant decrease in olil yield.

On the other hand, the Mediterranean fruit fly, with its wide host range, infests various fruit
species. The larvae feed within the fruit tissues, causing softening, depsesidoay, and
premature fruit drop. These effects not only reduce production levels but also decrease the
commercial value and marketability of the fruits. In exqiénted production, the inability to

meet quality standards makes the economic lossesnewee pronounced [5]. Previous studies
have reported that olive fruit fly infestations can result in yield losses ranging from 30% to 70%
[6]. Fruit damage caused by the olive fly is shown in Figure 1.

Figure 1. Fruit damage caused by the olive fly

Traditional chemical control methods are widely used and generally effective in managing these
pests. However, excessive and uncontrolled use of chemicals leads to several drawbacks,
including environmental pollution, negative impacts on beneficial inssutlations, and the
accumulation of chemical residues in agricultural products.

Conventional pest control methods are generally applied in two main categoriesiver|
spraying and partidhranch spraying. Fulfover spraying involves the applicatiorf o
insecticides to the entire tree when pest populations are high; however, this approach often
results in excessive chemical use, soil and water pollution, and adverse effects on beneficial
insect populations [7]. In contrast, parabnch spraying corsts of applying insecticides

mixed with attractants, such as protein hydrolysates, to specific branches, thereby reducing
overall chemical usage [8]. Nevertheless, several technical challenges limit the effectiveness of
this method. Differences in tree siand branch density reduce the efficiency of standardized
dosages, while manual applications are prone to inconsistencies due to errors in branch selection
and spray amounts [9]. In addition, environmental factors such as wind, temperature, and
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